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ABSTRACT 
 
In the past decades, the world has noticed complex changes in its climate. The resources 
available now as well as in the future could be said to be analogous to the decreasing 
circumference of a funnel. The wealthy population with the means to elect what goods they 
wish to consume are becoming aware of their impact both on nature as well as on the less 
fortunate people of the planet. As a consequence environmental and human-centered 
factors are of higher priority than ever before in the decisions made by companies, which 
in turn will decide the future.  
 
This thesis aims to investigate what set of criteria can be seen as most relevant for 
sustainable material selection at a manufacturing company. To be relevant for the future 
these design criteria are decided with a base in modern research from the past decade in the 
field of material selection.  
The company chosen as a case to study and collaborate with was IKEA Components AB. 
The research was conducted on-site at the company’s facilities in Älmhult, Småland, as 
well as at the Blekinge Institute of Technology in Karlskrona, Blekinge. The company 
vision for the future which IKEA is striving towards is focused on lowering carbon dioxide 
equivalents, from which a lion share of the emissions is a result of the material they are 
selecting for their products. 
Experts within various fields of the chosen company were consulted to gain perspective 
and knowledge while designing and testing prototypes of a tool to facilitate a sustainable 
material selection.  
 
The metal alloys were analyzed for toxicity based on the percentages of all elements they 
contained and scored based on chosen sustainability criteria. The plastics were judged on 
recyclability, renewability, and degradability apart from available numbers for emission 
factors. After this, the materials were placed in the excel tool which was then tested by 
engineers and evaluated in semi-structured interviews. Updates were made to make the 
tool as user-friendly as was possible and new tests were conducted.  
Overall, the tool was appreciated by the users who tested it and more improvements were 
planned to finalize the prototype. Results are detailed in the latter part of the report, 
discussing designs the engineers preferred over others, the current scale of sustainability 
tools used in the company and how the testers scored the tool. In the discussion, criteria are 
evaluated based on their multi-criteria compliance with sustainability factors. 
 
Drawing conclusions about the subject of sustainability criteria was accomplished by 
conducting literature studies in material criticality, making use of the methods for 
sustainable product development taught in the master of science, investigating material 
toxicity, testing solutions for sustainable material selection at a typical furniture component 
manufacturing company, receiving feedback from constructors and exploring connections 
for the selected methods to the principles of sustainability.  
 
 
Keywords: Sustainability Criteria, Material Selection, Environmental Guidelines 
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Funnel Paradigm The metaphor of resources and demands creating a funnel of sustainability. 
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FSSD Framework for implementing strategic sustainable development. 
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Global Warming The global average temperatures rising because of artificial circumstances. 

Greenhouse Gas A gas which absorbs and emits thermal energy causing global warming 

Low Hanging Fruit Easily implemented actions which bring high or quick returns 
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1  INTRODUCTION 
 
This section describes the background. To underline the problem description the beginning 
is the importance of sustainable development, how to adapt to forces of change, benefits to 
transitioning to a long-term business model as well as practical strategies. This is followed 
by the purpose, the objectives, the limitations and lastly the subject for the case study of 
this thesis.  

1.1   SUSTAINABLE DEVELOPMENT AND GLOBAL GOALS 
What is sustainable development and how do we reach it? 
The mission statement of this thesis is to explore tools for an organization to use to reach a 
viable future and develop substantiated sustainability criteria for material selection through 
the use of sustainable development strategies.  
 
With the rising threat of climate change and global warming, humankind is entering into an 
era of awareness. The organizations of the world are realizing that modifying even minor 
choices in manufacturing processes can consequently have massive impacts on the 
environment, as well as severely affecting underprivileged groups. 
To impact society and steer it towards a safe future where everyone's needs are met, 
companies need to practice sustainable development.  
 
 
“Sustainable development is development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs”  

(United Nations, 1987, p. 37) 
 
This quote comes from the Brundtland Report (1987), which was developed by the World 
Commission on Environment and Development of the United Nations and is often 
presented as the commonly accepted definition of sustainable development. It encompasses 
both the current use of resources for the people of today, as well as the people of the future.  
 
Companies, as well as the rest of society, exists within the earth as a complex open system. 
This way of describing what is sustainable was popularised by Karl-Henrik Robèrt, who in 
his book The Natural Step Story (2002) describes how in 1989 he came up with a solution 
to make understanding sustainability a possibility for everyone. Robèrt used systems 
thinking as a metaphor for how companies function in society and nature.  
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Robèrt, along with his team, outlined the four system conditions for sustainability as 
follows: 
 
● “In the sustainable society, nature is not subject to systematically increasing 

concentrations of substances extracted from the Earth’s crust.” 

● “In the sustainable society, nature is not subject to systematically increasing 
concentrations of substances produced by society.” 

● “In the sustainable society, nature is not subject to systematically increasing 
degradation by physical means.” 

● “In the sustainable society, human needs are met worldwide.” 

(Robèrt, 2002, p.65) 
 

The conditions are widely considered to be the shared definition of what conditions define 
sustainable development.  

The last condition was later expanded and transformed into five new separate conditions 
concerning human needs in a doctoral dissertation by Merlina Missimer which was 
supervised by Robèrt: 

 

“In a sustainable society, [...] people are not subject to structural obstacles to …” 
● “health. This means that people are not exposed to social conditions that 

systematically undermine their possibilities to avoid injury and illness; physically, 
mentally or emotionally; e.g. dangerous working conditions or insufficient rest 
from work;” 

● “influence. This means that people are not systematically hindered from 
participating in shaping the social systems they are part of; e.g. by suppression of 
free speech or neglect of opinions;” 

● “competence. This means that people are not systematically hindered from 
learning and developing competence individually and together; e.g. by obstacles 
for education or insufficient possibilities for personal development;” 

● “impartiality. This means that people are not systematically exposed to partial 
treatment; e.g. by discrimination or unfair selection to job positions;” 

● “meaning-making. This means that people are not systematically hindered from 
creating individual meaning and cocreating common meaning; e.g. by suppression 
of cultural expression or obstacles to co-creation of purposeful conditions.” 

(Missimer, 2015, p. 44) 
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In the Sustainability Handbook, author Robèrt et al. (2012, p. 16) use systems thinking to 
illustrate everything living to be inside the biosphere. The biosphere is constantly 
exchanging energy within itself, as well as receiving energy from the sun and radiating 
heat into space, creating a highly complex system that is closed to matter but open to 
energy.  
The lithosphere is the core of the planet, discharging matter into the biosphere through 
volcanic activity and receiving matter through sedimentation. 

Figure 1: The biosphere, wherein all living things exist. Inspired by: (Robèrt et al. 2012, p.18) 

 
To be sustainable, human society needs to be able to continue existing within these cycles 
indefinitely. This can only be done through sustainable development, which is 
development contributing to sustaining these natural flows.  
 
If society does not adapt we risking stepping over a threshold, which Robèrt et al. describe 
as the point beyond which reacting factors can no longer dampen the chances we create, 
and therefore a change can have sudden and much more forceful consequences. 
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To reach development which could be considered more sustainable, an important resource 
to keep in mind is the Global Goals, set up by 193 world leaders at the United Nations. 
These are called Sustainable Development Goals, or SDG’s for short. 
 
“The Global Goals is the most ambitious agreement for sustainable development that 
world leaders has ever made. It integrates all three aspects of sustainable development; 
social, economic and environmental.” 

(globalgoals.org, 2015, FAQ) 
 
The official webpage globalgoals.com informs that the goals were decided upon to guide 
the nations towards a better future, and were planned to be achieved 15 years later. To 
measure these goals global indicators will be used. The goals are the following:  

Figure 2: The global goals for sustainable development. (global goals, 2015) 

 
Using these goals as guidelines to perfection would result in a utopian society where all 
needs are met and nature is freed from being exploited. This is not realistically reachable 
within such a limited timeframe as fifteen years, but the strive towards it is a place to start. 
The website also had this important advice in regards of how to achieve sustainable 
development. 
 
“For sustainable development to be achieved, it is crucial to harmonize three core 
elements: economic growth, social inclusion, and environmental protection.“ 

(globalgoals.org, FAQ) 
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1.2   PILLARS OF SUSTAINABILITY AND PATHS TO CHANGE 
What gains are there to sustainability and what different paths lead to change? 

Figure 3: The triple bottom line.  (Dalibozhko & Krakovetskaya, 2018) 

 
This picture displays a diagram that shows the intersection of the three pillars of 
sustainability, coined by John Elkington (1994) in his book Towards the Sustainable 
Corporation. The triple bottom line, as he called it, consists of economic development, 
social responsibility, and environmental preservation. 
 
The cornerstones environmental and economical intersect into viability, which is that a 
product should be possible to create with a profit and without wasting natural resources.  
The social and environmental pillar connects into bearable, meaning that the product will 
be useful to humans while not straining the ecosystem more than what is necessary, The 
remaining coupling of economical and social factors results in equitable, where the product 
is fair and equal for customers and for the people in the manufacturing process.  
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It is important to note that the connections between these pillars have an internal 
dependency on each other. Nature encompasses society, which encompasses all 
organizations. 
 
This called nested interdependencies and is 
illustrated in the picture to the right: 
 
If an organization is failing, this will have 
low consequences for society and even less 
for nature.  

If society is failing, the ramifications for 
organizations are immense, while for nature 
they are low.  

If nature is failing, both of the other pillars 
are condemned to failure.  

 

 
Figure 4: The relationship between the three cornerstones. Inspired by: (Robèrt et al. 2012, p.20) 

Nevertheless, the triad is a cornerstone for businesses who desire to prepare for changing 
conditions of the future. In the same issue of California Management Review as Elkinton 
addressed the triple bottom line, Paul Strebel (1994, p. 35) brings up multiple paths that 
lead to change.  
The specifics of the drivers of change will vary, but Strebel categorizes them into three 
forms of forces: 

 
● Established trends in the socio-political, economic, technological, competitive, and 

organizational environments; 

●  Turning points that reflect the limits to the established trends (limits to the existing 
resources, capacity, investment, growth) and the stimuli promoting new trends  
(innovation, life cycle shifts, new players); 

● Internal change drivers in the form of organizational shifts, new managers, and 
change agents 

(Strebel, 1994, p. 30) 
 
The paths Strebel describes for change are first divided by their apparent current pressure 
to either react to a strong force or to prepare for currently weak forces before they become 
too strong to handle. After this, the question becomes if the forces can be identified and if 
they are preventable. The last step is asking if there are opportunities within this change, if 
the organization is open to the changes, and if there still is time to change. 
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All of these questions are relevant for a company when deciding what strategies to follow 
towards a profitable and sustainable future. The steps can be seen in the picture below: 

Figure 5: The various paths to change. (Strebel 1994) 

Strebel identifies 8 different outcomes as a result of these forces.  
They are summarized as the following 8 outcomes:  
 
4 reactive change paths 
● Resistance, bringing no internal change as long as the force of change is contained. 

● Renewal, that brings incremental changes in limited parts of the organization. 

● Revitalization, which at a slow pace brings changes throughout the organization 

● Restructuring, a leap happening suddenly in a few sectors of the company. 

 
4 proactive change paths 
● Corporate realignment, a new organizational approach, causing tension to resolve. 

● Cascading implementation, adapting to forces and committing to participate. 

● Focused re-engineering, making focused comparisons to meet an implicit threat. 

● Bottom-up experimenting, competing to match successful examples of change. 

What possible forces could inspire the proactive paths of change in an organization 
currently, or possibly more urgent, the reactive paths in the future?
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1.3   FUNNEL PARADIGM AND FSSD 

Which forces create a drive for change and how can a company plan for sustainability? 
 
In the Sustainability Handbook, Robèrt et al. (2012) invoke the metaphor of the world 
passing within the walls of a funnel. This funnel is constricted by the resources which are 
available now as well as in the future, as well as the current and future customer demands 
and resource use. 
 
The funnel parallel is commonly used to illustrate how the world is not going to be able to 
sustain humanity indefinitely. The image illustrates how society is currently living within a 
cylinder, consuming at a steadily increasing rate which society pretends can be sustained, 
but the reality is that the trajectory of the consumption which has been taking place this far 
is not viable in the future as resources become increasingly scarce.  

Figure 6: The funnel analogy. Inspired by: (Robért et al. 2012, p.26) 

 
The lines seem to be on a path to intersect somewhere in the future, where society can no 
longer function. Before this happens, we need to reach a different trajectory where society 
can pass through the funnel, and hopefully replenish the shrinking resources while also 
decreasing the amount needed to sustain human needs. 
 
To stay within the shrinking walls of the cylinder we have to adapt by adhering to the 
definition of sustainable development. In a sustainable society, the future generations' 
abilities are not degraded to satisfy their own needs, substances are not increased in nature, 

8 



resources are not being depleted. The only way to impact this is to act as soon as possible, 
now rather than later, to stop the decreasing slope of the funnel walls. 
 
Why should companies care about their contribution to the funnel? In the Sustainability 
Handbook, Robèrt et al. (2012) suggest possible gains for organizations that make 
proactive decisions based on these forces of change. He begins by listing some 
unpredictable but possible consequences of hitting the funnel walls. Summarized they are: 
 
● Increasing costs for waste management, taxes, insurance, material purchases. 

● More strict legislation restricting available actions. 

● Gaining an increasingly worse reputation globally. 

● Loss of investments because of bad planning and getting blindsided by change.  

● Losing market shares to organizations utilizing their cutting edge technology 

● Failing to predict future market demands. 

 
Robért et al. (2012) also present a list of positive returns as categorized by Bob Willard.  
In his book The Sustainability Advantage, Willard (2002, p.21) highlights the benefits of 
sustainable development as an organization, here summarized as: 
 
● To, with more ease, hire top-quality talent. 

● Retaining top talent for longer periods of time. 

● Produce faster results with higher productivity from employees. 

● Decrease expenses in manufacturing 

● Lowering the expenses of commercial sites. 

 
Together these consequences and rewards create a compelling argument for why an 
organization should care about sustainable development. The changes are coming when the 
funnel is closing, the choice is to either collide or to adapt. 
 
After making the decision to adapt to the changing conditions, companies need to define 
their vision of the future and then find a process to make plans strategically to reach their 
goal. FSSD is an example of such a process. The acronym stands for the Framework of 
Strategic Sustainable Development. 
 
Robèrt et al. (2012, p. 32) presents this framework as being helpful in situations where 
there is a lack of shared terminology across the organization, where a company acts on 
demands and regulations without planning ahead, as well as when an organization might 
invest in paths that turn out to be dead ends. In these cases, he suggests, using shared 
planning processes will aid in making strategic decisions. 

9 



 
The first step of using FSSD is defining where the envisioned future will lead us. This is 
done through backcasting. 

Figure 7: Backcasting compared to other forms of planning. (Outhwaite,  2019) 

 
Backcasting is the most long term version of planning for the future. Since trying to plan 
with multiple possible scenarios, trying to forecast a most likely future or figure out the 
next steps for businesses are all strategies based on adapting to what the future is predicted 
to look like. Backcasting differs in that the envisioned future is the desired future, followed 
by the question “How can we get there?”. Having this shared vision ensures an effective 
planning process.  
 
In the Natural Step for Business authors, Nattrass and Altomare (2001, p. 20) describe 
backcasting as useful for situations such as: 
 
● When a highly complex problem is studied 

● A major change is necessary  

● The currently dominating trends are contributing to the issue 

● When external factors are the largest part of the problem 

● There are sufficient time and a large enough scope to make deliberate choices 

 
The authors write that when an organization is keeping all factors of what is closing the 
funnel in mind they can direct themselves to pass through without hitting the walls. To be 
strategic and use backcasting, large scale social and environmental realities cannot be 
ignored.  
 
Once a company has a clear understanding of what is necessary for society to become 
sustainable, they can try to envision a new future and their own role in it. After this, a five-
level framework, known as a 5LF, is a practical planning tool to use. 
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Figure 8: The five-level framework. (SustainTrans Research Team, 2019) 

 
This five-level framework is an action plan (APL) for building an understanding of the 
bigger picture and reaching some level of progress. When the system is understood, a 
vision of what success looks like can be illustrated, after this a strategy can be devised and 
definite actions and tools are chosen to reach the goal.  
 
In the Sustainability Handbook, Robèrt et. al. (2012, p.38-46) elaborates on the five levels 
and underlines that they should all be considered simultaneously. A five-level framework 
can be applied to any situation where there is a problem to be solved, but when the 
framework is used in the context of Sustainable Development the result is FSSD. 
 
● The System-level outlines the behaviors of the system and is where relevant 

information about it is collected.  The surroundings and subsystems are 
documented. In FSSD, this is an organization understanding socio-ecological 
sustainability and its challenges. 

● The Success-level is where the overall goal is defined and agreed upon. The 
identified principles to reach success must be necessary, general enough, sufficient, 
concrete enough, and non-overlapping. For FSSD, the goal would be some version 
of a sustainable society where the company contributes as little as possible to the 
problems humanity is facing. 

● The Strategic-level dictates what steps should be prioritized to move quickly and 
easily towards the goal. When it comes to FSSD, backcasting would be one of the 
strategies used. This could be from the principles of success or the company’s own 
vision for the future. 

● The Action-level lists concrete acts which when implemented in the strategy leads 
to success. For FSSD, here would actions be listed which brings the organization 
closer to reaching a sustainable society. For example, funding education into 
sustainability for the employees, using renewable energy and EPC (Energy 
Performance Contracting) to improving energy efficiency in facilities, improving 
the EoL (End of Life) of the products. 

● The Tools-level are the tools that aid in the planning and are utilized to reach the 
goals. In FSSD terms, this could be using LCA (life cycle assessment) or getting 
FSC (Forest Stewardship Council) certifications. 
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1.4   ABCD METHOD 
To put this framework into action an organization might use the ABCD method.  This 
involves taking into account the current reality, creating a vision, applying backcasting, 
brainstorming solutions and then deciding what actions are suitable for the situation. These 
steps can and should be revisited over time, to continue improving the plan and the vision. 
The website The Natural Step (2011) describes the steps in their article Applying the ABCD 

Method as such: 

Figure 9: ABCD applied with backcasting. (The Natural Step, 2011) 

 
● The first step, A, is to make sure all involved parties have a common understanding 

of sustainability and the same definition of success. The vision which is created 
should be ambitious to give the company the potential to reach far. 

● The B-step is to diagnose where the current situation is, such as who the 
stakeholders are, what challenges are faced, which assets are available. In this step 
it is important to be honest about the negative realities of the current situation, 
which creates tension between the present day and the goal. This tension is 
necessary to fuel innovation and find solutions. 

● The C-step is creating solutions, which comply with sustainability principles but 
also to company values, which through backcasting avoids only being reactionary 
plans to solve current problems, but instead become creative solutions to move 
towards a wanted version of the future.  

● The last step, D, is choosing between the suggested solutions to find a strategy that 
tactically takes the organization to the future they wish to see. Continuously asking 
the question “is this decision moving the company towards the desired outcome” 
 

In the theory part of the thesis, a business case for sustainability will be presented, but prior 
to this, it would be a suitable time to present the purpose, objective and research questions 
of this thesis. 
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1.5   PURPOSE  

How can this challenge of structural sustainable development be explored in this thesis? 
 
The reason for why sustainable material selections are of importance is because of the 
threat to nature that human consumption currently is.  
The World Wildlife Fund (2018), WWF, releases a report every two years called the Living 
Planet Report. In the report from 2018, they write that biodiversity is essential for human 
life and lists the following factors as threats to it: Pollution, Degradation, Overexploitation, 
Invasive Species, Disease, and Climate Change. The report presents these factors as 
contributions from the growing industries around the globe.  
This is not the only relevant factor. As previously addressed the rising demands and 
dwindling resources are leading towards a future that cannot be considered sustainable 
when measured to the system conditions for sustainability. 
 
The purpose of this thesis was to investigate the options a designer has for making more 
sustainable choices in their work and improve this by applying the most relevant 
sustainability aspects as decision criteria for material selection. This was done to gain 
knowledge about useful strategies for evaluating material from a sustainability perspective 
as a product manufacturing company. 
This motivation was intended to facilitate product development designers making 
sustainable material choices in their work, by exploring a possible alternative for how this 
selection process could be designed. The aspiration from this is to be able to impact the 
emission and effects on the environment of the product design process in a positive way. 

1.6   RESEARCH QUESTIONS 
What questions does this thesis aim to answer? 
 
The research questions based on the problem statement and purpose were set as the 
following three questions, with the first question being the primary inquiry: 

● How can one ease the process of sustainable material selection within metals and 
polymers for engineers at a furniture components manufacturing company? 

● Which aspects of sustainability and what criteria are relevant in these material choices? 

● How can a useful support tool for sustainable material selection be developed? 

 
How the thesis intends to answer these questions is further motivated in the following 
section, detailing the objectives and goals. 
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1.7   OBJECTIVES AND GOALS 

What objectives are necessary to fulfill the purpose of the thesis?   
 
The objectives were divided into subgoals to answer the research questions of the thesis: 

Figure 10: Overview of the subgoals 
The first subgoal was to understand the case company values, vision and business conduct. 
This was done by traveling to the selected company for the study, to have meetings with 
designers and experts. 
 
Following this came investigating what means of evaluating sustainability are available 
today for an organization and why these tools are not utilized to a higher degree. 
This meant exploring what resources exist to select materials beyond traditional factors 
such as appearance, price, material strength, availability. Subsequently researching user 
needs by observations and interviews to understand why these resources might not be used 
to guide a company's designers through the design process.  
 
The next objective was to gather technical data about the materials currently in use, as well 
as more sustainable alternatives and compile the information into one tool. The tool would 
be updated with mechanical material data as well as the available sustainability data the 
company could provide. This was presented as a sustainability compliance index. 
 
To find results and determine the usefulness of such a guiding tool it was equipped with 
both new materials and materials already in use, then investigation through practical trials 
was conducted. Comparisons between the new tool, the tools currently in use, and the tools 
available for the company were made to evaluate its advantages and disadvantages.  
 
When this was achieved, the first version of the tool was planned to be finalized with a 
toxicity analysis and criticality assessment of the materials, to give as much decision 
support as possible for the users. The aim was for the information in the tool to be 
visualized in a most helpful manner to facilitate the use of the tool 
 
The most ambitious goal was to make this tool a valuable resource for everyday use in 
multiple companies, leading to more sustainable choices that affect the climate in a 
positive way. To ensure this the focus rested on finding well-motivated decision criteria for 
sustainability, where the choices are supported by current research in the field. 
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1.8   IKEA COMPONENTS AB AS A CASE STUDY 

What is the chosen company and what makes this a suitable case to research? 
 
In this thesis, IKEA Components AB, henceforth referred to as ICOMP, was chosen as the 
object of a case study to enable a detailed investigation in how materials can be chosen for 
product design with a sustainability perspective, without sacrificing customer satisfaction. 
Because of the nature of case studies, making generalizations from one case to define 
others is a hard task, but much better than making generalizations without studying a case 
at all. 
The organization ICOMP is a division of IKEA's suppliers that handle the purchases, 
design, packaging, and distribution of components used in the furniture that IKEA sells. A 
growing part of their customers is taking an interest in the environmental aspects of the 
products, and are affected by the changing conditions described in the funnel analogy. 
IKEA is aware of this, as they write in their strategy People & Planet Positive: 
 
“When it comes to the IKEA business, unless we act boldly, price increases for energy, 
wood, textiles, metals and plastics will affect our costs and force price increases for our 
customers.” 

(IKEA, 2014, p.3)  
 

Therefore, the designers and engineers working on companies like ICOMP must adapt to 
these new demands by taking more factors into account than before in the choices made in 
the design process. This affects the choice of materials, previously chosen based on factors 
such as cost, appearance, strength, accessibility, with few sustainability aspects included. 
The main concerns within sustainability have been emissions of carbon dioxide, which is a 
good start but needs to expand to encompass more facets for the company to truly evolve 
towards sustainability. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: The five dimensions of democratic design. (Trendafilov 2018)  

 
As a part of IKEA’s vision for the future, democratic design is front and center. This way 
of creating products places all of the five specified dimensions at the same level of 
importance. Customers of the future are requiring that companies take more responsibility 
and thus a new process for material selection is required to streamline this transition to 
environmental awareness.  
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The choices made during the design process does not only affect IKEA's customers and 
nature but the entire process chain of people who are involved in the manufacture of the 
materials. IKEA is currently making use of what they call IWAY, the IKEA way, to ensure 
that their workers are being treated fair, which are a set of criteria a possible supplier needs 
to pass to become eligible for a business deal and are regularly checked to ensure continual 
compliance. For this purpose, they use (SSI), Supplier Sustainability Index which is a 
measure of how well a company abides the criteria.  
This thesis aimed to investigate which sustainability aspects are relevant, possible ways to 
make it easier for designers to make sustainable material choices in their work, and 
demonstrate how this selection process can be structured.  
 
IKEA is already using the mindset of a circular economy, shown in the picture below. This 
means they, to the extent it is feasible, aim to recycle materials, reuse and remake products 
if possible, to waste less material and energy-producing products from virgin material. 

Figure 12: Linear economy compared to a circular economy. (Weetman 2016) 

 
Because of their inclination to sustainability ICOMP has been selected as a suitable object 
for the case study of implementing sustainable material selection as a large scale furniture 
manufacturing company, although it specializes in producing components. A close 
business partner to ICOMP is IoS, IKEA of Sweden, which is situated in the same town 
and makes many of the design choices for furniture. 
 
To stay within the confines of the aforementioned funnel of sustainability, IKEA has a 
strategic plan to work on becoming People & Planet Positive, shortened to PPP*. IKEA’s 
plan encompasses three areas: providing a healthy and sustainable living, using resources 
in a circular way and being climate positive, as well as treating workers fair and equal. 
Information about these concepts can be found in the theory section of the report. 
 
 
* This abbreviation is not to be confused with people planet profit, a different name for the triple bottom line.  
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1.9   ASPECTS AND LIMITATIONS 
What needs to be considered and which boundaries must be in place to limit the scope? 
 
One aspect of the thesis is that due to the massive scale that IKEA manufactures its 
products, even minimal changes from a sustainability perspective could have major 
consequences for the environment. For instance, the metals used can be alloys of materials 
that are considered critical from a sustainability perspective and switching to another more 
sustainable metal, or preferably, a polymer, with similar properties would improve the 
situation a great deal.  
Because this work will investigate how materials should be selected in manufacturing, it is 
a generic problem for manufacturing companies, and therefore concerns more than one 
company's interests. By extension, this may mean that more companies follow in the same 
footsteps and create similar decision support for their material choices, which leads to an 
even greater impact on the environment. 
 
A limitation had to be made in that some of the factors which affect sustainability had to be 
excluded in this research due to a lack of data and to have a reasonable scope for the thesis. 
This was factors such as: the way the materials are produced and transported, which can 
create different types of stresses on nature, the choice between experimental and 
previously tested surface treatments which could affect nature if the end of life of the 
products isn’t taken care of. 
Nature is influenced by the choices made, but also by workers in places where the 
materials are extracted and people who treat and transport the materials. How the materials 
are manufactured and processed determines the well-being of the workers and these factors 
should influence the process of making sustainable material choices. This is covered 
minimally in the IWAY section of the report since ICOMP already works with fair 
contractors and make regular check-ups. 
Limiting how far down the process chain IKEA can be held responsible for the materials 
they choose was necessary, otherwise, too many variables were to be involved and the 
results could not be meaningfully compared. 
 
There were only a certain number of material types that reasonably can be examined to 
produce meaningful results. To counteract this problem, materials were categorized into 
groups where the materials could be considered to have similar effects on the environment 
and people in their manufacturing process. It was suggested to research material coatings 
such as galvanizing in addition to the materials, but this had to be discarded since it was 
not feasible in the timespan. 
The time was divided between examining materials, as well as consulting and observing 
constructors and experts. Sufficient time was set aside for research and literature studies, as 
well as for testing the guiding tool and evaluating it. 
Literature studies were conducted with detailed documentation of search terms and results, 
in order to avoid the study being incorrectly performed and must be repeated in order to be 
considered scientific.  
Interviews were planned in advance in order to counter the risk that more questions would 
be added and were documented by recording in order to counteract getting answers that 
were few, distorted or disappeared. Of course, the surveys were biased since the selection 
of respondents was handpicked for the assignment, this was a circumstance to be aware of. 

17 



2  THEORY 
 
This section initiates diving into the case company vision and agenda. After this, a case for 
Eco-Innovation. Lastly incorporating research from articles as well as books in the area of 
sustainability to substantiate the core inquiry of the research questions. 

2.1   IKEA VISION RESEARCH  

What is the vision of the case company, what are the sustainability aspects to consider? 
The weekly meetings with representatives from different departments yielded a substantial 
amount of documents for purposes between company culture and vision for the future, 
communication in line with company policy, sustainable metal production, risk process 
evaluation. These documents were used to construct a solution to explore the research 
questions. Some of the information concerning IKEA’s vision is compiled in this chapter 
to further explore the case company. In this chapter, the company will be named as IKEA 
instead of ICOMP, since the resources treat their visions as being indiscernible from each 
other. 
 
This information was gathered from the powerpoint People & Planet Positive (IKEA, 
2018), an internal document published as the IKEA Sustainability Strategy, apart from this, 
the information comes from the powerpoint Circular IKEA (IKEA, 2016) as well as Setting 
science-based targets (IKEA, 2015). 
 
Sustainable progress has been made since the PPP plans conception in 2012, but more 
ambitious goals are needed to satisfy the rapidly changing needs of the world. This plan 
involves the entire value chain of the franchise and its goals are set for 2030, but is updated 
every year to align with IKEA’s strategic framework. The company is committed to 
collaborating with others, giving and receiving knowledge to improve together. The picture 
below shows the current chain of production for ICOMP: 

Figure 13: ICOMP Scope of 2015. (IKEA, 2015) 
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The importance of meeting people’s needs without compromising the needs of future 
generations is vital to IKEA (IKEA, 2018). This creates a new way of working where 
IKEA is using its size to make a positive difference, which is both a responsibility and an 
opportunity for smarter business. The social, economic and environmental impacts come 
together to better more people's lives. 
IKEA is transforming from a linear way of thinking to a circular, where resources are 
recycled. This will secure the future of their entire value chain. Conserving resources has 
always been a core value since the company began, as well as having high ambitions and 
being open about the challenges they face. In the Circular IKEA document, the founder of 
the company, Ingvar Kamprad, is cited as having written in his testament in 1976: 
 
“Waste of resources is one of the greatest diseases of mankind. Use your resources the 
IKEA way. Then you will achieve good results with small means.”  

 (IKEA, 2016) 
 
In People and Planet Positive (IKEA, 2018) the company describes itself as inclined to 
take part in the global discussion, guiding other companies and improving themselves over 
time. The solutions they find are focused on the root of the problems they face, not only 
treating symptoms, by using new technology, innovative materials, and clean energy. This, 
in turn, involves improving all divisions of the company. The picture below displays the 
division of emissions between sections of the product manufacturing as well as the sections 
of ICOMP: 

Figure 14: ICOMP’s GHG emissions in million tons. (IKEA, 2015) 
 

These pictures, as well as the documents, inform us that 80% of a product's total impact on 
the planet lies within the design phase. The three major challenges IKEA has identified 
which are relevant to them and need to be solved together are: climate change, 
unsustainable consumption, and inequality. Climate change is a reality and is having real 
impacts on the world. The rising temperatures are a fact.  
 
“The biggest opportunity for reducing the IKEA greenhouse gas footprint comes in raw 
materials and the life of products in the homes of IKEA customers” 

(IKEA, 2018) 
 
Current predictions for the global population is 8.5 billion by the year 2030, with about 
half a million more people living in middle-class homes. This means an even higher 

19 



pressure on the planet than today, and the problem of unsustainable consumption rising. 
Estimations tell us that the world will need to produce 70% more food than today, in the 
year 2050. Pollution and resource scarcity are problems that need to be solved.  
 
The increasing gap between the most wealthy in the world and the poorest is a concern, as 
well as the people living in extreme poverty. Equality, rights for everyone and fighting 
discrimination are important concerns for human rights, as well as counteracting human 
trafficking and helping the more than 20 million refugees in the world. 
IKEA’s ambitions and plans are guided by the UN’s Sustainable Development Goals, 
which were launched in 2015. The plan is to lead by example, to make a grand change in 
how society should take action and contribute to sustainable innovation. The goal is to 
generate more than they use and make a positive difference.  
 
The challenges IKEA has identified as relevant for them lead to three focus areas they use 
to fulfill their vision of becoming planet positive: Healthy & sustainable living, circular & 
climate positive, fair & equal.  
Healthy & Sustainable Living impacts the households, which by an estimation uses one-
third of the globally generated energy and one-tenth of global water use. Making these 
houses sustainable would largely impact pollution and waste around the world, and to do 
this IKEA produces affordable and appealing solutions for everyday life. They also strive 
to produce nutritious food to the people they serve, as they are one of the ten largest food 
companies worldwide. The focus IKEA has is not only to produce sustainable solutions, 
but to inspire people to make changes in their lifestyle to reduce waste. 
 
This is accomplished by following the 
democratic design dimensions. For instance, 
offering affordable products for water and 
energy efficiency in homes as well as 
proactively phasing out harmful chemicals in 
furniture ahead of limiting legislations. Future 
goals include enabling people to live healthier 
lives, make sustainable living affordable to 
everyone and eliminating waste.  
They wish to provide knowledge and 
opportunities for sustainable living and make 
everyone part of the solution to our shared 
problems. While doing this, IKEA is working 
on minimizing their climate impact, which 
can be seen in the picture to the side: 
 
It is apparent that the raw material is the 
factor that represents the largest percentage of 
the climate impact for the company.  
Followed by the product use by the customers 
and then the product transportation. 

Figure 15: IKEA's climate impact in 2016. 
(IKEA, 2018) 

Circular & Climate Positive impacts the planet, making sure to conserve limited resources.  
This is accomplished with responsible sourcing programs, improving resource utilization. 
Since 2015, 100% of the cotton, fish and seafood IKEA sells come from sustainable 
sources. They are closing in on their goal of 100% sustainably sourced paper and wood and 
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are phasing out virgin plastic. The goal by 2030 is to use renewable energy and be a 
circular business, to contribute to that at the end of the century the total global temperature 
increase is to be below 2 degrees Celsius.  
 
Their goals are to turn waste into resources, another is to reuse and recycle material, a third 
to use renewable electricity in their operations. They wish to reduce GHG emissions, 
ecological footprints and become water and forest positive. Based on the current trajectory, 
this is necessary, but a hard goal to reach for, as can be seen in the picture below: 

Figure 16: IKEA's predicted trajectory of GHG emissions. (IKEA, 2015) 
 
Fair & Equal impacts the people in IKEA’s value chain.  By 2030 they should all be 
positively impacted by IKEAs choices. Children and families have always been IKEA’s 
focus, which enables them to make decisions that create opportunities for entire 
communities. 
IKEA believes that equality is the base of a better life for people everywhere and they 
expect fair treatment of workers from all their business partners (IKEA, 2018). They are 
encouraging diversity and inclusivity and want to help people reach their full potential. 
Some requirements they have for business partners are respecting human rights and 
making sure workers are safe. Their goals are to make gender equality a reality and to have 
a positive impact on the livelihoods of people and local economies. 
 
They are enabling these changes by advocating for rights, partnering with fair companies, 
innovating to turn challenges into opportunities, being inclusive, having incentives for 
transformational change, applying IWAY for their business partners, being transparent and 
communicating openly. From a business perspective, this outward presentation of a 
company willing to adapt to the changing climate nets IKEA the benefits brought up in the 
introduction which Bob Willard argued for in The Sustainability Advantage, Willard 
(2002, p.21). Apart from those reasons, more benefits for economically advantageous 
sustainability, are presented in the following segment. 
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2.2   ECO-INNOVATION AND RELATED RESOURCES 
What financial benefits come from sustainability and which resources are available for this? 
 
“Business leaders often overestimate the cost of regulations and underestimate their own 
capacity for innovation. [...] Companies that figure out cost-effective ways to comply with 
regulations can cut costs relative to their competitors and establish Eco-Advantage.” 

(Esty & Winston, 2009, p.75) 

In this section, arguments are presented for 
economically beneficial sustainability.  
Because one determining factor to keep in mind 
when transitioning an organization into becoming 
more sustainable is the monetary gain they stand 
to gain by adopting sustainability strategies. This 
ties into the research question of easing the 
process of sustainable material selection within 
metals and polymers for engineers at a furniture 
component manufacturing company.  
 
To guide the material selection design process, 
the first objective to reach in the process is 
motivating the users to change.  
For this to happen, showing the supervisors and 
leaders of a company that there is a financial 
bottom line to sustainability is a good start.  
 

Figure 17: ECO-Innovation. (European Commission, 2013) 

In his book, The sustainability advantage, Bob Willard (2002) details the seven benefits of 
running an organization sustainably. These were previously briefly mentioned in the 
introduction. They are (1.) easier hiring and (2.) retention of top talent.  
Willard argues that the best people will be drawn to an organization that presents itself as 
set out to save the world, and promises that there are high risks and high rewards if they 
choose to be on the winning team. He also points to a ten-month gap in time of losing an 
employee to the point where a new employee has replaced them with full efficiency and 
the losses associated with the endeavor.  
 
Willard lists 22 reasons for why an employee would stay, found in a study “Meaning at 
work” from 1997 by Tom Terez. The reasons can be summarized as receiving validation 
for their work, respect from colleagues and balanced challenges that fit the employee's set 
of skills and personality.  
The next benefit (3.) is increasing productivity, which is presented as motivation times the 
abilities of the employee. If the talent is retained, they also need to be motivated to 
produce, which they can be if the work they do is meaningful to them and their goals are 
energizing. If the employee has clarity in their tasks, is feeling involved in something they 
find relevant and meaningful, they will be committed to the work.  
 
The next benefits are reduced expenses for (4.) manufacturing and (5.) at commercial sites. 
Willard details in which ways this is possible because of recycling, reuse and better waste 
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management, leading to fewer resources used and less money invested. Cleaner energy and 
materials are another factor.  
A more overlooked benefit is also to switch from hazardous materials, placing the human 
needs at a much higher priority, while also reducing money spent on handling the 
materials.  The personnel can be used more productively at less dangerous sites and there is 
less time spent on monitoring compliance with safety regulations.  
 
Lastly Willard claims (6.) it will lead to increased revenue and market shares while also 
(7.) reduce risks and provide easier financing. He uses an example of a Forest Reinhardt 
who in an article in Harvard business review had outlined the conditions that customers are 
inclined to pay more for a sustainable product. So long as it can market itself as 
sustainable, appear more credible than its imitators, and the product provides the customer 
with a good conscience.  
He also brings up the funnel metaphor from Robèrt's research, using the wording 
“differentiate or die”, meaning that organizations that will not adapt won’t be in the 
business for long. The reduced risks he brings up concern transactions and the market, such 
as changing demands or boycotts. 
 
Nattrass & Altomare (2001, p.31-74) have in The Natural Step for Business used IKEA as 
one of the case studies in the book, to research how they are using their method of the 
Natural Step to their advantage for gaining a competitive advantage. This is done through 
being aware of the challenges, which Nattrass and Altomare as well use the previously 
discussed funnel metaphor to explain.  
This is followed by creating a strategic vision, which then is turned into a learning platform 
and integrated into every aspect of the company. The employees are being involved, taking 
actions, innovating and continually learning. The Natural Step framework is built upon 
scientific principles for matter and energy. 
In the case study of IKEA, they describe the founder, Ingvar Kamprad’s, vision for the 
company. With waste being a mortal sin, and fear of making mistakes being the enemy of 
evolution. Describing IKEA of Sweden (IoS) as the heart of the company, they provide 
what was at the time current data for IKEA’s sales, a story of how the Natural Step was 
pitched and became IKEA’s first approved environmental action plan (APL) with training 
and education. They describe how IKEA integrated this plan, what training was given, how 
the resistance of managers still led to a first line of “Eco-Plus” more sustainable products, 
which led to a staircase of greater environmental responsibility for products, which still 
continue to this day. 
 
A company starting out with its sustainability journey has the opportunity of low hanging 
fruit to collect on easy fixes which easily increases revenue.  
When the designers are motivated to work with sustainability and eco-innovation, the next 
question becomes: where can a company find information about sustainability if they wish 
to improve their environmental awareness and incorporate some variety of sustainability 
data in their day to day procedures?  
Some available resources for sustainability information are introduced and explained in the 
following segment and later used for purposes of comparison in the discussion section of 
the report. For a start, some of the viable tools are: 
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Sustainability module in SolidWorks 
On their webpage solidworks.com the 
corporation SolidWorks (2019) writes that 
its product SolidWorks Sustainability 
provides  LCA, which they clarify as: 
 
“LCA is the detailed analysis that gives 
you the information you need to make the 
most environmentally friendly decisions 
throughout product design. The analysis 
looks at a product’s entire life, which 
encompasses ore extraction, material 
production, manufacturing, product use, 
end-of-life disposal, and all of the 
transportation that occurs between these  
stages.”  (SolidWorks, 2019) 

Figure 18: LCA in SolidWorks. 
(solidworks.com, 2019). 

After a CAD model has been created, SolidWorks can calculate the mass of the object, and 
then estimate emissions of carbon dioxide, energy use, air acidification and water 
eutrophication based on which options of transportation, locations, and EoL are selected.  

Air acidification from burning material is measured in units of kg sulfur dioxide equivalent 
(SO2). Carbon dioxide is measured as the carbon footprint in units of carbon dioxide 
equivalent (CO2e). For energy use, SolidWorks measures non-renewable energy sources of 
the object’s lifecycle in megajoules (MJ). The water eutrophication is measured in kg 
phosphate equivalent (PO4) or kg nitrogen (N) equivalent. 
 
GaBi Software 
On their website gabi-software.com, the company Thinkstep (2019) presents their database 
GaBi as one of the most trusted resources for Life Cycle Assessment and describes it as 
useful to find answers to sustainability questions an organization may have, such as: 
 
“How can we develop a sustainable product portfolio to build competitive advantage and 
increase revenues?” 
“How can we build a product sustainability strategy and meet our targets?” 
“How can we differentiate our products with verifiable sustainability credentials to drive 
customer preference?” 
“How can we use resources more efficiently and optimize processes throughout the value 
chain to reduce cost?” 
“How can we identify supply-chain hotspots including materials and processes of concern 
to mitigate risk?” 

(Thinkstep, 2019) 
 
So in cases where supervisors and managers are expressing these concerns, GaBi is an 
alternative that might be relevant.  
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REACH 
To stay ahead of regulations monitoring harmful substances, a logical resource to use is the 
REACH decree. I can be found at Kemikalieinspektionen (2019) webpage at kemi.se, 
where it can be used to monitor the regulation and the registration of chemical compounds 
and restriction of harmful substances.  
 
The collection of legislation has according to 
kemikalieinspektionen been described as the most 
complex assembly of laws in the history of the UN. It is 
extensive, covering 849 pages of text at its release and is 
continually expanded. 
 
The steps an organization needs to undergo to get a new 
material authorized is to register the characteristics and 
dangers of the substance, for any substance where the 
import is surpassing 1 ton yearly regardless of its hazard 
level. For an organization, employees working in 
purchases would be helped by this database. 

Figure 19: The REACH certification logotype. (Wieland Metalix, 2007) 

SINimilarity Database 
A resource for checking the toxicity of a chemical compound is the SINimilarity tool 
distributed by the international chemical secretariat, Chemsec (2019), used through the 
website sinimilarity.chemsec.org. This database, (SIN), short for “Substitute it Now”, is 
aiming to speed up the identification of harmful compounds listed in the REACH process. 
With a database of approximately 500 000 identified chemical structures in the SIN list, 
SINimilarity it is intended to be used to match a new molecular structure with existing 
ones to determine its possible toxicity.  
 
The website boasts that it can identify which, if any, substances included in the SIN list of 
suspicious materials, that have 70% or more structural resemblance to the substance a user 
is searching for.  
It also inspects and alerts the user of specific elements which might be of importance to the 
toxicity of the material. This is useful for designers who wish to select a material with as 
low toxicity as possible for their product and provides possible alternatives to use as 
substitutions. 
 
Granta Design Educational Hub 
At the website, grantadesign.com, the Ansys owned company Granta (2019) is offering 
exercises of sustainability through:  

Eco cost databases, various videos supporting social and environmental awareness, 
multiple case studies in plastic waste, polymers, electric appliances, and built 
environments, exercises, and workshops, lecture units in low carbon power materials and 
sustainable development.  

Through these means, Granta presents many resources for learning more about various 
topics within sustainable innovation. 
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2.3   RELATED WORK 

How does this research fit within the field? 
 
The research which this thesis bases itself on comes from a multitude of subjects. 
 
In the previous sections of the report, different facets of sustainability and prominent 
names within the field from the last decades have been brought up. This work is building 
on the shoulders of these predecessors. 
After the vision of the case company was explored, well-documented resources within eco-
innovation were discussed. These were intended as the right course for convincing 
organizations to adopt sustainability but also showcased some authors whose work relates 
to the objectives of this thesis. 
This was followed by related resources and databases for sustainability information to 
show samples of the currently available tools and where they can be found. As will become 
clear in the methodology and results, to explore the research questions there was a need to 
develop a new type of tool which becomes tailor-made for the case company, but can be 
adapted by other organizations if they are so inclined. 
 
In the conference paper Developing Holistic Frameworks For The Next Generation Of 
Sustainability Assessment Methods For The Built Environment authors Poston, Emmanuel 
& Thomson (2010) discuss within the field of home construction different methods of 
assessing life cycles and present a holistic overview of the current sustainability 
assessment methods. This is related to this work in the shared strive towards incorporating 
multiple criteria to accurately assess relative sustainability. 
The authors conclude that there needs to be a shared model for sustainability assessment to 
create trust in the reliability of branding buildings as sustainable. This is parallel to what 
the author of this thesis is aiming to accomplish by evaluating sustainability criteria. 
 
To accomplish this, material studies were conducted to find human toxicity and 
environmental impacts of the currently used materials, in conjunction with the prototype 
creation and testing. In this section, current research relating to steel production and use 
was summarized and presented, provided more insight into the subject. 
To finish the research a literature study within criticality assessment of materials was made 
to explore the current state of the field. The methodology used is described in the 
methodology section and the study is presented in the results section of the report, adding 
to the related works included in the thesis. 
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2.4   MATERIAL STUDIES 

Which materials are the subject of question, and what sustainable influence do they hold? 

2.4.1 METAL 

ICOMP uses four types of metals in their products. Aluminum, Brass, Steel, and Zinc.  

Figure 20: the Periodic Table. Science Notes (2017)  

  
Elements in Aluminum Alloys: 
Aluminum, Chromium, Copper, Iron, Magnesium, Zinc, Manganese, Nickel, Lead, 
Silicon, Tin, Thallium, Bismuth. 
 
Elements in Brass Alloys: 
Aluminum, Copper, Iron, Nickel, Lead, Tin, Zinc 
 
Elements in Zinc Alloys: 
Aluminum, Cadmium, Copper, Iron,Tin, Magnesium, Nickel, Lead, Silicon, Zinc 
 
Elements in Steel Alloys: 
Carbon, Manganese, Phosphorus, Sulfur, Silicon, Nickel, Chromium, Nitrogen, 
Molybdenum,  Aluminium, Copper, Vanadium, Titanium, Niobium, Boron, Lead, Tin 
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To learn more about these materials, the human impact, as well as the environmental 
impact, was explored.  
The following information, on the effects on nature and human for these metals, is 
summarized from Jernkontoret’s research, as Lagneborg & Waltersson (2004) writes in 
Guide for Alloy Metals and Trace Elements in Steel concerning the substances in question. 
 

Table 4: Alloy compound analysis (Summarized from: Lagneborg & Waltersson, 2004) 

Material: Aluminum  Bismuth 

Uses: An extreme scale of areas of use. Added in steel 
for high-temperature applications, it raises 
oxidation as well as corrosion resistance. 

No well-known uses. Possibly added to provide 
free cutting attributes to steel. Lessens the ability 
for heat-processing and material toughness.  

Human  
impact: 

The general population consumes ca. 12 mg 
aluminum each day. Most of this pass with the 
urine.  
Consumption was linked to Alzheimer's disease, 
but new research refutes the correlation. No 
known associated health risks. 

Bismuth compounds are not easily solvable and is 
not absorbed by the human body in any in large 
capacity. Undergoing research is carried out for 
possible antibacterial purposes. 
Kidneys and liver have been affected in known 
cases of bismuth poisoning from medication. 

Environmental 
impact: 

Burning fossil fuel creates Al ions, which binds 
to phosphorus ions, reducing levels of life-
sustaining phosphor in living organisms.  
When released into nature, aluminum hydroxide 
is created, clogging fish gills, causing them to 
drown. 

No known positive effects on the environment, but 
unlikely to cause harm with the current 
circumstances. Possible replacement for the more 
harmful lead used in current alloys. Not included 
in international lists for harmful substances. 

 Boron Cadmium 

Uses: Used to greatly minimize cracking at grain limits 
in stainless steel alloys. Allowing for high-
temperature processing. It has the opposite effect 
if used in speed steel. Raises the hardening 
capacity for low alloyed steels. 

Used in Zinc alloys for corrosion resistance, 
stabilizer for construction plastics and within dry 
batteries. Heavy regulations are in place to 
minimize this.  

Human  
impact: 

Found within sustenance. It does not accumulate 
in the human body when consumed.  
Low amounts are found in drinking water, which 
still classifies as among the lowest in the 
estimated interval WHO has presented. 

Binds easily to proteins in organisms and only 
releases ca. 0,01% per day, meaning that the 
biological half-life in bodies is estimated to be 
multiple decades. Classed as cancerogenic. 
Kidneys, liver, and lungs are vulnerable and 
sickness affecting skeleton growth is associated 
with this material. 

Environmental 
impact: 

Acute toxicity is relatively low for freshwater 
organisms, as displayed by short term testing. 
The considerably low amounts of this substance 
are not considered as threats to the nordic 
environment. Low levels may increase the odds 
of survival for fish spawn. 

Well documented as harmful in nature. Free ions 
are especially inclined to bind with organic tissue.  
When compared to other toxic materials, cadmium 
is ranked among the most dangerous.  
Forbidden to be used in surface treatments in 
Sweden since 1979. 
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 Chromium  Copper 

Uses: Ferrochrome, as the compound made out of iron 
and chrome, is used today for many purposes 
within steel alloys.  
It increases hardening capacity, is a strong 
oxidation resistance as a surface layer even in 
wet conditions. Has the capacity to form stable 
carbides. 

Mainly used in electrical components in a pure 
form, found as a trace substance in steel but only 
used as a compound within steel alloys in rare 
exception cases.  
This is to heighten corrosion resistance and 
strength. 

Human  
impact: 

Chrome is valuable for human bodies as a 
micronutrient. All organisms need some level of 
this element, and animals higher in the food scale 
can regulate their levels.  
Even very high intakes are able to be dealt with 
without harm to the body. Although allergic 
reactions can arise with direct skin contact. 

It is rare to find negative effects of copper in 
humans, although it historically has been used as a 
sulfate compound for emetics.  
Exists in drinking water and too low levels in 
humans are classed as more dangerous than 
having too high ones. 

Environmental 
impact: 

In sour environments, more free metals are 
surfacing freely, causing some toxicity.  
In Sweden, the levels currently in place are low 
enough not to cause risks for negative effects on 
nature.  
With the exception of places where accidents 
have caused large emissions into the 
environment. 

A necessary substance in enzymes. It affects 
different organisms in various ways, depending on 
if they are exposed to low levels or high levels of 
copper compared to what they need.  
Animals higher on the food chain have a more 
advanced capacity to regulate their levels of 
copper, seldom enters muscle tissue of fish or 
other water living beings. 

 Iron  Lead  

Uses: Iron is the main component in all types of steel. 
Steel cannot be created without containing iron.  
As a substance in other types of alloys, iron is 
mostly viewed as contamination, mostly having a 
negative effect on the properties of the alloy. 

Added for easier workability for precision cutting, 
especially for fine processing at low speeds lead is 
seen as a necessity.  
Lessens the ability to heat-process steel by a large 
margin.   

Human  
impact: 

Iron is essential to all mammals, and lacking the 
substance is the most common deficiency for all 
humans, next to protein deficiency. Products 
containing grain is a good source for the meta, 
intake is ca 10-20 mg per day for adults.  
Too much iron is caused by metabolic illnesses 
Inhaling iron smoke can cause cancer and lung-
related sickness. 

Toxic effects are documented at extremely low 
levels. In sour environments lead binds easily to 
biological tissue. 
Stunting growth, disrupting the nervous system, 
causing anemia, lowers immune system defenses, 
causing genetic defects.  
Proven to cause cancer in animals.  

Environmental 
impact: 

Oxidizing and alkaline conditions cause iron to 
stay contained, while the opposite causes iron to 
become free form. Soluble iron compounds are 
extremely rare to find in nature, and the ion is the 
most toxic version for the environment.  
This is still not a highly toxic substance, except 
for when it is combined with chloride.  

Non-organic deposits of lead affect the ecosystem 
in worse ways than natural occurrences. A higher 
salt level in water lessens toxicity.  
Because of regulations, only areas close to earlier 
disposal grounds of lead are deemed to be affected 
by the toxicity. 
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 Manganese Molybdenum 

Uses: Used in steel to lessen the effects of oxygen on 
the steel, increase the hardening capacity.  
Before the modern sulfate cleaning methods had 
arisen within the steel industry, manganese was 
used to bind the sulfates and lessen the number of 
iron sulfates which was causing the material to 
deteriorate in the heat process. 

For high toughness steel and hardened steel, 
molybdenum is commonly used. This provides 
higher heat processing strength.  
It is mostly used in construction steel, ca. 33% of 
all uses.  
Closely followed by stainless steel, ca 31% or all 
uses. 

Human  
impact: 

Not many cases of lack of manganese are 
described within humans, although the issue is 
present in other organisms. Neurological harm 
can be done to humans working with the 
extraction of manganese, closely resembling 
Parkinson's disease.  
Higher frequencies of pneumonia have been 
observed in humans exposed to manganese-
containing smoke. 

Essential trace substance in organisms, including 
humans.  
Symptoms of lack of molybdenum have been 
observed in animals, but rarely in humans.  
Having too much of the substance can cause too 
low levels of copper absorption in the body.  
Working with molybdenum can cause harm to the 
lungs, cause aches in joints, the back and the head. 
 

Environmental 
impact: 

Necessary for photosynthesis, a much-needed 
substance in living organisms. Inclined to form 
bonds with oxygen and become a layer on the 
ground.  
The free ion can be considered moderately toxic 
but is rare in nature. 

Low solvability in sour environments, which is 
unique compared to most other nutrient 
substances.  
This ability has contributed to the low nitrogen 
absorption by plants and microorganisms. 
Needed substance for normal growth of plankton. 

 Nickel  Niobium 

Uses: Used mainly in stainless steel, forming austenite 
in that particular category of steel, and raising 
corrosion resistance somewhat. Used to nickel-
plate material for new surface properties. 

Niobium is used because of its ability to form 
stable carbides, which is the most important 
implementation in microalloyed construction 
steels 

Human  
impact: 

High likeliness to cause allergic reactions in 
humans, especially from extended exposure to 
the metal. Poisonings are rare but affect the 
respiratory system. Nickel emissions are often 
linked to emissions of other substances, making 
the exact effects hard to isolate. 

Health risks of niobium are only thought to be a 
possibility for workers exposed to the metal. 
When tested on mammals, the element is 
extremely toxic and in the cases where it wasn’t 
lethal, the liver and kidneys were damaged. 

Environmental 
impact: 

Nickel is classified as “probably” necessary for 
life, but more research is needed to confirm this. 
Microorganisms have been found to contain 
enzymes using nickel. 
Surrounding areas of steel-producing facilities 
have been tested for high levels of nickel, which 
affect nature negatively. The free ions are the 
most harmful. In most areas of Sweden, the 
levels are judged as too low to be harmful.  

Few studies have been made about the effects of 
Niobe biochemically. It is a stable compound 
within the earth’s crust.  
The few studies which have been made showed 
that the ions and soluble compounds are highly 
toxic to water living organisms. 
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 Silicon  Tin  

Uses: Rare element to use in within steel alloys, used to 
create slow annealing and reach a higher level of 
strength for the material, resist oxidation and 
corrosion.  
Many uses for electrical components. 

Tin is rarely, if ever, used in steel alloys.  
It is instead used for surface treatments due to its 
very high corrosion resistance in both water as 
well as air. Its low toxicity has led to it often being 
used to line containers for food and drink. 

Human  
impact: 

Mostly toxic to humans working regularly with 
high levels of silicon.  
Otherwise seen as an essential substance for the 
human body and only toxic in drastically high 
amounts. 

Issues associated with tin are so-called “Dust 
Lung”, but with humble symptoms. It has not been 
clinically linked to cancer, and safety regulations 
are only in place for workers in contact with tin 
organic compounds which decidedly are more 
toxic. 

Environmental 
impact: 

Found within organic material in sediment in 
underwater environments.  
Lacking this compound is much more dangerous 
than having too much of it. 

Tin is difficult to solve, and therefore does not 
affect nature easily.  
Organic compounds of tin have proven to be more 
toxic than non-organic and have subsequently 
been prohibited for use in Sweden. 

 Titanium Vanadium 

Uses: For alloys, using titanium is desired since it has 
the ability to form tight and stable surface 
treatments. 
Titanium binds the carbon in the steel, making 
sure that the carbide cannot be depleted. 
This is useful to repel corrosion, even in 
aggressive environments, such as chloride 
saturated surroundings, like seawater.  
About 70% of the produced titanium metal is 
used for space-related purposes. 

Vanadium being used in steel is based around the 
fact that it can form stable carbides and nitrides.  
These are soluble in steel, and because of this 
become carbonitrides with carbon-nitrogen 
relationships.  
This is useful for hard-phases in steel, and to 
generate hardening in steel for distinguished 
particles. Steel using this remains hard even when 
heated. 

Human  
impact: 

It is not a highly allergic material and often used 
in surgical equipment and human implants. In the 
body, it is not easily absorbed by the tissue.  
It has been used in salves to heal damages from 
burns.  
The extraction of titanium is linked to health 
issues in the workers. 

Vanadium is classified as “probably” essential to 
the human body.  
Research does not support that there are risks of 
negative health effects on the population from 
vanadium.  
Dust from extraction has been linked to health 
issues for workers. 

Environmental 
impact: 

No clear evidence shows that titanium has 
biochemical functions. Possibly it is able to 
fixate nitrogen within symbiotic organisms and 
has a function within photosynthesis.  
It may affect the harvest of certain grains 
positively.  
 

Lack of vanadium has been proven to lessen 
reproductive abilities and stunt growth in smaller 
mammals.  
Spineless fish are more susceptible to too high 
levels of vanadium than regular fish and the 
substance is classified as toxic by international 
standards. 
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 Zinc   

Uses: Zinc is not used as a substance in steel alloys. It 
can be used as a surface treatment to protect steel 
from corrosion. Around 50% of the zinc 
produced is used in surface treatments, 15% is 
used in zinc alloys and 20% for brass alloys. 

 

Human  
impact: 

All beings require some reserve of zinc to live. 
The metal is needed to read the genetic code of 
DNA and RNA. It exists in all types of tissue in 
the body. Both too much and too low reserves of 
zinc can harm an organism.  

 

Environmental 
impact: 

Sour environments can cause zinc to become free 
form, accessible to biological functions and 
become a health risk to organisms. It is, however, 
hard to discern which risks are associated with 
zinc, as it is often emitted along with other 
compounds. 

 

   

 
 
The remaining elements which could not be found in Jernkontorets research were: Carbon, 
Magnesium, Nitrogen, Phosphorus, Sulfur, Thallium.  
 
These could be further explored in future research, but for the lack of a comprehensive 
trustworthy source to gather the information from, had to be excluded from the scope of 
this thesis. For the purposes of building a tool and exploring the research questions, it was 
sufficient to use the elements included in the Guide for Alloy Metals and Trace Elements in 
Steel by  Lagneborg & Waltersson (2004). 
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2.4.2 POLYMERS 

The polymers used today by ICOMP are the following groups of thermoplastics. 
 

Table 5: Polymer categories currently in use 

ABS EVA PA PBT PC 

PE PET PLA PMMA POM 

PTFE PP PS TPE WPC 

 
In the book User’s Guide to Plastic, author Bruder (2014, p.5-50) writes about different 
types of plastic materials, their chemical compounds, origins, as well as their 
environmental impacts. He begins by structuring the polymers into commonly used 
categories, as can be seen in the picture below. 

Figure 21: Polymers divided into categories. Inspired by: (Bruder 2014, p.6) 

Bruder then describes different methods of processing plastics, and benefits as well as 
disadvantages of using the different types.  
He references crosslinking between molecules in rubber and thermoset plastics binding the 
materials together to the extent that the material cannot be melted by normal methods. This 
is in contrast to thermoplastics, which are easily heated and molded. The materials used at 
ICOMP are with the exception of two rubbers, are exclusively thermoplastics.  
Bioplastics, based on starch and biomass are discussed by Bruder, who brings up different 
ways of manufacturing them. The categories are:  
 
● Biopolymers, naturally occurring in starch and cellulose.  
● Biobased Polymers, producing monomers through fermentation. (PLA) 
● Microorganisms, producing biobased polymers. (PHA) 
● Bioethanol and biomethanol, from the fermentation of biomass. (PE, PP, PVC, PS) 
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Bruder underlines the effects of plastics on the environment by writing: 
 
“That plastics can slow climate change by saving energy and reducing our emissions of 
greenhouse gases is [sic] not something we may instantly think of.” 

(Bruder 2014, p.47) 

He continues by showing examples of this, such as using plastics in airplanes and cars 
saves many kilos of extra weight, which as a consequence requires less fuel to power.  
Another example is packaging for shipping, where the plastic containers' lighter weights 
also require less fuel to transport. 
Bruder emphasizes the great system for recycling in Sweden, citing that at the time of the 
book's release, 28% of all plastic used in Sweden gets recycled, which is raised to 84% 
when PET bottles are concerned. Of the plastic which is recycled, he presents that 62% are 
burned for energy extraction, while 34% becomes new and useable material through 
mechanical or chemical recycling.  
For the guiding tool, a focus on if materials are recycled, virgin or bio-based would be 
implemented. 
 
After talking to plastic experts at IKEA, a prominent problem in plastic recycling is that 
there needs to be a large enough demand from organizations to motivate plastic recycling 
companies to expand their business to encompass more types of plastic. So if a company 
like ICOMP wished to influence what type of materials are available in recycled form, they 
would have to commit throughout the organization to use that type of plastic in all 
applications where it is possible, to possibly raise a sufficient demand for it. 
 
The current view at ICOMP seems to be focused on mechanical properties of the plastic. 
At IoS the common wisdom appeared as recycled plastics are preferable, but not 
bioplastics, since they are not currently recyclable.  
 
There are startups such as bioplasticrecycling.com (Bioplastic Recycling, 2019)  might be 
the pioneers at changing this fact and turning recycled bioplastics into a highly viable 
future for material selection. Currently, it is not the case, and designers have to make the 
choice between fossil-based plastics, biobased plastics, and recycled fossil-based plastics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22: Timeline of PLA vs. timeline of PET life cycles. (Bioplastic Recycling, 2019) 
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2.5   SCI AND CRITICALITY ASSESSMENT 

Could using Sustainability Compliance Index and Criticality Assessment be beneficial? 
 
Sustainability Compliance Index, shortened as SCI, is a strategic tool that can be used to 
evaluate materials in the product innovation process.  
In Sustainability criteria and sustainability compliance index for decision support in 
product development author Sophie Hallstedt (2017) presents an approach for how to 
identify sustainability criteria and then use a scoring system to compare factors to these 
requirements. The objective would be to get a comparison between materials to ease the 
process of making sustainable choices in early product development phases.  
 
Using sustainability principles, as well as sustainable development principles, the 
researcher has to grade each decision with a score, based on how well the material fulfills 
the criteria in focus. A material needs to fulfill every requirement for grades below the 
grade they recieve. 
In the picture below, a generic SCI scale explaining the ratings can be seen (Hallstedt & 
Isaksson, 2017). Followed by an example from Hallstedt (2017) of sustainability aspects 
led by the two first sustainability principles. 

Figure 23: A SCI scale & example matrix for two sustainability principles.  
(Hallstedt, 2015, Hallstedt & Isaksson 2017) 
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In the article by Hallstedt & Isaksson (2017) called Material criticality assessment in early 
phases of sustainable product development, the authors discuss the importance of selecting 
the correct material for production, upkeep, and end of life.  
They describe the dilemma of having to make decisions early, when the information about 
the product is limited. To remedy this, the authors provide guidance on how to use material 
criticality assessment to make decisions based on the availability of the materials, as well 
as sustainability. 
 
The method for assessing this can be seen in the picture below. 
 

 
 

Figure 24: Aspects to cover when assessing criticality. (Hallstedt & Isaksson 2017) 

 
Based on the gathered information about the strategies, the conclusion is drawn that using 
SCI and criticality assessment for an overlook page of the guiding tool would be a great 
implementation for the finalized tool. It is not realistic to do it for the complete list of 
hundreds of materials.  
Instead it could be done thoroughly for a few substances of multiple types, to give an easy 
comparison and increase the user-friendliness of the tool. The subject of criticality was 
researched more in detail in the literature study and presented in the result section. 
 
For the prototype, the basic idea of an SCI scoring system could be presented, to provide 
the users with the correct experience and get feedback on how to design it, until the tool is 
finalized. 
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3  METHOD 
 
This section seeks to explain the choice of methodology for investigating the researched 
subject and perform the study. First, a description of the method used for the literature 
review, then the methodology of the case study, steps taken in creating the tool and 
investigating materials. After this, the on-site data collection and the semi-structured 
interviews set up for evaluating the tool.  

3.1   WORK PROCESS 

In the book The Research Handbook, author Martyn Denscombe (2009, p. 412) describes 
the most essential content for the introduction of a report as presenting the background, 
purpose and important definitions for the work, followed by an overview mapping the 
process of the research. In the case of the thesis, the process is instead placed to initialize 
the methodology chapter of the thesis. 
The process of this thesis is presented in the block diagram below.   

Figure 25: Workflow illustrated as a block diagram. 
This process, illustrated in the block diagram, is displaying how the research was split into 
three categories which were explored in tandem. The first was the studies of literature, 
where the subjects from the introduction and theory chapters were researched.  
The second category was the case study, done on location in Älmhult. This is explored 
further in the method and result chapters, presenting how the study was conducted and 
what the outcome was. 
The third was analyzing the results of the case study in the context of the literature. This is 
presented in the discussion and conclusions. 
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The first section of the results was exploring the ABCD method to decide how the tool was 
to be designed.  
It consisted of evaluating and picking the SDGs which were the most relevant to this 
research. Then using FSSD imagine a five-level framework to create a vision of success 
and a way to reach it. After this, a solutions was chosen to reach for the vision. This is 
described further in section 3.3, Creating the Tool. 
 
The case study is explored in the sections 3.4, On-site Data Collection, as well as, 3.5, 
Evaluating The Tool. 
During the observations, an estimated 20 experts were met, some on multiple occasions.  
For the duration of the thesis, ICOMP supplied compensation for travel expenses, a 
personal computer and means of local transportation within Älmhult in the form of a 
bicycle. 
 
The subprocess of gathering the knowledge to analyze the sustainability criteria, which 
was a focal point of the work is illustrated in figure 26 to provide an easy overview of that 
area of the report.  
The global goals were selected, then used in FSSD through the ABCD method. Material 
lists were compiled, alloys scrutinized for their contents, mechanical properties found for 
each material. The tool was designed, and tested in interviews.  
Finally, emission factors were added, toxicity analysis done, and criticality assessment 
presented as a path for future research. 
 

 Figure 26: The process to answer the research questions. 
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3.2   CASE STUDY 
The methodology used for the case study was guided by descriptions of how to do it from 
The Research Handbook, (Denscombe 2009, p.59-73) which brings up a case study’s 
defining traits, what to keep in mind, when it is suitable to use, as well as its limits and 
advantages. 
The characteristics of a case study are to do in-depth research rather than all-encompassing 
wide research, as well as focusing on the process rather than the result, in natural 
environments rather than forced situations, and using multiple methods of research. An 
aspect of importance is to clearly motivate why the case was chosen for this particular 
study. 
The reason why a case study was chosen as the method of investigation for this thesis is 
that a detailed-oriented approach was deemed suitable to answer the research questions. 
This enabled a deep dive into the company vision and its culture which aided in designing 
the tool in an advantageous way for constructors with that type of company’s mindset. The 
type of case study which was chosen was illustrative, which in principle uses the case 
study to bring attention to how a particular theory can be used in a real setting.  
 
 A good case study will describe the process of getting to the final results and thoroughly 
explore what processes influenced these along the way. In the case of this thesis, it was 
investigated in meetings with multiple people at various positions at the location in 
Älmhult. These meetings influenced the design and content of the final guidance tool and 
brought in expertise from material experts, recycling specialists, sustainability team 
members, and more.  
   The nature of the case study invites the use of multiple methods when researching, such 
as observations and semi-structured interviews, which were carried out on location in 
Älmhult, as well as collecting documents from official meetings.  
   Limitations of a case study are that the chosen borders must be distinct to define the case, 
here the limits are decided by what is contained within the chosen company. The 
advantages of using a case study method are that many methods can be used, the 
researching efforts can be concentrated to a certain place, and the researcher can include 
subtle details in their analysis and have a holistic viewpoint. Some disadvantages to using a 
case study are that generalizations made based on the research can be critiqued, the people 
and locations needed can be hard to get access to, and there is a risk of deviating behavior 
because of awareness of being observed. 
 
The reason why IKEA Components AB became the case of study was that the company 
requested an investigative study concerning their enterprise. The organization was seen as 
a fitting choice for a case study because it is a stable company, established in 1984, which 
will persist after the completion of the study and is not examined in an unnatural state.  
 
   The number of employees was recorded as 240 in 2017 (Largestcompanies, 2017), which 
can be viewed as a company of significant size, but where a reasonable part of the 
employed engineers had the opportunity to influence the study and be a part of the 
recorded process. The company is a typical furniture component manufacturing company 
and can be counted as one among many companies of this type, which is argued by 
detailing how this company compares to others in this group. This justification is used to 
draw generalizing conclusions based on the case study. 
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3.3   CREATING THE TOOL 

What steps were taken to create the tool and what became of it? 
 
ICOMP presented a list in the form of an excel spreadsheet with 
mixed materials of polymers, metals, wood, and others. The 
names and groups of metals were presented as one name, so they 
first had to be separated. To the left, an example of the name 
column in the first list of materials can be seen. 
 
After the metals and polymers were separated and the rest of the 
materials discarded, a sorting process began. 
This was to remove materials with nonspecific names, such as 
simply “aluminum”, as well as doubles of the same material. In 
this step materials which could not be found in the Total Materia 
database with the name or description they presented were 
removed.  
 
Figure 27: An excerpt of the first material list. 
 
The next step was to remove all extra materials in the list with 

differences in only T-number, since that means they simply differ in the diameter of the 
thread, which is irrelevant to investigating their environmental impact in regards to what 
they contain. The materials listed with a different standard than the EN-standard, such as 
BS or ISO was converted into EN using the Global Aluminum Alloy Conversion Chart 
(MES, 2015). 
 
For copper, a suitable copper alloy was chosen as an example of a typical alloy for the tool, 
since none was specified. All alloys of zinc were named as Zamak, the most common 
Zinc-Aluminium alloy, since the names given for the alloys were pseudonyms. This 
excluded one alloy, which one source classified as Zamak as well, but could not be backed 
up elsewhere. The original lists of metals and polymers were collected from ICOMPS's 
current system for materials, PLUS. 
 
Using the database totalmateria.com from Key to Metals AG (2019) to record the 
composition of every alloy metal used for the component objects ICOMP currently 
distributes. The results were a text string of percentages and element abbreviations for each 
material. Using the periodic table to translate the abbreviations, the result was the elements 
and trace substances explored in the theory chapter of material studies, metals.  
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Figure 28: How totalmateria.com displays chemical composition. (Total Materia, 2019) 

Figure 29: One of multiple material parameters for one material.  (Total Materia, 2019) 
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Figure 30: More parameters for a material at different temperatures. (Total Materia, 2019) 

 
 
As the tool would be intended to handle large quantities of materials with many properties, 
it seemed suitable to create the tool in excel form. This way, the users would not need to 
download a new program just to run the tool, it can be improved by people with more 
experience of the program as it is a basic program many are familiar with. The well-known 
format would not scare users away. 
 
The excel file was created in google docs for flexibility, and the categories for the tool 
were chosen. These were at the start: Intro, Metal, and Polymer, but were later expanded 
with a tab for the overlook, where both polymer and metals, as well as other substances, 
could be compared for simple tasks and purposes of overview. 
In the alpha edition, three sections were created. One page for the list of metals, with a 
column for their current use, as well as a column for their contained elements one for all 
metals, and the intro was intended as a step by step guide for how the tool is to be used 
both to search for materials, as well as for adding more materials to the tool in the future.  
 
The steel list was at first planned to be categorized in groups as it was in the polymer 
section. Problems arose when the metals were inspected further and no meaningful 
division could be done.  
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Dividing the materials into different categories was a big focus at the beginning, and a few 
different options were brainstormed, but it was lost time. In the end, it proved pointless and 
analyzing all or none was the only option. So all materials were included in the tool, every 
single one got its mechanical properties and emission factor. Since the steel was very 
limited in the emission factor document compared to the full 117 number long list of used 
steels, many ended up with the same emission factors, and the main separation between 
them was the components in their alloys, which could be analyzed. 
 
The resulting set of mechanical properties were “EN Names, Given names, Uses, Group, 
Type, Form, Purpose E-Modulus, Poisson's, Density, Yield Stress, Yield Stress, Tensile 
stress, Tensile stress, Elongation, Info, Elements” These are all functional to sort the tool 
after the entire system was built around them. More information is found in the results 
section, where the tool and its categories can be seen, as well as in figure 27. 

Figure 31: Name, group, uses and full name categories in the plastic part of the tool. 
 

The number category was created as practicality, to sort the list if it became 
scrambled in the filter. It is recommended to sort this column from A → Z after 
activating the filter.  

The group category was intended as an aid to affiliate new materials with each other, 
mostly helpful to a designer who might be unfamiliar with a specific material. 

Uses records the, at the time of creating the column, current uses of each material in real-
life products. This was based on how many parts it has been connected to, taken from the 
PLUS database. 

The name category is composed of the abbreviations in the database currently in use by the 
design and requirement engineers, with the entire name of the polymer written out in the 
full name category. 
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The data for the mechanical section was collected from the webpage totalmateria.com, 
distributed by Key to Metals AG (2019). For every single material, an EN name was 
found, with a group, based in this, the forms the steel comes in, the type, as well as 
possible uses, were recorded in the tool. 
the standard used when selecting material data is the EN standard. 
    
The mechanical properties used were , E-Modulus, Possion's, Density, Yield Stress, Yield 
Stress, Tensile stress, Tensile stress, Elongation. 

 
Poisson's ratio was chosen as 0.3 in cases where it was unspecified between 0.27 and 0.3 
This decision was made so that the filter function would work correctly. In cases where 
only one condition was given, it was considered as both the lower and upper limits. 
Therefore the number is the same in both columns for the highest and lowest value 
Their material properties were recorded based on the available info, the design process of 
the tool began and were continued through meetings with experts and as more information 
was gathered. Semi-structured interviews were conducted with design and requirement 
engineers to evaluate the usefulness of the alfa version of the tool.  
 
More information became available such as emission factors to evaluate every material’s 
greenhouse gas (GHG) emission.  
The sustainability properties were added as emission factors from an internal ICOMP 
document, IKEA Database - Carbon | Water | Land Use, composed of emission factors 
calculated by a Swiss company called Quantis (2018). The documents supplies data for 
materials, processing and a total factor based on both. An emission factor is unitless and 
used to calculate the total emissions from a specific activity.  
For the emission factors used in the tool, the material factor was used, and the reference 
number added to a separate column in the tool to make corrections and possible later 
changes easier. 
 
Future improvements are a toxicity analysis based on the information in the theory chapter, 
of the components of the alloys and a criticality assessment of the different substances. 
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3.4   ON-SITE DATA COLLECTION 

In what ways were the case company a contributing factor to the design of the solution? 
An estimated 2 days per week for the duration of 15 weeks were spent at the location in 
Älmhult. The working conditions and methods of operation for the designers were 
observed and many meetings with employees at different branches of ICOMP as well as 
IoS were continually taking place.  
 
These visits were crucial to gather knowledge about the company values, how its systems 
work and identify people with expertise of high importance to this thesis who could assist 
in collecting documents with essential information. This was for instance emission factors 
connected to certain materials, powerpoints explaining the IKEA way and people & planet, 
positive plans for the next decades, or a draft of suitable subgroups for the polymers. 
 
A look into the different departments at ICOMP made it clear which people were vital to 
have meetings with for this research. These were experts within sustainable strategies, 
recycling plastics, properties of metal and plastics, computational software for 
sustainability simulations, leaders of engineer teams and communication specialists.  
For instance, some could provide knowledge of the system PLUS where the material lists 
were kept, or advice in which mechanical properties were a necessity to include, others 
discussed sustainability strategies and contributed in brainstorming possible uses for-, 
alternative designs of- and additions to- the tool.  

3.5   EVALUATING THE TOOL 

How could the created material selection guide be validated by the users? 
The method chosen for the evaluation of the beta version of the tool was through 
interviews conducted at the location of the case company in Älmhult, Sweden. This was 
selected to get free thoughts and feedback directly from the users, useful to develop the 
prototype further. Another reason was to observe the designers' interactions with the tool, 
to know what to improve in the user-friendliness to provide better guidance. 
 
In The Research Handbook Denscombe (2009, p.231-234) describes how to conduct 
interviews, like a conversation where the researcher decides the topics for the agenda, there 
needs to be expressed consent both for the conversation to take place, as well as for the 
interviewee’s replies to be recorded. He emphasizes that the effectiveness of the interview 
as a tool is in sharply detecting subtle details, rather than simply collecting information. 
 
The form of interviews was semi-structured, with a list of questions as subjects which were 
to be discussed. It was free form in that the interviewees were allowed to express other 
sentiments and feedback which weren’t necessarily answers while exploring the tool, and 
discussing the topics with the interviewer. 
The questions were based on evaluation questions from a SAM4SIP-validation form of 
questions made for an investigation into critical substances (Schulte & Hallstedt, 2018) and 
modified to suit the situation and encompass what was needed to answer the research 
questions of the thesis. The final questionnaire can be found in appendix A. 
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3.6   LITERATURE REVIEW 

What is a literature review, why was it done in this thesis, and how was it done? 
 
The literature review was intended to solidify and outline the knowledge gap this thesis 
could close. The methodology used for the literature review was based on the guiding 
document Doing a Literature Review (Thomas & Hodges 2010). It describes different 
types of literature reviews, what mindset to use for the scope of the search and for 
appraising the results, how to utilize keywords and electronic databases for the review, as 
well as guiding the writing process. 
 
Doing a literature review as part of this thesis was useful to gather information about 
common perspectives in the world of scientific research is when it comes to the concept of 
sustainable material selection. The goal was to create a basis to be able to motivate the 
choices made for the development of a guiding tool, which was the aim of the practical 
part of the results.  
It aimed to find what conclusions there were to draw to answer the research questions,  
about how to ease the process of material selection, what criteria could be motivated as 
most relevant and how to develop a tool for the purpose of guiding designers.  
 
A database for literature was selected, Scopus. The review was then initiated by setting the 
scope for the review and choosing keywords to begin the search. The column to the right 
of the search was created to displays the number of viewable results the search yielded. 
After screening the results with increasingly more specific search terms and criteria until a 
low amount of results for the search remained, the next step was to skim the summaries of 
these articles to judge based on set criteria if these fit with the research or not.  
 
The criteria were at the first level: The research must be written in English, available 
through the Scopus database, published in the past 10 years, full-text sources only. 
The second level of screening the results was: Must be closely related to the subject of 
research, contain new information, have a clear focus on sustainability. 
 
If the summary was of use, the full text was read and added as part of the narrative to the 
review. The result and search terms are presented in the theory section. 
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4  RESULTS 
 
This section begins with selecting suitable SDG’s followed by an FSSD plan combined 
with ABCD. The results of the literature study are then displayed. The section presents the 
functions and design of the working prototype guidance tool for material selection, a short 
description of the handbook for the tool, as well as summarizing the result of the 
performed interviews with possible pitfalls, suggestions for improvements and the testers 
scoring for specific benefits of the tool. 

4.1   GLOBAL SUSTAINABLE DEVELOPMENT GOALS  

Which goals would this sustainable research be in service of? 
 
To be certain of what vision of the future should be developed in the FSSD the first step 
was to decide which global sustainable development goals would serve as guidelines.  
The first goal which stood out as highly relevant was: 
 
★ 9 industry, innovation, and infrastructure. 

Since this thesis to a large degree concerns innovation and 
industry. The next considerably relevant criterium was 
number: 
  
★ 11 sustainable cities and communities.  

As people living in these places are the primary consumers 
of the products and would be affected by changes.  
The next highly significant selected criteria was number: 
 
★ 12 Responsible Consumption and Production. 

This is what is desired of the users of ICOMP’s products. 
A very general goal, applicable to this situation is: 
 
★ 13 Climate Action. 

Since the objectives of this thesis are tightly linked with 
inspiring positive climate actions. 
Slightly less self-explanatory, but still significant are: 
 
★ 14 Life below water. 

As well as the similar but location wise different goal:  
Figure 32: The SDGs. (global goals, 2015) 

★ 15 Life on land. 
Because of how the sustainability criteria and subsequent change in design choices might 
involve water consumption and land use, as well as GHG emissions and toxic leakages 
which affect both. 
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4.2   FSSD THROUGH ABCD 
How can the 5LF be applied for this particular case study and what is the outcome? 
 
A company can apply the FSSD by using ABCD methodology. Robèrt et. al (2012 p.59) 
writes in the Sustainability Handbook that this process can be used to trigger creativity for 
the employees. It can be a checklist to use for planning and is most effective when its 
regularly repeated to form habits. Robèrt et al. write that the first step should include the 
sustainability principles, current values, and goals, which in this case are the objectives of 
the thesis as well as ICOMPS vision for the future.   

Figure 33: FSSD applied through ABCD. Inspired by: (The Natural Step, 2011) 

 
Starting with a vision for the A step, setting out to integrate current values in the imagined 
future. Based on these chosen global development goals, as well as the ICOMP plan, based 
around circularity and democratic design, and objectives of this thesis, for instance: easing 
the process of sustainable material selection, finding relevant sustainability criteria, 
developing a support tool. To incorporate these steps and combine them, a vision statement 
is suitable. Business Dictionary (2019) defines a vision statement as: 
 
“An aspirational description of what an organization would like to achieve or accomplish 
in the mid-term or long-term future. It is intended to serves as a clear guide for choosing 
current and future courses of action.”  

Business Dictionary (2019) 
 
Creating such a statement would serve as an indicator of what success is defined as in this 
case. It needs to be concise, unmistakable, with defined time frame, challenging and 
encompass all the goals. A vision statement based on the aforementioned objectives and 
aspirations could, in this case, be formulated as: 
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A strategy or system for material selection emerging from this report, assisting in 
circularity and conforming to democratic design.  
This system would be a climate action to alleviate the sustainability challenges below 
water and on land, and inspire the industry to innovate for responsible consumption and 
production in communities and cities. 
Aspiring to decrease extracted substances from the earth, not increase concentrations of 
man-made substances in nature, not degrade nature, and not be a systematic obstacle for 
any human need. 

- Vision Statement 

This is followed by the B step corresponding to the system level of FSSD, assessing the 
current reality. For the case of ICOMP, this reality is that separate parts of the company are 
using different tools, and basing their selections off of different parameters.  
For instance, some designers at Engineering, Quality and Requirements (EQR) at ICOMP 
might mostly be looking at the form, function, and quality of the parts, while an employee 
at a position of buying material in Range and Supply (R&S) might be focused on the price, 
and at IKEA of Sweden (IoS), material experts might be focused on the sustainability 
through recyclability of the plastic. The main sustainability considerations which would be 
focused on are carbon dioxide and other GHG equivalents, as well as recycling. This as the 
B-step could be the basis for improvement to reach the vision. 
 
For the next step, C, corresponding to the action and tools step of FSSD, some solutions to 
reach from the current reality towards the vision should be brainstormed. In the case of this 
thesis, possible alternatives could be seen in the table below. 

Table 6: Step C of the ABCD analysis. 

Eco-Innovation End of life Analysis Life Cycle Analysis Excel Tool 

Flow Chart Maslow's hierarchy Waste Hierarchy Literature Study 

Mindmap Sustainability 
Compliance index 

Material Study Business Case 

Related Resources Circles of 
Sustainability 

Vision Deep Dive Criticality Assessment

Table 7: Step D of the ABCD analysis. 

Eco-Innovation End of life Analysis Life Cycle Analysis Excel Tool 

Flow Chart Maslow's hierarchy Waste Hierarchy Literature Study 

Mindmap Sustainability 
Compliance index 

Material Study Business Case 

Related Resources Circles of 
Sustainability 

Vision Deep Dive Criticality Assessment

The last step is what corresponds to the strategy step of FSSD, which is the part where 
solutions from the C step are picked to reach towards the vision from step A. To illustrate 
this, the selected solutions are colored green.  
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4.3   LITERATURE STUDY RESULTS 

What was the result of the literature study? 
 

The choice to do a literature review was made to identify key information relevant to the 
research topic. It was relevant to assess the status of existing research to find how this 
research could contribute to the field, and explore which methods are used by others in 
similar situations, to find the core of the issue.  
 
The study was done with the aim to identify topics to focus on and highlight issues that 
needed further research within the field of sustainability and in particular the criticality of 
materials, since data for that aspect is relatively recent and is difficult to find in books. 
Before the study began, some possible keywords were decided as: material selection, 
sustainability, criticality, energy use, GHG, emissions, circularity. In the end, all were not 
necessary to find suitable articles. 
 
Conditions were language, ”English” and published 2009-2020. 
 

Table 8: Literature search result figures 

#1 material or selection 
 

2,677,415 (547,761) 

#2 sustainability  
 

30,438 (122,298) 

#3 #1 and #2 
 

4,030 (18,543) 

#4 criticality 
 

2,209 (12,346) 

#5 #3 and #4 
 

16 (67) 

 
After having done this filtering, the results were few enough to be examined by reading the 
titles, then abstracts of the articles, the most relevant articles were read and two were 
selected as suitable for the topic and reviewed on the next page. 
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First Review  
A framework and decision support tool for improving value chain resilience to critical 
materials in manufacturing (Gardner & Colwill, 2018) 

This article is 20 pages in length. Its purpose is to explore critical materials, defined as 
“when the risk of supply shortage and their impacts on the economy are higher compared 
with most of the other raw materials”. Why they are of importance, how to provide a 
support tool for product development within a sustainability resilient organization. The 
main topics are what critical materials are defined as, providing a design for the guiding 
tool, using systematic approaches. It concludes with suggestions for how this tool can be 
implemented and applied. 

The article displays how a framework can be suggested, conceptualized and prototyped 
for the use of multiple organizations. The framework they suggest is a flowchart of 
iterative goal setting, using critical material databases to assess risk, analyzing the result 
and using trigger points to mitigate the decisions. Comparing it to the tool being 
produced in this thesis, it is not the same type of guidance, but more of a workflow to 
follow. This strategy is perceived by the author of this thesis as viable so long as the data 
the organization needs to follow the flow can be found elsewhere. 

 

Second Review  
Criticality of metals and metalloids. (Graedela et al., 2015) 

This article is 6 pages long. It sets out to characterize 62 materials to assess which 
materials are critical, and it does so by displaying which are most often used, how to 
assess the risk of critical substances. They do this by presenting a methodology to judge 
criticality on a moderate or long term time scale, meaning between 5-10 years or 10-50. 
This method is used for supply risks and restrictions as well as environmental 
implications and accounting for geopolitical production. Analyzing both human health, 
ecosystems, as well as substitutes, depletion time and more. One takeaway is that the 
rising demand for materials used in modern electronic products is making those materials 
critical. The authors have graded 62 metals on 30 criteria to find what deem are the most 
critical and illustrated it by colors using the periodic table. 

The article is an example of a beautifully illustrated result, where the criticality of the 
materials are found logically and by motivated factors. Using a method such as the one 
used in the article would appear to be very appropriate for a limited number of the 
materials used by the case company in this thesis. It could be useful to keep in mind for 
the final version. 
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4.4   PRESENTING THE TOOL 

What has been created as an attempt to answer the objectives of this research? 
 

The current version of the tool was created in google excel, to utilize the filter function and 
flexibility of being able to improve it from any location. The downside of using this 
version of excel is the loss of functions the more complete version of the program has to 
offer, such as sorting categories by using buttons.  
This is not a feature set in stone, as the tool will be used in a downloaded excel version, 
and can be modified later with more functionality to better suit the new format.  

4.4.1 POLYMERS 

Figure 34: An overlook of the plastic categories in the tool. 
 

The picture above displays the structure of the plastics division of the tool. The categories 
will be explained in further detail.  
They are as follows: a general section, displaying the full name, the normally used name, 
group and current use of the material as displayed in IKEA Components ABs material 
database PLUS. A placeholder category for the price, mechanical properties, sustainability 
properties based on available data for emission factors, with reference numbers.  
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Figure 35: The property comparison and price indication categories of the polymer tab. 

 
Origins of the materials were based on if they were virgin or recycled, as well as if they 
were based on fossil oils or bio-based. Out of the 14 bio-based or recycled materials 
included in the tool, only 4 had been used in some capacity by ICOMP. Together the 
currently used recycled or bio-based materials made up 104 cases out of the 10 727 parts 
currently recorded in the tool from the database PLUS.  
 
The selection of fossil-based, recycled and bio-based materials, as well as the section of 
comparisons between the materials, came from an internal pdf document (IKEA IoS, 2018) 
on the topic of sustainable plastics, called Plastic Material Selection Guide. The numbers 
are a comparison between the materials in the document, scoring them based on: Good 
Chemical Resistance, Heat resistance < 100oC, Good Impact Resistance, High Stiffness, 
Good Transparency, Good Outdoor Resistance, Low Friction and Good Scratch 
Resistance. 
The list only covered the basic forms of a limited number of polymers, so to complete the 
section some decisions had to be made of which materials would be similar enough to have 
the same properties. Those who could not be linked to other materials were left blank. The 
price category is a placeholder to show the functionality until data is available. 
 
The similar materials who inherited the same scores as others in their group will need to be 
reviewed by an expert to make sure they are correct before the finalized version of the tool 
can be used by designers to make their material selections. 
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Figure 36: Mechanical and sustainability categories in the plastic part of the tool. 

 
The mechanical properties of the prototype for the polymer part of the tool were illustrated 
in orange and included: 
 
● Applications 
● Yield Stress,  
● Yield Strain 
● Stiffness 
● Density 

 
The full list of polymers included in the tool can be found in appendix B of the report. 

54 



 

4.4.2 METALS 

 
Figure 37: Part of the mechanical division of the steel category in the tool. 

 
Showing the EU name, common name, uses at ICOMP, type of steel, available shapes, 
purposes for use. 
    
The mechanical properties used were: 

● E-Modulus:  (GPa) 
● Possion's, ν:  
● Density, ρ:  (Kg/dm3) 
● Yield Stress, Rp0,2: (MPa) 
● Yield Stress, Rp0,2: (MPa) 
● Tensile stress, Rm: (MPa) 
● Tensile stress, Rm: (MPa) 
● Elongation, A:  (%) 

 

55 



 

 
Figure 38: Zoomed in on tiny workarounds for the tool  

 
Some desired functions weren’t possible to create in google excel, so to remedy this some 
adjustments had to be made to make the tool useable. 
  
Bold and orange text on a number means that the number is the lowest acceptable value, 
according to the database, since using > wasn’t possible to do with the filter function. The 
same problem existed for: 
Bold and blue text on a number means that the number is the highest acceptable value 
since < wasn’t possible with the filter function. 
 
Purple colored frame means that something can be observed in a comment about the 
number in question, viewable by holding the mouse pointer over that number.  
This was most often that a lot of values were available for that particular number in 
question, and to not make a mistake, all numbers were included as a comment, with the 
most relevant one being written in the box. Often this could mean selecting the value 
matching room temperature.  
 
The * asterisk instead of a number meant that there is special information for this particular 
material, and holding the mouse over an asterisk will show a comment about the 
difference. This was most often that elongation was switched with a reduction of area for a 
part of the materials, and creating a new column when this value was either one or the 
other seemed unnecessary. 
 
The Yes or No column displays if there is or is not any extra information are to be found at 
totalmateria.com about every single material. On every Y or N, there is a comment 
informing the user about what information can be found on the webpage. 
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The picture to the left shows 
the three smaller categories 
apart from steel in the metal 
section.  
 
Just like the plastic section, 
the first category is meant for 
sorting, followed by names, 
the uses, and the group. The 
names, in this case, are EU 
Names, found as matches to 
the commonly used names 
through the database 
totalmateria.com where most 
of the mechanical material 
data were found. 
 
 
Figure 39: Categories in the 

metal part of the tool 

Figure 40: How the sustainability parameters were visualized in the first versions 
 
The sustainability parametres of the tool were illustrated according to an SCI. Scoring the 
different parameters and summarizing them to a total score. The two versions show two 
different design suggestions for how to illustrate sustainability within the tool.  
The same emission factors as were used in the plastic section were implemented instead of 
placeholder numbers for sustainability in the metal section as well.  
 

The full list of the metals included in the tool can be found in appendix C of the report. 
Along with a true overlook picture of all the mechanical section of the steel in the tool. 
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4.5   TOOL HANDBOOK 

A suggestion from the interviews was to create a handbook that could be downloaded at 
the same time as the tool, from a server, and contain the basic steps to using the tool. The 
reasoning was that it would be helpful, as there would be no need to switch between the 
sheets constantly to see what the next step was or to understand what the categories within 
the tool represented.  
 
When the idea had been introduced it was decided to use both a pdf and a powerpoint 
format, to provide more options for the users’ individual preferences. 
 

 
Figure 41: The handbook cover page 

 
This guide was created as a powerpoint and contained the same information as the 
introductory page of the tool. A guide on what to find on the overview page of the tool, 
how to use the filter functions, what certain aspects of the tool were for and why it was 
designed the way it was. The handbook was created in the middle of the interviews, to get 
feedback on what the remaining designers wanted to see in it and observe if they wanted to 
use if when presented with the opportunity. 
 
The result was that the designers who had the handbook available looked at the pages 
briefly, and then continued exploring the tool and asking questions as they went along. The 
handbook appeared to be more of use when there was no person around with knowledge of 
the tool who could explain the functions when it was needed. Although this fact was not 
proven, but solely an observation. 
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This section explains how to use the tool: 
 

If, for instance, a design or requirement 
engineer would like to search for a material 
within the Brass and Copper category they 
would begin by scrolling to this section in 
the tool. 
 
The next step would be to activate the filter 
view function using the arrow next to the 
icon at the top of the document. 
If the icon is pressed instead, the file will 
try to add a new filter, which is not what 
the user wants to do, so hitting the arrow is 
necessary. 
 
Following this, the user would select the 
material they wish to search within. In this 
example, this would be the Brass and 
Copper section. The system of selecting 
one is necessary to get meaningful results. 
 
After selecting the appropriate 
category, it is recommended to sort the 
number category from A → Z, in case 
the order of the materials has been 
scrambled from previous searches. If 
the number category already is correct, 
this step is skipped. 
 
To then sort and search in the parameters 
of importance, the three lines in that 
column is pressed, to choose a condition or 
to sort the materials based on their values 
from bottom to top or vice versa by using  
A → Z or Z → A. 
 
If a condition is the preferred search query, 
the user has the options of: “more than”, 
“less than”, “equals to”, “not equal to”, 
“between” or “not between”. In the picture, 
an example of between is selected, which 
allows the user to enter two values that the 
parameter value should comply with. 
 

 
Figure 42: Zoomed in pictures of functions in the tool. 
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4.6   EVALUATION THROUGH INTERVIEWS 

What were the results of doing the interviews and how can it be illustrated? 

4.6.1 PROCESS 
In this case study the design and requirement engineers, whos methods of working were 
previously observed to begin the creation of the tool, were the most natural choice to get 
feedback from. The tests of the tool were conducted at IKEA Components AB in Älmhult 
in individual meetings. This was carried out was through semi-structured interviews which 
have been described in the methods section.  
The tool was tested by members of the development team who make design and material 
choices in the process of developing new products. Feedback came through questions 
during and after the tool was explored freely. The questionnaire form can be viewed in 
appendix A, and are summed up in this section. 
 
The interviewees were presented with the tool. The first section was simply presented with 
the tool and had to read the instructions on their own to begin using it. This was to explore 
the user experience and what level of difficulty it was for the engineers to make material 
selections with the tool without a human guiding them through every step.  
The middle block of the interviewees was read the instructions before getting to the point 
of freely exploring the functions and asking questions as they pleased. 
The last group of designers was presented with the powerpoint so they would not have to 
tab between the sheets, as well as having the tool explained to them beforehand and during 
the exploration phase.  

4.6.2 CURRENT DATA AND DISADVANTAGES 
First, some comments about the current level of sustainability-related resource knowledge:   

● Sustainability data on the materials were commonly seen as usually being hard to 
find, and therefore not included in their way of working. 

● One said that there currently are no recommendations for which resources to use. 
Some responded that they had minimal or no knowledge of any databases for 
finding sustainability data.  

● One responded that they went by “recycled is better” and that was the extent of 
their considerations. 

● The tool was seen by most testers as useful to get an overview of sustainability 
properties between the materials. 

Disadvantages which were brought up are summarized as: 

● Multiple people pointed out that the tool was useable only for so long as it stayed 
updated, and could become a disadvantage if that was not the case. 

● The information has to be objective because positives come with some negatives. 

● One person felt the scoring system could make two materials seem too similar. 

Some respondents said that they saw no disadvantages to using the tool and more 
responded that it would bring more insight to use it, especially when compared to using 
nothing.
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4.6.3 SUGGESTIONS AND SCORING 
To continue, some suggestions for improvements to the tool which was brought up: 

● The answers to the questions showed that multiple of the testers wanted a different 
color scheme for the SCI, something more easy on the eyes to look at. Others 
wanted a clear separation of green and red to show what was good or bad.  

● Using red text to mark what components of an alloy were harmful was suggested. 

● A change from using the filter function was requested, as it was seen as hard to 
understand. A reset button was requested to set the tool back to its starting point. 

● Some indication of the cost of materials was desired as a column from multiple 
testers. Two testers motivated this by saying that they would also be able to make 
economic judgements, so that their sustainable suggestions won’t be changed later 
by those working in purchases. 

● The origin of the materials was highly requested, with one tester explaining that to 
know if a manufacturer is even able to use a specific material they have 
recommended or set as a criterion, they need to know where it is available to buy. 

● Using an index 100 standard to base comparisons of materials around was a 
suggestion for a strategy. Another said the same, with the addition that it was 
absolutely necessary to know clearly what the materials were compared against. 

● An even clearer overlook which compared both metal and plastics to each other 
was requested.  

● There was a suggestion that only one person should be responsible for the tool, to 
make sure the data stays relevant and no misinformation is added. 

● The new version of the tool which isn’t based on google excel sheets should be 
added to the toolbox on the inter IKEA server, so all can find it. 

● Searching for two materials and comparing just them to each other would be useful. 

● Being able to pin the names of the materials to the side of the screen would be 
helpful when side-scrolling in the tool to see more parameters. 

● For the future, one tester hoped that more parts of the manufacturing chain and 
social sustainability would be what IKEA judges their manufacturers by.  

● A request for a pdf version of the instructions was made and said to be helpful. 

Some responded that the tool was already useful to them as the current prototype version. 
Another added that it was clear and practical to use, and that you easily get a good material 
if the mechanical properties can be trusted when you search with it. 
 
When asked to rank the prototype on how beneficial it in their opinion would be for 
different purposes, the interviewees responded accordingly with the poll seen in the picture 
on the next page. 
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Figure 43: Results from the scoring of the prototype 
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5  ANALYSIS AND DISCUSSION 
 
This section analyses the results displayed in the previous section and theorizes about what 
may be deduced from the results. This section discusses the meaningfulness and reliability 
of the results, reflecting on what has been proven, its relevance to the stated objectives of 
the thesis as well as possible threats to validity. 

5.1   THEORETICAL ANALYSIS 

What knowledge did the research of the introduction and theory lend and to what end?  
Outlining what sustainable development is defined as, highlighting key concepts such as 
the funnel metaphor and global development goals was a welcome repetition of the 
concepts, methods, and processes which have been learned in this education.  
 
IKEA's current statistics of emissions and their vision, combined with the arguments 
presented in the case for ECO-innovation demonstrated that there is no reason to wait any 
longer before all parts of democratic design are incorporated in material selection. Seeing 
how large of an impact it would have on the current situation, how much closer to the goals 
of PPP it would take ICOMP as well as providing the 7 bottom-line benefits for an 
organization investing in sustainability.  
Coming back to the paths to change, which were brought up in the introduction, this would 
be proactive changes, to avoid hitting the funnel walls, with easily identified forces of 
change for an organization open to change. The path becomes cascading implementations, 
meaning progressive adaptation to change forces, motivated by a participative commitment 
to the vision. Which is the impression ICOMP has given off, that it and its employees are 
willing to commit to sustainability, and embrace changes and adapt to its forces. 
 
From using the FSSD framework through the ABCD method, researching toxicity and 
criticality of the materials as well as studying current literature. The most harmful 
substances of all the currently utilized alloys were highlighted among the for ICOMP 
commonly used types of steel, aluminum, brass, copper, and zink. For the first version of 
the tool, the recommendation based on the research would be to avoid molybdenum, since 
the benefits of hardening can be found in other compounds and it may affect workers 
negatively, and possibly niobium due to its toxic free form, although it is rare. Manganese 
has bad side effects on the workers, but may already not be used too much, since newer 
methods of binding sulfates have arisen. Led and cadmium should be avoided because of 
their massive health risks on both humans and nature. 
 
The polymers were researched through literature within the topic, through discussions with 
experts working with recycled and bio-plastic, and then implemented in the tool as 
emission factors and origin. The methods, visions altogether inspired a tool for the multi-
criteria decision process of selecting materials and became a unit which after some more 
improvements will become fully useable for designers and can be updated to become more 
and more indispensable for the organization. 
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5.2   INDUSTRIAL CONTRIBUTION 

How did the case company influence the creation of the tool and what is the takeaway? 
 
When researching the company vision and goals, it became clear that material selection is 
one of the top priorities. As could be seen in the figures included in the IKEA vision 
research section, 80% of ICOMPS emission of greenhouse gas equivalents came from 
material production.  
There are huge potential gains to becoming more environmentally forward-thinking, even 
for a company as sustainability-focused as IKEA. The philosophy of their founder, that to 
waste is to sin, should remain in the spotlight, since it is just as relevant in the current year 
as it was when it was first said.  
 
Having meetings with people at various positions at IKEA Components as well as IKEA of 
Sweden provided an insight into the sustainability planning for the future of a large scale 
company. The enormous scale of operations leads to every change in a circularity direction 
having a huge impact on nature and society.  
The previous situation for designers at the company has been to base their material 
selections on mechanical properties extracted from running strain and stress simulations 
for every design.  
This makes selecting a durable and safe material possible, but does not give the 
constructors any guidance towards the democratic design of quality, form, function, low 
price and sustainability in their material selection or strive towards IKEAs visions and 
goals. Having a shared awareness and enough resources to make better choices are a 
necessity, which the tool developed in this thesis is hoped to accomplish. 
 
Visiting the case company, it appeared to be uncertain which employees had access to vital 
sustainability resources and programs, such as for instance SolidWorks sustainability, 
GaBi software or the other databases discussed in the related resources section of this 
thesis. Some portion of the designers at IoS did but none of the interviewees at ICOMP 
reported that they were making use of the tool for sustainability data. 
Since IKEA is a highly sustainability conscious organization, it is not unexpected to find 
that many of its employees have an interest and knowledge in sustainability. The important 
task is to make sure they have the tools they need to use their motivation and abilities to 
become productive in sustainable design. 
 
After researching sustainability, making study visits, having meetings, reading internal 
documents, deciding on what strategies to use, developing a guidance tool for multi-criteria 
material selection I feel like the solution has followed the case company vision as well as 
the criteria for sustainable development and SDG’s and demonstrated a possible way to 
answer the research questions of this thesis.  
Before drawing conclusions, the results of the interviews and what learnings were taken 
away from the feedback will be discussed in the next segment. 
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5.3   TOOL EVALUATION THROUGH INTERVIEWS 

What did the results tell us and what actions are fitting to take based on the feedback? 

5.3.1  DIFFERENCES BASED ON CONDITIONS 
Looking specifically at each interview one by one, was that the engineers who were not 
read the instructions out loud first didn’t give themselves time to fully read through the 
instructions, and because of that had trouble with using the complicated filter function of 
the tool.  
This would presumably be different for different people when the tool was distributed to 
all engineers. Some would take time to read and figure out the tool, while others would not 
and may not use find it useful because of the presentation. 
 
All of the engineers who were read the tools instructions out loud reported that the tool was 
easy to understand and use and for the most part also showed more interest in the tool. This 
leads to the conclusion that it would be of service to the users to have a walkthrough of the 
tool when it has been completely finalized and is released. 
 
The conducted interviews displayed that all of the asked design and requirement engineers 
were operating without a shared guide for sustainability in their material choices. They all 
had various levels of knowledge about sustainability. To have a tool that incorporates 
many aspects of sustainability would alleviate the concern of basing decisions on biased 
information and would serve as a solid start to share a common level of understanding for 
sustainable concepts among all the designers.  
 
The scoring system could be improved by having multiple ways of displaying 
sustainability in the tool, but for the moment it should be kept, since having too many 
different ways of measuring sustainability would result in a tool which is very hard to use. 
The concern for the tool becoming outdated is valid, but can be remedied by having one 
person be responsible for the tool who keeps it updated and without misinformation.  

5.3.2  HANDLING SUGGESTIONS AND SCORING 
Most of the suggested changes are eligible to be implemented, to the extent they are 
possible. Colors can be changed, working with an experienced communicator and designer 
at ICOMP, the user-friendliness can be improved as well. Finding the location and making 
sure all materials have a price indication is difficult information to come by, but might be 
possible by finding the right person to ask. If not, the person who is responsible for 
updating the tool later might have access to it.  
 
Changes which are specific to the tool being google excel based instead of a regular excel 
file can be remedied if the tool is downloaded and fitted with scripts that add sorting 
functions, makes it possible to pin the row of material names to the side of the document as 
it is being scrolled through or choose two materials to compare to each other. This would 
turn the filter function into a different sort, which most of the users are used to working 
with, in their daily routines.  
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The tool was more effectively developed in google excel due to the easy accessibility from 
anywhere, but did not need to stay the same way after it had served its purpose to aid in the 
research of this thesis.  
 
The scores given by the prototype testers were overwhelmingly positive, apart from one 
low score in the section asking if the tool was a good resource to use for deciding which 
materials to phase out of production. That tester did not believe that was the case, but most 
of the others agreed that it could serve that purpose well. All of the other scores were in the 
range of medium to high. 
 
The highest scores was for giving an overview of what materials are sustainable, which 
generated scores of 8-10, which is natural and reassuring since that was the purpose of the 
tool. Based on the users' feedback, it seems to be working as it was intended.  
The answers on polymers and metals respectively are interesting, since users seemed more 
inclined to believe that the tool was useful for selecting sustainable alloys over sustainable 
polymers.  
 
This could be based on that the tool at the time was more developed with mechanical 
parameters for the metal part, influencing how well the users perceived selecting materials 
overall, while the mechanical properties of the polymers were lacking. The interviewees 
still gave an overall high rating of between 7 and 10 on how well materials could be 
selected based on mechanical properties. 
 
Overall the users seemed satisfied with the way the tool was developing. They seemed to 
believe it could provide guidance for many multiple criteria of sustainable selection, 
mechanical properties and the concerns of democratic design, which is highly relevant to 
the questions this thesis set out to answer. 

5.3.3  CONTINUED IMPROVEMENTS 
When this thesis was concluded, the tool had been reported as useable by multiple of the 
testers, but by others was deemed to use some more improvements to become a complete 
first version of a finished tool. For this reason, the tool will be continually improved, 
increasing user-friendliness, with new design choices and new functions, for a period of 
time after the thesis has been completed.  
 
This extension is seen as expected and acceptable by the author, since they wish to provide 
a complete tool for the company, but understand that this may take longer than the allotted 
time for the master thesis.  
The tool will always be able to be improved, no matter how many functions are added, and 
this does not affect the ability in the present to draw conclusions based on the progress 
which has been made.  
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5.4   SELECTION OF CRITERIA 

In the beginning of the report, conditions for sustainable development were presented.  
 
● “In the sustainable society, nature is not subject to systematically increasing 

concentrations of substances extracted from the Earth’s crust.” 

● “In the sustainable society, nature is not subject to systematically increasing 
concentrations of substances produced by society.” 

● “In the sustainable society, nature is not subject to systematically increasing 
degradation by physical means.” 

● “In the sustainable society, human needs are met worldwide.” 

(Robèrt, 2002, p.65) 
 
The last condition was expanded into subcategories, but for this discussion the fourth one 
is enough.  
After researching the sustainability criteria which were at the disposal, the most credible 
metric to decide which are needed and most valuable in the circumstances of this case 
company are to compare them to the conditions above.  
 
Toxicity Analysis principle 4 and 1 
Quantis Data sustainability principle 2 
 

5.5   CRITICAL ASSESSMENT 

Some areas of doubt which are apparent to the researcher are the following: 
The response of the users who were interviewed were distinctly positive, even for just tests 
of a prototype tool. This could be a genuine sign of interest in sustainability and a need for 
a common tool, or an effect of being interviewed by a young student, where common 
courtesy prohibits total honesty if a user is uninterested or finds the quality lacking.  
 
The database ICOMP utilizes for emission factors is the Quantis database, which presents 
its numbers without clear explanations of how they are calculated. Since ICOMP chooses 
to use these numbers, the author of this did as well in the material selection tool. There 
could be a risk factor in that these numbers for greenhouse gas emissions, land use, water 
use and water pollution are incorrect. Some of the numbers of the supposed more 
environmentally friendly recycled materials were in certain cases higher than virgin 
materials, which for some factors had “0 land use” for instance. It is illogical and worth 
further investigation. 
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6  CONCLUSION 
 
This section finalizes the research, reflecting on what may be done to further improve the 
current version of the solution, what has been accomplished in this thesis, for which 
purposes and how well the research questions were answered. 

6.1   FUTURE WORK AND IMPROVEMENTS 

What would some steps into the future look like for the developed material selection tool? 
 
To improve the tool to further influence sustainable choices for design and requirement 
engineers more factors would be counted into the analysis. Most of the suggestions brought 
up during the interviews would be suitable improvements. A fitting list could be: 
 

● Location or locations in the world where a material is available to buy. 

● Doing a version of criticality assessment, as shown in literature studies. 

● The GHG emissions of transporting material between regions. 

● The carbon footprint of the main provider of that material.  

● The relative price of the materials compared to a set baseline. 

● The recommendations for whether to use a material or not could be expanded. 

● Worldwide reserves of the materials could be included if data becomes available. 

● The overlook tab could be expanded to include even more common materials. 

● New tabs could be added for other types of materials, such as wood.  

● Including material surface treatments and their environmental effects is possible. 

 

Editing the tool to become a version more suitable for a downloadable format would 
improve its usefulness to engineers. Such a version could have more functions, like sorting 
materials based on button clicks. It could also be designed to look more aesthetically 
pleasing and user-friendly if the person who takes over the responsibility of the tool has an 
education in design work.  
 
This could entail an excel document available from a common server database of tools, 
which requirement and design engineers could download to their working stations and 
utilize but not edit.  
Why the version of the excel file would be placed on the server, in a format that can only 
be edited by the person responsible for updating the tool, is for practical reasons. Such as it 
possibly becoming flooded with misinformation if multiple people had the chance to edit it 
and share it from one computer to the next. At the same time, there needs to be one person 
responsible for updating the tool, or it would in a short amount of time to be filled with 
outdated information. 
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6.2   CONTRIBUTION AND RETROSPECTIVE EVALUATION 

How were the research questions answered and what has been accomplished? 
 

Author Denscombe (2009, p.415) writes in The Research Handbook that the conclusion of 
a thesis should contain a retrospective evaluation of what has been conducted, what the 
research has contributed, suggestions on fitting improvements of the situation, as well as a 
proposed patch for future research into the subject. 
 
Suitable improvements to the sustainable material selection tool has been suggested in the 
previous section of the report. To evaluate what has been conducted, this section will begin 
to examine the research questions proposed in the introduction, and then evaluate what has 
been completed in this researched using them as guidelines. 
 
The summarized purpose of this thesis was to explore how sustainable development can be 
implemented into a manufacturing organization utilizing a material selection tool. This was 
supposed to answer the research questions: 
 
● How can one ease the process of sustainable material selection within metals and 

polymers for engineers at a furniture components manufacturing company? 

● Which aspects of sustainability and what criteria are relevant in these material choices? 

● How can a useful support tool for sustainable material selection be developed? 

The first research question was investigated by selecting and utilizing strategic planning 
processes for sustainable development, as well as making a case for eco-innovation. 
Followed by the creation of a sustainable material selection tool, useful for the purpose of 
guiding engineers through multiple criteria and selecting material sustainably, which 
proved useful to the users who got to experience the tool. 
 
When choosing which aspects of sustainability would be most relevant, the research into 
toxicity as well as criticality analysis was used to motivate the relevance of the criteria, 
which addressed and gave an answer to the second research question. These criteria were 
evaluated to be relevant based on theoretical research and implemented into the tool to aid 
in material selection. As was seen in the discussion, using the conditions for sustainable 
development allowed the criteria to be motivated as relevant, answering the research 
question. 
 
By exploring the usefulness of the sustainable material selection tool at the case company 
and improving it through feedback from users, as well as having meetings and interviews 
with experts, the third research question was explored. An example of a support tool for 
material selection was created, which users found helpful and a sustainable alternative to 
the current methods of material selection. User satisfaction displays that the research 
question has been answered, since this was what was to be explored. 
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6.3   FUTURE PATH AND FINAL REFLECTION 

What are some possible ways to continue this research and what are the closing thoughts? 
 

A future path into more in-depth research for this subject could be to continue analyzing 
materials to add more angles to the tool, and then surveying users to gain deeper 
understanding into the best way to guide and inspire sustainable development and in turn 
create more paths to sustainable innovation.  
The research showed possible paths to continue the research within material criticality and 
toxicity to further explore sustainability criteria.  
 
Since it has been discussed that this tool could be utilized at a 
multitude of organizations, a collaboration with another 
corporation within the same field who has a similar vision could 
be mutually beneficial for exchanging knowledge within 
sustainability and making further progress. 
 

Figure 44: Human collaboration around the globe. (SVG Silh, 2016) 

 
As a final reflection about the journey of writing this thesis would be that it has been 
highly educational to make study visits to such a large company with a strong 
sustainability vision, as well as becoming more informed about the environmental and 
social ramification of industrial materials.  
 
The field of sustainable development is continually updated and this research is simply a 
step on the way to a sustainable future. The author wishes to thank the reader for 
expressing interest by reading their work and would also like to express their hope that the 
reader found it to be meaningful. 
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APPENDIX A - QUESTIONNAIRE TEMPLATE 

Usefulness: 

In your opinion, can the tool give useful decision support in material selection and product 
development? 

if yes, in what cases (for example phases of product development) and how? 

  
………………………………………….. 

if no, why not? 

  
…………………………………………….. 

On a scale between 1 and 10, how beneficial would you say the tool is for: 

a) selecting sustainable polymers 

b) selecting sustainable alloys 

c) identifying which materials to phase out 

d) selecting materials from the perspective of mechanical properties 

e) getting an overview of the sustainability of the materials 

Answer: a)  b)  c)  d)  e)  

Current Methods: 

Are you using any other databases for sustainability parameters today?  

if yes, in what cases do you use it and which database? What makes it useful to 
you? 

  
…………………………………………….. 

if no, why not? 

  
…………………………………………….. 
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Are you taking into account the criticality of materials today in your material choices? 

if so, how? 

  
………………………………………… 

if no, why not? 

  
………………………………………… 

Improving the tool: 

In your opinion, how useful is using SCI (Sustainability Compliance Index) as in the tool 
to rank sustainability parameters? 

● Getting a quick overview of the sustainability of materials 

 
………………………………………… 

●  Selecting a specific material? 

 
………………………………………… 

What can be improved in the tool to make it more useful to your work: Can you see any 
other benefits this tool could bring, if modified somehow? 

 
………………………………………… 

Do you see any disadvantages to using the tool? 

 
………………………………………… 

Role at IKEA Components AB: 

 

………………………………………… 
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APPENDIX B - MATERIAL LIST: POLYMERS 
Table 9: A full list of the polymers included in the tool 

Acrylonitrile Butadiene Styrene 
 

Nitrile Butadiene Rubber 
 

Polypropylene Homopolymer 
 

Pre-Consumer Recycled 
Acrylonitrile Butadiene Styrene 

Polyethylene Protective Foam 
 

Pre-Consumer Recycled 
Polypropylene 

Ethylene-Vinyl Acetate 
 

Polyethylene Foil 
 

Polypropylene + 20% Talc 
 

Polycaprolactam (Nylon 6) 
 

Pre/Post-Consumer Recycled  
High Density Polyethylene 

Polypropylene + 30% Talc 
 

Polycaprolactam (Nylon 6)  
+ 15% Glass Fibre 

Pre/Post-Consumer Recycled 
Low Density Polyethylene 

Polypropylene + 20% Mineral 
 

Polycaprolactam (Nylon 6)  
+ 30% Glass Fibre 

Biologically-based  
High Density Polyethylene 

Polypropylene + 20% Glass Fibre 
 

Polycaprolactam (Nylon 6) 
+ 50% Glass Fibre 

Biologically-based  
Low Density Polyethylene 

Polypropylene Foil 
 

Polyhexamethylene Adipamide 
(Nylon 66) 

Polyethylene Terephthalate 
 

Polysiloxane 
 

Polyhexamethylene Adipamide  
+ 15% Glass Fibre 

Post-Consumer Recycled 
Polyethylene Terephthalate 

Polystyrene 
 

Polyhexamethylene Adipamide  
+ 30% Glass Fibre 

Compound Polyactic Acid 
 

Pre-Consumer Recycled 
Polystyrene 

Polylaurolactam (Nylon 12) 
 

Polymethyl Methacrylate 
 

High Impact Polystyrene 
 

Polylaurolactam  
+ 60% Glass Fibre 

Polyoxymethylene 
 

Recycled High Impact Polystyrene 
 

Pre-Consumer Recycled 
Polyhexamethylene Adipamide 

Polyoxymethylene Copolymer 
 

Styrenic Block Copolymer 
 

Polybutylene Terephthalate 
 

Polyoxymethylene Homopolymer 
 

Styrenic Block Copolymer 
 

Polycarbonate 
 

Polyoxymethylene  
+ 10% Glass Fibre 

Thermoplastic Polyolefinelastomer 
 

Polycarbonate/Acrylonitrile 
Butadiene Styrene 

Polytetrafluoreten (Teflon) 
 

Thermoplastic Polyurethane 
 

Polycarbonate/Polybutylene 
Terephthalate 

Polypropylene 
 

Thermoplastic Copolyester 
 

High Density Polyethylene 
 

Polypropylene Block Copolymer 
 

Thermoplastic Polyamide 
 

Low Density Polyethylene 
 

Polypropylene Random 
 

Wood Plastic Composite  
(with recycled PP) 

Linear Low Density Polyethylene 
 

Polypropylene Homopolymer 
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APPENDIX C - MATERIAL LIST: METALS 
Table 10: A full list of the metals included in the tool 

EN-Name Common Name Group Name EN-Name Common Name Group Name 

EN 1.0034 E195 EN 10305-3 EN ZP0810 ZA-8 Z35636 EN 12844 

EN 1.0215 E220 EN 10305-3 EN ZL0410 - EN 1774 

EN 1.0237 E320 EN 10305-3 EN 1.0715 -11SMn30 EN 10087 

EN 1.0034 E195 EN 10305-5 EN 1.0736 -11SMn37 EN 10087 

EN 1.0215 E220 EN 10305-5 EN 1.4301 -X5CrNi18-10 EN 10088-1 

EN 1.0237 E320 EN 10305-5 EN 1.4310 -X10CrNi18-8 EN 10088-2 

EN 1.0220 E260 EN 10305-5 EN 1.4016 -X6Cr17 EN 10088-2 

EN 1.0241+Z S220GD+Z100 EN 10326 EN 1.4568 -X7CrNiAl17-7 EN 10088-2 

EN 1.0244+Z S280GD+Z100 EN 10326 EN 1.4436 -X3CrNiMo17-13-3 EN 10088-3 

EN 1.0250+Z S320 GD+Z100 EN 10326 EN 1.4305 -X8CrNiS18-9 EN 10088-3 

EN 1.0226+Z DX51D+Z100 EN 10327 EN 1.0332 DD11 EN 10111 

EN 1.0350+Z DX52D+Z100 EN 10327 EN 1.0330 DC01 EN 10130 

EN 1.0917+Z DX51D+Z100-M-A-C EN 10346 EN 1.0347 DC03 EN 10130 

EN 1.0941 HCT600X+Z100-M-A-C EN 10346 EN 1.0338 DC04 EN 10130 

EN 1.0951+Z DX53D+Z100-M-A-C EN 10346 EN 1.0330 DC01 EN 10139 

EN 1.0945+Z HX340+ZMA140-M-A-C EN 10346 EN 1.0347 DC03 EN 10139 

EN 1.0241+Z S220GD+Z100-M-A-C EN 10346 EN 1.0338 DC04 EN 10139 

EN 1.0242+Z S250GD+Z100-M-A-C EN 10346 EN 1.0312 DC05 (LC) EN 10139 

EN 1.0244+Z S280GD+Z100 M-A-C EN 10346 EN 1.1191 C45E EN 10132-3 

EN 1.0250+Z S320GD+Z100 M-A-C EN 10346 EN 1.1221 C60E EN 10132-3 

EN 1.0250+Z S320GD+Z140 M-A-C EN 10346 EN 1.1204 C55S EN 10132-4 

EN 1.0250+Z S320GD+Z50 M-A-C EN 10346 EN 1.1211 C60S EN 10132-4 

EN 1.0933+Z HX 340 LAD+Z100 EN 10346 EN 1.1231 C67S EN 10132-4 

EN 1.0933+AS HX340LAD+Z100-M-A-C EN 10346 EN 1.0330 DC01 C290 EN 10139 

EN 1.0935+AS HX420LAD+Z100-M-A-C EN 10346 EN 1.0330 DC01 C340 EN 10139 

EN 1.0300 C4D EN 16120-2 EN 1.0330 DC01 C390 EN 10139 

EN 1.1185 C2D1 EN 16120-3 EN 1.0330 DC01 LC EN 10139 

EN 1.1187 C3D1 EN 16120-3 EN 1.0347 DC03 C290 EN 10139 

EN 1.1143 C32D2 EN 16120-4 EN 1.0347 DC03 C340 EN 10139 

EN 1.0310 C10D EN 10016-2 EN 1.0347 DC03 C390 EN 10139 

EN 1.0413 C15D EN 10016-2 EN 1.0347 DC03 C490 EN 10139 
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EN 1.0300 C4D EN 10016-2 EN 1.0347 DC03 LC EN 10139 

EN 1.0313 C7D EN 10016-2 EN 1.0338 DC04 LC EN 10139 

EN 1.0304 C9D EN 10016-2 EN 1.0313 C7D EN 16120-2 

EN 1.1110 C3D2 EN 10016-4 EN 1.0304 C9D EN 16120-2 

EN 1.1283 C98D2 EN 10016-4 EN 1.0310 C10D EN 16120-2 

EN 1.0037 S235JR (ex FE360 B) EN 10025 EN 1.0413 C15D EN 16120-2 

EN 1.0050 E295 EN 10025-2 EN 1.4567 X3CrNiCu 18-9-4 EN 10088-1 

EN 1.0038 S235JR EN 10025-2 EN 1.0976 S355 MC EN 10149-2 

EN 1.1191 C45E EN 10083-2 EN 1.0980 S420 MC EN 10149-2 

EN 1.5530 20Mn B5 EN 10083-3 EN 1.0984 S500 MC EN 10149-2 

PROPRIETARY 27MnCr B5 EN 10083-3 EN 1.0214 C10C EN 10263-2 

EN 1.7182 27MnCrB5-2 EN 10083-3 EN 1.0234 C15C EN 10263-2 

EN 1.5532 38MnB5 EN 10083-3 EN 1.1132 C15E2C EN 10263-2 

EN 1.1148 C16E EN 10084 EN 1.0434 C17C EN 10263-2 

AISI 1006 AISI 1006 A1040 EN 1.0411 C20C EN 10263-2 

AISI 1008 AISI 1008 A1040 EN 1.0303 C4C EN 10263-2 

AISI 1018 AISI 1018 A1040 EN 1.0213 C8C EN 10263-2 

AISI 1022 AISI 1022 A1040 EN 1.7131 16MnCr5 EN 10263-3 

AISI 1045 AISI 1045 A1040 EN 1.1132 C15E2C EN 10263-3 

AISI 1055 AISI 1055 A1040 EN 1.1147 C17E2C EN 10263-3 

EN AC-44100 -AlSi12(b) EN 1706 EN 1.5502 17B2 EN 10263-4 

EN AC-46000 -AlSi9Cu3(Fe) EN 1706 EN 1.5525 20MnB4 EN 10263-4 

EN AC-46500 -AlSi9Cu3(Fe)(Zn) EN 1706 EN 1.5535 23MnB4 EN 10263-4 

EN AC-46500 -AlSi8Cu3(Fe) EN 1706 EN 1.7218 25CrMo4 EN 10263-4 

EN AC-47100 -AlSi12Cu1(Fe) EN 1706 EN 1.5526 30MnB4 EN 10263-4 

EN AW-2011 -AlCu6BiPb EN 1301-2 EN 1.0548 HC 340 LA EN 10268 

EN AW-6060 T6 -AlMgSi EN 1301-2 EN 1.0480 HC 260 LA EN 10268 

EN AW-6061 T6 -AlMg1SiCu EN 1301-2 EN 1.0556 HC 420 LA EN 10268 

EN AW-6063 T6 -AlMg0,7Si EN 1301-2 EN - DH DH EN 10270-1 

EN CW614N -CuZn39Pb3 EN 12164 EN - DM DM EN 10270-1 

Brass - - EN - SH SH EN 10270-1 

EN CU 102 -Cu EN 1044 EN - SM SM EN 10270-1 

Zamak - - EN 1.4310 X10CrNi18-8 EN 10270-3 

EN ZP0430 Zamak 2 -ZnAl4Cu3 EN 12844 EN 1.0122 S235JRC EN 10277-2 

EN ZP0400 Zamak 3 -ZnAl4 EN 12844 EN 1.0718 11 SMnPb30 EN 10277-3 
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Figure 45: The true overlook of the mechanical section of steel, in the metal section. 
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