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ABSTRACT:

To use waste as a starting point for new product development 
would be a sustainable use of material resources that alleviates 
waste handling loads. So far, products that use waste as a 
starting point have not been able to significantly affect waste 
trends. This shows a need for methods that facilitate using waste 
materials for product development. With this in mind, the project 
“From Industrial Waste to Product Design” was initiated. 
Industrial design engineering students are encouraged to do their 
master theses on exploring product development with currently 
unused waste. This article suggests a methodology to help 
designers achieve this. Two approaches were undertaken: a 
product study to review the state of the art in designing with 
waste; and an analysis of traditional design processes. In the 
end, an expanded design process was proposed, since a 
description of a systematic process for this issue was lacking 
among researchers or practitioners.

1. BACKGROUND

Closed-loop production has been proposed as a way to enable 
sustainable use of material resources in society (El-Haggar 2007; 
Ludwig et al. 2003; Foundation 2012; McDonough & Braungart 
2002). Most of today's discarded goods however, do not end up in 
development of new products but in landfills or incineration plants 
(Blumenthal 2011; Baker et al. 2004). There is a need to better 
connect product development with waste management and to 
encourage designers to find use for discarded material.
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However, there have been some products developed with 
discarded materials, in a trend that today seems to be growing. 
They differ from traditional recycling by using formal and 
structural changes to put the whole object or components back to 
work, instead of transforming and reusing the material of the 
object through chemical and physical processes (Barbero et al. 
2012).

Designing with waste has also been called Up-cycling. This 
involves a retrospective process where designers try to match the 
existing form of a discarded product to a new function. However, 
up-cycling is characterized by being hand made, not cost-effective 
and unable to effectively re-process the waste stream it uses 
(Crabbe 2012). Furthermore, many up-cycled products use 
materials that have existing and well working recycling systems 
(e.g. PET, metals, paper, etc.), so one could debate their 
contribution to effective resource recovery.

To reduce waste and promote product development with waste 
seems to be a hot topic. Earlier this year, the Swedish national 
foundation for strategic environmental research, Mistra, called for 
research proposals on industrial waste.  Mistra Closing the Loop 
research programme is aiming to attain higher resource efficiency 
and creating new markets for recycled, eco-friendly materials and 
products (Mistra 2012).

1. 2. “FROM INDUSTRIAL WASTE TO PRODUCT 
DESIGN” PROJECT 

With the intention of facilitating collaboration between the 
recycling industry, product designers and manufacturers, the 
project “From Industrial Waste to Product Design” (IWtoPD) was 
submitted to the Mistra Closing the Loop initiative and was 
accepted for funding. The project is a collaboration between the 
(a) recycling industry Stena Recycling, (b) the engineering 
consultancy company Semcon, (c) researchers from Chalmers 
University of Technology and (d) students from the Master 
programme in Industrial Design Engineering at Chalmers. 

The project layout is according to this five-step approach:

1. Stena Recycling presents discarded materials from their 
current waste-stream, which is impossible to recycle and to 
extract value from. They provide the material for testing and 
explain its current recycling market situation.

2. Professionals from the three organizations involved propose 
possible areas of application for these materials, regarding 
their characteristics and conditions.

3. The challenge of developing a product with the selected 
material is then offered to students from Industrial Design 
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Engineering at Chalmers University as a master thesis topic.

4. The students who are registered for the proposed master 
degree within IWtoPD work with the product development for 
six months. Regular supervisions by professionals from Stena 
Recycling, Semcon, and specialized academic researchers 
support and monitor their progress.

5. In the end, professionals from Semcon help the students in 
visualizing their final proposed product development and 
design concepts to better generate market interest.

This project generates a triple helix collaboration between 
recycling industry, product development and academia in order to 
better tackle the problems that appear, when trying to 
reincorporate industrial waste to new manufacturing. The project 
IWtoPD requires diverse domain knowledge, as to list the 
understanding of recycled material markets, the requirements 
that enable successful production, material properties and their 
limitations, but above all, ingenuity to propose new and 
innovative product development and design concepts with what is 
given. It reformulates the design process, since there is an extra 
barrier to overcome far beyond the setting of all user 
requirements: a material that was aimed to be discarded has to 
be re-purposed into a component for a commercially viable 
product.

The project is now on it's first semester of implementation, with a 
couple of students starting their master thesis.

2. AIM
Find, develop or propose a methodology that helps to better 
educate designers to use industrial waste as a starting point for 
their product development while still aiming for fulfilling 
functional requirements at compatible costs.

3. METHOD
Two approaches were taken: a product study in order to review 
the state of the art in designing with waste; and an analysis of 
traditional design processes.

The product study gathered examples from three books 
dedicated to eco-designed products (Barbero et al. 2012; Fuad-
Luke 2009; Fusion Publishing 2008), a couple of articles focused 
on the topic (Crabbe 2012; Ordoñez & Rahe 2012) and an 
intensive web search. This review targeted products that consist 
mainly of waste materials that had been either reused or 
recycled. It intended to find any description of the methodology 
used and to determine two aspects for each case:

1. If they were hand made or serialized.
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2. If the material used had a previously working recycling 
system or not.

For this last aspect, it is important to clarify that the recycling 
systems that were considered to be well established were those 
for paper, wood fibers (regarded as pulp for paper), glass, metals 
and sorted PET. Mixed plastics, PVC, tires, rubber, fabrics, wood 
scraps, furniture and reclaimed wood were not considered to have 
a working recycling system.

The analysis of traditional design processes has been done in 
order to find tools that could later be considered when designing 
with industrial waste as a starting point. These findings have been 
discussed with the students who are currently working on the 
IWtoPD project to identify the main difficulties they have 
encountered so far as well as to gather their suggestions.

4. RESULTS AND DISCUSSION

4. 1. DESIGNING WITH WASTE: PRODUCT STUDY

The study provided 57 examples, which are evenly divided 
between recycled and reused materials. Three cases did not 
consist of a particular product type, but rather a large variety of 
items that included both recycled and reused materials. Recycled 
products tended to be serialized (~80%) and to use materials 
that did not have a recycling system previously defined (~74%). 
Reused products tended to be hand made (~70%) and have a 
more even distribution between materials that had and did not 
have a previous recycling system (table 1).

Table 1: Summary of the Product Study, sorted by strategy used.

In order to use this type of product development as an effective 
resource recovery system, it should develop products that can be 
serialized and that make use of materials that currently do not 
have any well-established recycling system. Additionally, they 
should be independent of the strategy they use (i.e. Reuse or 
Recycle). The study shows a larger amount of cases where the 
products are serialized (~60%), on the contrary to what could be 
expected (Crabbe, 2012, considers up-cycling as mainly hand-
made). In both types of production (i.e. Hand Made or Serialized) 
there are more examples of products that use materials that do 
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not have a well established recycling system (table 2). In spite of 
this positive result, current design with waste has not yet 
improved a reduction in the waste trends. Despite of having a 
serialized production, the sales of products made from waste are 
probably significantly lower than the sales of comparable products 
made from virgin material. That also implies a probably higher 
rate of waste generation than the one of the material they 
reuse/recycle.

Table 2: Summary of the Product Study, sorted by type of production.

In all the cases reviewed, there were no comments found on the 
used methodology, designing with waste. A reason for this could 
be the fact that designers rarely document or make public their 
designing process (Cross 2011). Another possible explanation is 
that the relatively new area of waste material design is in a state 
of “demonstrating that it can be done” rather than “demonstrating 
how it can be done”. Table 3 shows the complete list of products 
that were reviewed in the study.
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 Table 3: Complete list of products reviewed during the study.
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4.2. TRADITIONAL DESIGN PROCESSES

Product design work is typically constituted by both elaborative 
and reducing activities (figure 1). The elaborative activities, such 
as idea generation, have the purpose of seeking for opportunities, 
while the reduction of activities is related to decision-making and 
refinement. 

Figure 1: Creative work, such as Design, is constituted by elaboration and 
reduction (Laseau 1980).

The product design process as a whole is often described as a 
funnel, consisting of a series of activities alternating between 
elaboration and reduction (figure 2). 

Figure 2: A generic design process, based on Pugh 1991. Today’s description of 
design processes usually contains an exploratory phase before the ideation 
phase. 

Early descriptions of the design process, such as the “New 
product development process” (Cooper, 1983), often list idea 
generation as the first activity of the process. Since then, there 
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has been an increased focus on where ideas come from. More 
recent descriptions of the design process (e.g. Andreasen & Hein 
1987; Kelley 2001; Ulrich & Eppinger 2004) generally include a 
phase before the ideation activity. This phase, often named 
“exploration”, “understanding” or similar, is centered around 
understanding the product use and customer needs. 

When designing products from industrial waste however, a generic 
design process is not sufficient. It needs to be complemented with 
more specific up front-activities, as the design objectives are too 
vague in relation to the objectives of ‘traditional’ product design. 
Usually, the designers know if they are to design a pencil or a car, 
and often, they also have an idea about the product’s users and 
their respective needs. That is not the case when designing with 
waste material. Here, the designers only have one starting-point: 
how to incorporate a defined material into a solution yet to be 
determined. 

4.3 EXPANDED DESIGN PROCESS FOR WASTE 
MATERIAL DESIGN

In this paper, we propose an expanded design process, to be 
implemented by the students in the IWtoPD project. It focuses on 
the activities that need to take place before the traditional design 
process can set in, constituting an extra dimension or phase to 
the generic design process (figure 3).

Figure 3: Design pre-process to be carried out before a traditional design 
process.

This new “pre-process” has its starting point in the waste material 
itself. This material has to be analyzed, after which ideas for what 
it could be used in should be generated. Finally these ideas 
should be screened and evaluated to finalize with design 
objectives so a traditional design process can be initiated. After 
this pre-process, one should have an idea of what product is to be 
designed. The phases of this pre-process can be further explained 



From Industrial Waste to Product Design 9

as:

1. Analysis: The idea of the analysis phase is to generate a basis 
for the ideation work to follow. Thus, this phase has basically the 
same function as a traditional exploration phase (figure 2), but 
the point of departure is quite different. Here, the single known 
factor is the waste material, so the analysis focuses on the 
material and its properties.

2. Ideation: The activities of the ideation phase are similar to 
traditional idea generation, but again the objectives are different. 
Based on what is known about the waste material, the aim of 
ideation is to come up with previously unknown ways of using it. 

3. Screening: This phase is for deciding on which solution(s) to 
discard and which to keep. The activities of this phase are similar 
to traditional screening processes, although a different 
competence, such as material expertise, might be needed. 

So far, most effort has been put into refining the analysis phase 
and the ideation phase of this pre-process. During this 
refinement, three particular challenges (see figure 4) have been 
identified:

Figure 4: Challenges for creating a successful ideation. 

1. How much analysis should be carried out before the ideation?  
The design work has a very specific input i.e. the waste material 
itself. A natural first step is to analyze its properties and how the 
material could be processed. Other activities could be to identify 
materials with similar properties or to study regulations. 

The question is: How detailed should such an analysis be? In the 
project, some initial experiments have been made with design 
students as ‘ideators’. It was clear that simply putting the 
material on the table and asking them to “come up with ideas 
how it could be used” was not successful. The students found it 
difficult to generate ideas because they had so little substance to 
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build their ideas from. On the other hand, it can also be possible 
to have an excessive analysis phase that delays the ideation 
process. To identify the materials properties in detail may not 
only reduce the space of possible ideas, but it may also be a very 
cumbersome analysis to carry out. Material data for waste 
material is often not represented in databases (since properties of 
the material may have been affected by use and wear), which 
means that practical experiments, such as tensile tests would be 
additionally needed to be able to describe the factual properties 
of the waste material studied.

During the IWtoPD project, one goal is therefore to identify an 
adequate depth of the analysis phase.

  

2. How should the components of the ideation session itself be 
chosen?  A generative method is typically constituted by four 
factors: participants, activities, mediating tools and context 
(Engelbrektsson 2004). As part of the IWtoPD project, workshops 
are to be carried out. The main reason for this is that workshops 
are a method, suitable for gathering participants with different 
expertise. The participants are presumed to be a key factor in the 
ideation process, and there are two motives for gathering a 
multidisciplinary group. First, experts regarding both the material 
and design are presumed important. Secondly, as many 
disciplines as possible will be an advantage, since nobody knows 
what type of solutions are to be developed.

The choice of the right mediating tools (i.e. the stimulus) is 
another key factor for these ideation sessions. ‘Putting the 
material on the table’ could be such a tool, but it could be 
complemented with other ones. The role that the mediation tools 
have to play is to communicate the findings of the analysis phase 
to the participants (such as properties of the material), but even 
to help the participant in expanding their view of the possible 
idea-range. The activities of the ideation session (such as 
brainstorming) and the context where the session takes place, are 
presumed to work in the same way as in traditional product 
design processes.

3. How should the range of ideas be expanded? Coming up with 
an idea for how a waste material can be used is a huge challenge; 
otherwise someone else would probably have done it already. The 
participants of the ideation session are therefore in need of help 
and inspiration to come up with ideas. As already mentioned, 
selecting a multidisciplinary group of participants may gain help 
from their different backgrounds. Another support is to provide 
inspirational mediating tools to the ideation session. These tools 
could consist of real examples of how waste material is 
implemented in other new products. It could also describe  other 
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solutions with different approaches, for example to replace a 
material with our waste material in an existing product, if 
profitable. It is not necessary for a new product to be developed 
from scratch. The solution could also be that waste material is 
used to improve product quality.

CONCLUSIONS
The traditional design process approach is insufficient for teaching 
when design with waste material is in focus of student's design 
efforts. Therefore, the expanded design process, starting up with 
a pre-process has been proposed, specifically to address the new 
challenges when designing with waste material. It was developed 
since a description of a systematic process for this issue could not 
be identified among neither researchers nor practitioners. The 
developed process is however only to be considered a suggestion 
at this stage, to be applied by the student’s in the IWtoPD 
project. Since this study within the Mistra Closing the Loop 
initiative will cover a period of three years and a number of 
different master thesis projects, all of them taking off from waste 
material, the process model will be be refined and further 
developed. Later on, an evaluated process and methodology for 
waste material design is expected that may be taught to design 
students everywhere, resulting in a multitude of new solutions 
building on waste material re-use.
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