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Society’s sustainability challenges related to ma-

terials management have been an area of concern 

for policymakers, industry and the public for deca-

des. However, if those challenges are managed in 

a strategic way, they could also bring in new opp-

ortunity for companies and other organizations to 

improve their competitiveness through developing 

product-service systems that promote sustainable 

development of society.

The overall aim of this thesis is to explore how 

a framework for strategic sustainable development 

(FSSD) can support the development and design of 

sustainable materials management strategies in pro-

duct innovation. This is achieved by four studies in-

vestigating how sustainability considerations are, or 

could be, integrated in decisions regarding materi-

als selection. The studies are informed by the FSSD, 

Maxwell’s model for qualitative research design and 

the design research methodology. The first study is a 

theoretical discussion which provides a basis for the 

following three exploratory studies. The exploratory 

studies have, through literature reviews and semi-

structured interviews, investigated general sustaina-

bility considerations in companies,  compared the 

strategic potential of product improvement strate-

gies and investigated what considerations that are in 

focus and what types of solutions that are revealed 

when companies apply a strategic sustainability per-

spective to materials management.

The studies have shown that decisions regarding 

materials management often are based on compli-

ance with legislation and on avoiding substances 

with “problematic” characteristics (such as toxicity, 

persistency, etc.), and that decision support regar-

ding how materials could be managed in a sustai-

nable way are lacking. However, the results also 

include examples from companies that have suc-

cessfully developed pro-active strategies towards 

sustainable materials management. They have ap-

proached this through, e.g., managing materials in 

closed technical loops, enabling material substitu-

tion through value chain collaboration and reducing 

material flows through new and innovative design. 

Most importantly, they have assessed actions not 

only regarding their potential to reduce a selection 

of current socio-ecological impacts but also regar-

ding their potential to link to forthcoming actions 

towards the full scope of socio-ecological sustaina-

bility. Through this approach, they have found se-

veral ways by which materials with characteristics 

that are commonly considered problematic can be 

managed by making strategic use of some of these 

characteristics and other characteristics of the ma-

terials.

The results highlight the possibility of enabling 

sustainable materials management practices by 

using a strategic sustainability perspective in combi-

nation with material characteristics knowledge and 

that a static division of “sustainable” vs. “unsustai-

nable” materials (e.g., through lists of forbidden and 

allowed materials) is not necessarily rational. More 

subtle considerations are needed. By not applying 

a strategic sustainability perspective to materials 

management, organizations risk using “sustaina-

ble” materials in unsustainable ways or phasing out 

“unsustainable” materials that, managed differently, 

could be helpful for sustainable development. Deve-

loping decision support for materials management 

that integrates this new way of thinking will be the 

focus of future work.
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Abstract 

Society’s sustainability challenges related to materials manage-
ment have been an area of concern for policymakers, industry and 
the public for decades. However, if those challenges are managed 
in a strategic way, they could also bring in new opportunity for 
companies and other organizations to improve their 
competitiveness through developing product-service systems that 
promote sustainable development of society.  

The overall aim of this thesis is to explore how a framework for 
strategic sustainable development (FSSD) can support the 
development and design of sustainable materials management 
strategies in product innovation. This is achieved by four studies 
investigating how sustainability considerations are, or could be, 
integrated in decisions regarding materials selection. The studies 
are informed by the FSSD, Maxwell’s model for qualitative research 
design and the design research methodology. The first study is a 
theoretical discussion which provides a basis for the following three 
exploratory studies. The exploratory studies have, through 
literature reviews and semi-structured interviews, investigated 
general sustainability considerations in companies, compared the 
strategic potential of product improvement strategies and 
investigated what considerations that come into focus and what 
types of solutions that are revealed when companies apply a 
strategic sustainability perspective to materials management. 

The studies have shown that decisions regarding materials 
management often are based on compliance with legislation and 
on avoiding substances with “problematic” characteristics (such as 
toxicity, persistency, etc.), and that decision support regarding how 
materials could be managed in a sustainable way are lacking. 
However, the results also include examples from companies that 
have successfully developed pro-active strategies towards 
sustainable materials management. They have approached this 
through, e.g., managing materials in closed technical loops, 
enabling material substitution through value chain collaboration and 
reducing material flows through new and innovative design. Most 
importantly, they have assessed actions not only regarding their 
potential to reduce a selection of current socio-ecological impacts 
but also regarding their potential to link to forthcoming actions 
towards the full scope of socio-ecological sustainability. Through 
this approach, they have found several ways through which 
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materials with characteristics that are commonly considered 
problematic can be managed by making strategic use of some of 
these characteristics and other characteristics of the materials. 

The results highlight the possibility of enabling sustainable 
materials management practices by using a strategic sustainability 
perspective in combination with material characteristics knowledge 
and that a static division of “sustainable” vs. “unsustainable” 
materials (e.g., through lists of forbidden and allowed materials) is 
not necessarily rational. More subtle considerations are needed. By 
not applying a strategic sustainability perspective to materials 
management, organizations risk using “sustainable” materials in 
unsustainable ways or phasing out “unsustainable” materials that, 
managed differently, could be helpful for sustainable development. 
Developing decision support for materials management that 
integrates this new way of thinking will be the focus of future work. 

 

Keywords: Material Selection, Strategic Sustainable Development, 
Sustainable Materials Management. 
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Thesis 

Disposition 

This thesis includes an introductory part and the following papers. 
The papers have been slightly reformatted from their original 
publication to fit the format of this thesis, but the content is 
unchanged. 

Paper A 

Ny, H., A. W. Thompson, P. Lindahl, G. Broman, O. Isaksson, R. 
Carlson, T. Larsson and K.-H. Robèrt (2008). Introducing strategic 
Decision support systems for sustainable product-service 
innovation across value chains. Proceedings of the Sustainable 
Innovation Conference: Future products, technologies and 
industries, Malmö, Sweden, October 27-28, 2008. 

Paper B  

Thompson, A. W., P. Lindahl, S. Hallstedt, H. Ny and G. Broman 
(2011). Decision support tools for sustainable product innovation in 
a few Swedish companies, Proceedings of the International 
Conference on Research into Design (ICORD), Bangalore, India, 
January 10-12, 2011. 

Paper C 

Lindahl, P., G. Broman and K.-H. Robèrt (2011). Material 
substitution and weight reduction as steps towards a sustainable 
disposable diaper, Proceedings of the Life Cycle Management 
Conference – Towards Life Cycle Sustainability Management, 
Berlin, Germany, August 28–31, 2011. 

Paper D  

Lindahl, P., K.-H. Robèrt, H. Ny and G. Broman. Strategic 
sustainability considerations in materials management, Journal of 
Cleaner Production (In review).  
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1 Introduction   

This section presents a background of the global sustainability 
challenge, a background of product innovation and discusses 
materials management in that context.  

1.1 A history of material challenges and 
sustainability problems 

There is an increasing consensus among scientists that the current 
course of the global society is not sustainable and that many of the 
socio-ecological problems are related to how we manage materials 
(e.g., International Union for Conservation of Nature and Natural 
Resources (IUCN), 1980; World Commission on Environment and 
Development, 1987; Meadows et al., 2004; MA, 2005; Stern, 2006; 
Rockström, 2009; United Nations Secretar-Generals High-level 
Panel on Global Sustainability, 2012).  

Throughout history, the development of societies is closely related 
to the use of different materials. What materials that have been 
used has changed over time, e.g., during the stone age, bronze 
age and iron age, due to, e.g., shortage of resources, availability of 
new materials, development of new technologies and awareness of 
socio-ecological impacts associated with the materials 
management. This development may be illustrated by the following 
examples. According to Maurice and Smithson (1984), the 
shortages of tin was one major contribution to the end of the 
bronze age and the beginning of the iron age. According to 
Karatzas and Kalognomu  (1999), problems related to noise and air 
pollution were the main cause for Solon to rule that blacksmith 
activities should be moved out of the city of Athens during the sixth 
century BC. And, according to Shamos (2002), John Wesley Hyatt 
invented celluloid in the 1860s as a response to the growing 
shortage of ivory used for billiard balls. The knowledge regarding 
the connection between materials management and social and 
ecological impacts has often been obtained by observations of 
changes in the environment or by health issues. Examples of 
materials that historically were found to have unexpected social or 
ecological impacts are; arsenic, used as pigment in textiles and 
wallpaper and which was found to cause poisoning; and mercury, 
used in hat making, which was found to cause “the mad hatter 
syndrome”.  
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Lack of knowledge regarding social and ecological impacts from 
materials management is a problem also today. The American 
Chemical Society, which registers all publicly disclosed chemical 
substances, had in 2013 over 70 million organic and inorganic 
substances in its files. For many of these substances the 
sustainability implications are far from understood (CAS - a division 
of the American Chemical Society, 2013). 

The choice of materials plays an important role in product design. 
Materials do not only inspire designers and enable technical 
solutions, the design requirements also drives materials 
development (Field III et al., 2001). The choice of materials for a 
product affects the usability of the product, the aesthetical 
expression, the cost associated with production and socio- 
ecological impacts associated with the management of the material 
and the product. Examples of issues that have actualized the 
debate regarding how society manages materials are expected 
future material shortage, recycling restrictions and growth of 
demand (David I, 1999; Reynolds, 1999; Fiksel, 2006; Ljungberg, 
2007; OECD Environment Directorate, 2010; Cândido et al., 2011; 
European Commission, 2010; Jeremy, 2011; Allione et al., 2012). 
With an increasing population requiring more welfare and services, 
there will be increasing pressures on socio-ecological systems 
unless new materials management practices are developed. Or as 
the World Commission on Environment and Development stated 
already in 1987 (World Commission on Environment and 
Development, 1987): 
 

“The scale and complexity of our requirements for 
natural resources have increased greatly with the 
rising levels of population and production. Nature 
is bountiful, but it is also fragile and finely 
balanced. There are thresholds that cannot be 
crossed without endangering the basic integrity of 
the system. Today we are close to many of these 
thresholds; we must be ever mindful of the risk of 
endangering the survival of life on Earth. 
Moreover, the speed with which changes in 
resource use are taking place gives little time in 
which to anticipate and prevent unexpected 
effects.”  
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Over the last decades, the awareness of socio-ecological problems 
has grown. Sustainability aspects have been more strongly 
implemented in legislations (Miljöbalk (1998:808), 1999) and 
numerous initiatives to support and facilitate sustainable 
development have been developed. However, even twenty years 
after the Rio summit in 1992, the  transformation of our way of 
living is slow and the UN, among others, is calling for action for 
sustainable development (United Nations Secretar-Generals High-
level Panel on Global Sustainability, 2012). 

1.2 Sustainable product innovation 

Product innovation refers to the whole process of addressing an 
identified need or desire through product planning (including 
product policy formulation and idea finding), development and 
realization, all the way until the product is in use (Roozenburg and 
Eekels, 1995). In this thesis, product refers to physical artefact, 
software, processes, services as well as combinations of these in 
systems (often called product-service-system).  

Products are part of the environment in which we live. To make 
physical artefacts, materials are shaped, joined, and finished in 
processes; together creating the artefacts’ existence and 
functionality. Different materials enable different design solutions, 
with respect to shape, color, and style of the product. Different 
materials also give the customer associations to, e.g., safety, 
quality, functionality, usability, durability and sustainability (Field III 
et al., 2001). 

In service deliveries, physical artefacts are often required as part of 
the delivering of the service. For example, transportation requires 
vehicles and a phone call requires sender and receiver units as 
well as a system that will transmit the information. Therefore, 
sustainable materials management is relevant in product-service 
system development and management in general. 

There is significant scientific work focused on reducing social 
and/or ecological impacts of products. This includes, e.g., Eco-
design (Tischner et al., 2000; Spangenberg et al., 2010), Bio-
mimicry (Benyus, 2002) and Ecological Footprinting (Rees, 1992). 
However, it is not immediately evident what criteria should be 
considered when seeking more “sustainable materials” for products 
(Waage et al., 2005), and for sustainable development, “doing less 
badly isn´t good enough” (Braungart et al., 2007). Research 
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regarding how to go beyond incremental reductions of current 
negative socio-ecological impacts, by integrating a generic and 
unifying framework for strategic sustainable development (FSSD) 
with established methods for product innovation, has been 
conducted by, e.g., Hallstedt (2008), Ny (2009) and Thompson 
(2012). 

1.3 Towards sustainable materials management 

Robèrt et al. (2002) divide strategies for sustainable materials 
management into dematerialization and substitution. Fiksel (2006) 
concluded that main strategies for sustainable materials 
management should be dematerialization and detoxification. Jones 
et al. (2010) and Rossy et al. (2010) have found three main shifts in 
moving towards sustainable materials management (SMM): 

 Reaction – single loop learning - the focus is mainly on 
the improvement and efficiency of production processes 
(e.g., dematerialization, detoxification and clean 
technology). 

 Redesigning – double loop learning – going beyond 
improving efficiency and shifting focus towards rethinking 
and redesigning products, addressing challenges through 
value-chain collaboration and closing the loop through 
taking on the responsibility for products.  

 Reframing – triple loop learning – going beyond improving 
efficiency and redesigning products towards designing 
systems where materials can be sustainably managed. 

 
Sustainable materials management implies that the use of 
materials, throughout the life-cycle, does not contribute to violations 
of basic sustainability principles (Ny et al., 2006). Although there 
are already many methods and tools for addressing various socio-
ecological issues related to materials management, they are not 
sufficient for the reframing of materials management for 
sustainable development.  
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1.4 Aim and scope 

The overall aim of this thesis is to explore how a framework for 
strategic sustainable development (FSSD) can support the 
development and design of sustainable materials management 
strategies in product innovation. 

To pursue this aim the following research questions have been 
explored: 

i. Where and how are materials management issues 
currently considered in the product innovation process? 

ii. What considerations come into focus and what types of 
solutions are revealed when companies apply a strategic 
sustainability perspective to materials management? 
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2 Theoretical framework 

This section presents the theoretical framework and knowledge 
domain of this thesis. 

2.1 Sustainable development 

Even though the so-called Brundtland definition of sustainable 
development (World Commission on Environment and 
Development, 1987)  is commonly accepted, it is also criticized for 
not being concrete enough (Johnston et al., 2007). 

Various attempts have been undertaken to make sustainable 
development more operational. One of these, a framework for 
strategic sustainable development (FSSD), has been shown useful 
for strategic planning and decision making in many contexts and for 
analyzing and supporting many different methods and tools in the 
sustainability field (Robèrt et al., 1997; Andersson et al., 1998; 
Holmberg, 1999; Broman et al., 2000; Holmberg and Robèrt, 2000; 
Robèrt, 2000; Leadbitter, 2002; Robèrt et al., 2002; Robèrt et al., 
2004; MacDonald, 2005; Byggeth and Hochschorner, 2006; Ny et 
al., 2006; Hallstedt, 2008; Ny, 2009; Thompson, 2012). 

2.2 A framework for strategic sustainable 
development  

The FSSD is a generic framework that includes five interdependent 
but still distinct levels. 

1.  The system level – a description of the topic with its nested 
subsystems in society in the biosphere. 

2.  The success level – success for the topic informed by basic 
principles for sustainability.  

3.  The strategic guidelines level - guidelines for step-wise transitions 
between current challenges and the defined future success. 

4.  The action level – concrete actions aligned with the strategic 
guidelines and put into a strategic plan towards the defined 
success.  

5.  The tools level – concepts, methods and tools to support and 
monitor the transition between the current situation and the defined 
success.  
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The FSSD was developed while realizing that to allow for strategic 
progress towards a sustainable society, not only sufficient 
knowledge about the system (1) would be enough, but the overall 
goal (2) also needs to be defined in a robust way. Sustainability 
can look in many different ways as long as these all comply with 
basic principles for sustainability. Level (3) of the FSSD includes 
strategic guidelines that are used to prioritize actions (4) as part of 
an overall strategy and to guide what concepts, methods and tools 
(5) that are selected to support progress along the action plan (4) 
that is continuously re-evaluated according to the strategic 
guidelines (3) to move strategically towards the goal (2) in the 
system (1). 

2.2.1 Sustainability principles 

The sustainability principles, used within the FSSD are designed to 
be necessary (but not more, to avoid unnecessary restrictions and 
to reduce distraction), and sufficient (and not less, to cover all 
aspects of the goal). In addition, the set of principles must also be 
general (to make sense for all stakeholders and thus allow for 
cooperation), concrete (to guide problem solving and actions), and 
distinct (to enable comprehension and facilitate development of 
indicators for monitoring) (Robèrt et al., 2012). 
 
These sustainability principles have been derived with the above 
criteria in mind (for references, see Ny et al., 2006):  

In the sustainable society, nature is not subject to systematically 
increasing… 

1. …concentrations of substances extracted from the Earth's 
crust, 

2. …concentrations of substances produced by society, 

3. …degradation by physical means,  

And in that society… 

4. …people are not subject to conditions that systematically 
undermine their capacity to meet their needs. 

These principles have been shown to help organizations to identify 
causes of current and potential future problems at their origin, and 
thus to find solutions to these problems upstream in cause effect 
chains (e.g., Broman et al., 2000). 
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Guidelines on how to put each of the basic sustainability principles 
into operational practice for sustainable materials management 
include (Robèrt et al., 2012): 

 To avoid dissipative use of minerals that are scarce in 
nature (e.g., Ag, Hg and Cd) through, e.g., substitution to 
substances that are more abundant in nature.  

 To avoid large scale use (emissions) of persistent and 
unnatural compounds (e.g., DDT and CFCs) through, e.g., 
substitution to substances that are abundant in nature or 
break down more easily in nature. 

 To draw resources only from well-managed ecosystems 
and exercise caution in all modifications of nature, including 
the introduction of new species. 

 To give thought to how our demand for materials and their 
production have consequences for people’s ability to meet 
their needs, now and in the future.  

2.2.2 Strategic planning 

There are three main classes of methods for future scenario 
planning: trend extrapolations – answering the question “what will 
happen?”; strategic scenarios – answering the question “what 
could happen?” and normative scenarios, also called desirable 
futures, visions or future visions – answering the question “what do 
we want to happen?” (Börjeson et al., 2006; Quist and Vergragt, 
2006). 

The FSSD emphasizes and supports mainly the third class. 
Generating a shared principled vision of a desirable future (framed 
by sustainability principles), and then looking backwards from that 
future to the present in order to strategize and to plan how it could 
be achieved (Robinson, 1990; Dreborg, 1996; Holmberg and 
Robèrt, 2000; Quist and Vergragt, 2006; Vergragt and Quist, 2011), 
allows for strategic decision making that ensures movement 
towards a sustainable future (Holmberg and Robèrt, 2000). The 
FSSD is therefore considered to be a potentially powerful support 
for strategic sustainable materials management.  



3 Research Design 

19 

3 Research design 

This section describes the logic and coherence of the research 
process and the methods used in this thesis.  

3.1 Scientific methods 

Maxwell’s approach to research design (Maxwell, 2004) has been 
used as an overarching mental model in the thesis. Also  the 
Design Research Methodology (DRM) put forth by Blessing and 
Chakrabarti (2009) has been helpful to concretize  the research. 

3.1.1 Maxwell’s approach to research design 

Maxwell´s model for qualitative research design suggests the 
following five key aspects of research design (see figure 1). 

1. Goals – Why is this study worth doing and what is it that I 
want to achieve? 

2. Conceptual framework – What do I think is going on and 
what theories, believes and prior research will guide and 
inform this research? 

3. Research questions – What questions will my research 
answer? 

4. Methods – What will I actually do in conducting this study? 
5. Validity – How might my results and conclusions be wrong? 

 

 

Figure 1. Maxwell´s model for qualitative research design. Recreated 

from (Maxwell, 2004). 
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3.1.2 Design research methodology 

The design research methodology (DRM) by Blessing and 
Chakrabarti (2009) consists of four areas: Research Clarification, 
Descriptive study I, Prescriptive study and Descriptive study II (see 
figure 2.) 

During the research clarification phase, the goal and focus of the 
research are clarified through, e.g., literature studies.   

During the descriptive study I, a better understanding of the 
problem is developed through, e.g., literature analysis and 
empirical studies. 

During the prescriptive study, a solution to the original problem is 
developed based on the increased understanding of the situation 
together with assumptions, experience and synthesizes. 

During the descriptive study II, the solution to the original problem 
is tested and evaluated through empirical studies. 

 

 

Figure 2. The Design Research Methodology. Recreated from (Blessing 

and Chakrabarti, 2009). 
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3.2 Use of scientific methods in this thesis 

In relation to Maxwell’s model, the goal of this work has been to 
explore how a framework for strategic sustainable development 
can support the development and design of sustainable materials 
management strategies in product innovation. Product innovation is 
an important intervention point for supporting the transformation of 
society towards sustainability. Before approaching the actual 
research, the sustainability challenge, the theoretical framework 
described above, general theory of science and prior work relevant 
to the field of sustainable materials management were studied. The 
understanding from this phase formed a knowledge foundation or 
conceptual framework for the research in this thesis. To pursue the 
goal, the two main research questions stated in the introduction 
were formulated. The specific methods used include literature 
reviews, semi-structured interviews, case studies, observation, 
analysis and synthesis. For validity reasons, comparisons have 
been made with the findings of other researchers and iterations of 
mutual feedback have been performed with interviewees of the 
case studies.    

In relation to the DRM, the research clarification phase basically 
overlaps with defining the goal, clarifying the conceptual framework 
and formulating the research questions according to the Maxwell 
model. In the descriptive study I, information regarding where and 
how materials management issues are considered in the product 
innovation process was collected through studies of product 
innovation processes at companies. For example, people working 
with product innovation were interviewed and observed in order to 
better understand and describe the state of practice in industry. 
This phase also included an assessment of strategies for material 
selection from a strategic sustainability perspective. These studies 
support ideas and arguments presented in paper A and are central 
to the results presented in papers B, C and D. The papers include 
some prescriptive conclusions and arguments. However, the main 
prescriptive study (aiming at developing decision support for 
materials management that combines a strategic sustainability 
perspective with material characteristics knowledge) and the 
descriptive study II (aiming at evaluating and possibly validating 
this support) remain for future work.   
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4 Summary of appended papers 

This section presents summaries of the appended papers as well 
as a short declaration of the relation in the thesis and the present 
author’s contribution. 

4.1 Paper A 

Introducing strategic decision support systems for 
sustainable product-service innovation across value 
chains 

Published as: Ny, H., A. W. Thompson, P. Lindahl, G. Broman, O. 
Isaksson, R. Carlson, T. Larsson and K.-H. Robèrt (2008). 
Introducing strategic decision support systems for sustainable 
product-service innovation across value chains.  Proceedings of 
the Sustainable Innovation Conference: Future products, 
technologies and industries, Malmö, Sweden, October 27-28, 2008. 

 

Summary 

This paper suggests a strategic decision support system (SDSS), 
based on the framework for strategic sustainable development to 
support decisions regarding sustainable product-service innovation, 
including sustainable materials management. The objective of the 
study was to develop a system that systematically: 

 Incorporates a full sustainability perspective to respond to 
increasingly important market demands and opportunities, 

 Provides opportunities to optimize value chains, 

 Supports transitioning of traditional product solutions into 
product-service systems focused on meeting market and 
basic human needs, and 

 Connects operational and strategic levels in companies. 

The result of this paper is a model for how a strategic decision 
support system (SDSS) could link business managers and product 
developers to suitable tools and experts throughout the innovation 
process by building systematically on a theoretical foundation. 
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The paper’s contribution to the thesis 

This paper provides an overarching model regarding how a 
company/organization could work with strategic sustainable 
development in product innovation. Sustainable materials 
management is one part of this model. The paper shows the 
importance of decision support for sustainable materials 
management including: (1) an overview of what tools that are used 
today, (2) an experience library of sustainable materials 
management practices and (3) specific guidance regarding 
sustainable materials management for both product developers 
and business managers. 

 

Present author´s contribution 

The present author was involved from the initial planning of this 
paper, and as such contributed in developing and formulating 
theory through to final editing. 
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4.2 Paper B  

Decision support tools for sustainable product 
innovation in a few Swedish companies 

Published as: Thompson, A. W., P. Lindahl, S. Hallstedt, H. Ny and 
G. Broman (2011). Decision support tools for sustainable product 
innovation in a few Swedish companies.  Proceedings of the 
International Conference on Research into Design (ICORD), 
Bangalore, India, January 10-12, 2011. 

 

Summary 

This paper maps out where and how sustainability considerations 
are made in the product innovation process in six Swedish 
companies. The study was conducted through semi-structured 
interviews. 

The study revealed that guidance regarding materials management 
was mainly based on company specific lists of restricted or 
preferably avoided materials. Those lists were based on legislation 
and customer requirements. The companies expressed a desire to 
have more information early in the product development process 
regarding, e.g., the materials life-cycle, social and ecological 
implications due to materials management and favorable attributes 
of a material enabling sustainable materials management. 

 

The paper’s contribution to the thesis 

This paper explores the current state of methods for sustainable 
materials management consideration in product innovation at some 
Swedish companies. It provides insight in existing gaps and 
opportunities for sustainable materials management, how company 
processes work, and where in the companies’ processes a 
strategic decision support system for sustainable material 
management could be helpful. 

Present authors contribution 

The present author was involved from the early stages of planning 
and took active part in conducting the interviews, summarizing the 
results and editing of the paper.  
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4.3 Paper C 

Material substitution and weight reduction as steps 
towards a sustainable disposable diaper   

Published as:  Lindahl, P., G. Broman and K.-H. Robèrt, Material 
substitution and weight reduction as steps towards a sustainable 
disposable diaper.  Proceedings of the Life Cycle Management 
Conference – Towards Life Cycle Sustainability Management, 
Berlin, Germany, August 28–31, 2011. 

 

Summary 

This paper compares the potential of contributing to sustainable 
development for two different approaches to development of 
diapers; (i) weight reduction through increased use of an existing 
super absorbent in the product and (ii) material substitution through 
making a new super absorbent from renewable materials.  

The assessment was performed using a framework for strategic 
sustainable development (FSSD), and included the following steps: 

 Describing demands on a sustainably managed diaper. 

 Identifying gaps for existing products in relation to a 

sustainably managed product. 

 Comparing the suggested approaches in relation to the 

sustainability objective. 

 Evaluating the strategic potential of the assessed 

approaches. 

 

The paper highlights that the development of “sustainable 
products” needs to be studied from many dimensions. Those 
dimensions are, e.g., sustainability for the whole biosphere, 
stepwise approaches while ensuring a sufficient return of 
investment, ease of recycling of materials and impacts at the site of 
sourcing as well as the products functionality - allowing the 
strategic approach to also improve or at least not deteriorate the 
functionality. 

This inherently means that there are many criteria for the 
evaluation of the sustainability performance of materials and that 
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there is a need for decision support regarding how to evaluate 
relevant criteria in a strategic and transparent way. 

The paper’s contribution to the thesis 

This paper describes how two alternative approaches for material 
selection in product development could be compared using a 
strategic sustainability perspective. It provides insight in existing 
gaps, highlighting possibilities and need for development.  

 

Present author’s contribution 

The present author led the development and writing of the paper 
and also presented the paper at the LCM conference in Berlin in 
August 2011. 
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4.4 Paper D 

Strategic sustainability considerations in materials 
management 

Submitted as: Lindahl, P., K.-H. Robèrt, H. Ny and G. Broman. 
Strategic sustainability considerations in materials management, 
Journal of Cleaner Production (In Review). 

 

Summary 

This paper describes what considerations that come into focus and 
what types of solutions that are revealed when companies apply a 
strategic sustainability perspective to materials management. 
Through literature reviews and semi-structured interviews with 
people working in organizations known for strategic awareness and 
relative proactivity when it comes to sustainability, it was found 
that:  

1. There are no inherently sustainable or unsustainable 
materials. Though certain materials are easier than others to 
manage (financially and technically) within sustainability 
constraints, the important distinction to make is the one 
between sustainable and unsustainable management of 
materials.  

 
2. Rational approaches to sustainable materials management 

rely on considerate use of a variety of considerations and 
possibilities bearing in mind, e.g.: 

 
i. To motivate the use of materials that are difficult to 

manage within sustainability constraints, it is essential to 
demonstrate why the functionality of these materials 
cannot be provided by other materials that are easier 
(financially and technically) to manage sustainably.  

ii. Sustainable materials management requires a life-cycle 
perspective, considering socio-ecological impacts at, 
e.g., material extraction, use and disposal. This could be 
facilitated by, e.g., value-chain collaboration or closed 
loop management of the material. 

iii. Materials made from non-renewable resources or 
materials associated with problems at end of life 
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treatment can sometimes be managed in closed loops 
facilitated by the persistence of the material. 

iv. When material substitution is required, a step-wise 
approach or a conscious influence on customer behavior 
can make a change possible.  
 

The paper highlights the need for more subtle considerations and 
improved decision support for sustainable materials management. 
The studied organizations have assessed actions not only as 
regards their potential to reduce a selection of current socio-
ecological impacts, but also as regards their potential to link to 
forthcoming actions towards the full scope of socio-ecological 
sustainability. Through this approach, they found several ways 
through which materials with characteristics that are commonly 
considered problematic can be managed by making strategic use 
of some of these characteristics and other characteristics of the 
materials. Thus, a static division of “sustainable” vs. 
“unsustainable” materials (e.g. through lists of forbidden and 
allowed materials) is not necessarily rational. By not applying a 
strategic sustainability perspective to materials management, 
organizations risk using “sustainable” materials in unsustainable 
ways or phasing out “unsustainable” materials that, managed 
differently, could be helpful for sustainable development. 

 

The paper’s contribution to the thesis 

This paper shows the possibility of enabling sustainable materials 
management practices by using a systems approach to strategic 
sustainable development in combination with material 
characteristics knowledge. This often results in changes of the 
product as well as changes of the system in which the product is 
managed, sometimes also including behavior changes among the 
customers. Showing the possibility and implications of this 
combination of a systems approach to strategic sustainable 
development and domain specific knowledge in the field of 
materials is a main contribution of the thesis. 

 

Present author’s contribution 

The present author led the development and writing of the paper.  
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5  Conclusion and future work 

This thesis has explored how a framework for strategic sustainable 
development (FSSD) can support the development and design of 
sustainable materials management strategies in product 
innovation. More specifically, it has shown: (i) where and how 
materials management issues currently are considered in the 
product innovation process and (ii) what considerations that come 
into focus and what types of solutions that are revealed when 
companies apply a strategic sustainability perspective to materials 
management. 

The research shows that companies usually have an interest in 
considering sustainable materials management early in the product 
innovation process, but they often lack appropriate decision 
support to do this. Instead of guiding sustainable materials 
management practices, existing decision support mainly focuses 
on reducing the use of, e.g., substances with characteristics that 
are commonly considered problematic (such as toxicity, 
persistency, etc.) and on compliance with legislation. This results in 
materials management practices with a too narrow and short-term 
focus. This is in line with earlier research. For example, Braungart 
(2002), Hart and Milstein (2003), OECD (2007; 2010), Rossy et al. 
(2010) and Bjørn and Hauschild (2012) point out that by moving 
industrial practices regarding materials management from only 
aiming at reducing material flows towards designing more holistic 
materials management approaches, companies can find new 
business opportunities as well as improve brand value and reduce 
costs.  

This thesis includes examples of companies that have successfully 
developed pro-active strategies towards sustainable materials 
management. The strategies they have used include, e.g.: 
managing materials in closed technical loops, enabling material 
substitution through value chain collaboration and reducing 
material flows through new and innovative design. Most 
importantly, they have assessed materials management actions not 
only as regards their potential to reduce a selection of current 
socio-ecological impacts but also as regards their potential to link 
to forthcoming actions towards the full scope of socio-ecological 
sustainability. Through this approach, they have found several 
ways through which materials with characteristics that are 
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commonly considered problematic can be managed by making 
strategic use of some of these characteristics and other 
characteristics of the materials. 

Although only a few companies and a few examples have been 
studied so far, these are enough to point to the possibilities of 
managing materials, sometimes also materials with characteristics 
that are commonly considered problematic, in a sustainable way.   

The results highlight the possibility of enabling sustainable 
materials management practices by using a strategic sustainability 
perspective in combination with material characteristics knowledge 
and that a static division of “sustainable” vs. “unsustainable” 
materials (e.g. through lists of forbidden and allowed materials) is 
not necessarily rational. More subtle considerations are needed. By 
not applying a strategic sustainability perspective to materials 
management, organizations risk using “sustainable” materials in 
unsustainable ways or phasing out “unsustainable” materials that, 
managed differently, could be helpful for sustainable development.  

Developing decision support for materials management that 
integrates this new way of thinking will be the focus of future work. 
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Abstract 

Most companies do not have a coherent and systematic approach 
for incorporating sustainability criteria into their decision support 
systems. Given this, what would such a strategic decision support 
system (SDSS) look like that that is coherent throughout a 
development process and systematically  incorporates (1) a full 
sustainability perspective, including (2) a broader approach to 
meeting needs by product-service systems, and (3) interfaces 
toward both specific groups of decision makers and specialized in-
depth tools?  We anticipate such an SDSS being structured by a 
framework for strategic sustainable development that provides a 
principle-based definition of sustainability and a systematic method 
to identify problems and solutions by backcasting from that 
definition. This should aid identification of potential benefits and 
challenges of shifting from a product-only focus to a focus on 
product-service systems. Additionally, the new sustainability and 
product-service system decision support should be flexible enough 
to be incorporated into existing decision-making processes. It will 
likely be formed around a built-in product development process at 
the companies. 
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1 Introduction 

Product developers have traditionally focused on a relatively 
narrow set of technical and business economic aspects, but the 
sustainability problems in today’s society provide good reason to 
widen the perspective (Charter and Chick, 1997, Ritzén, 2000, 
Hallstedt, 2008). Current impacts of raw material extraction, 
production, distribution, use and disposal show that new practices 
are needed. A product’s impacts - positive and negative throughout 
its life-cycle - are largely determined by decisions during early 
development phases (Roozenburg and Eekels, 1995, Charter and 
Chick, 1997, Ritzén, 2000, Hallstedt, 2008).  
 

The increasingly competitive global economy makes it harder for 
companies to maintain market share solely by offering high quality 
physical products. To remain competitive, companies often find it 
necessary to provide more services with their products. It is often 
not so much the physical artefacts that consumers necessarily 
demand, but the services (functions) they provide (Alonso-Rasgado 
et al., 2004, Ericson and Larsson, 2005). Furthermore, many 
products are increasingly containing electronics and software. This 
integration not only increases the complexity of the initial product 
development, but also increases the need for services to support 
them. It is often not possible for a single company to generate such 
a total offer. Even though business developers and managers may 
have frequent contacts with customers and suppliers it is yet 
almost unheard of that companies are able to create direct working 
relationships between product developers from companies along 
value-chains (Larsson et al., 2008). A mindset focused on product 
functions thus drives towards extended value-chain cooperation 
among companies – the “extended” or “virtual” enterprise (VIVACE-
Project, 2007). 
 
Today there are many overarching methods and tangible 
specialized tools intended to take sustainability issues, value 
chains and life-cycle perspectives into account during product and 
business development. This includes life cycle assessment (LCA), 
casual loop diagramming (CLD), investment calculus, computer 
aided design (CAD), and design for product-service systems (PSS) 
— sometimes called functional product development (FPD) 
(Ericson and Larsson, 2005). Many of these tools are possible 
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because and strengthened by an increasing sophistication of 
computer-based decision support systems (DSS) (Alter, 1980, 
Power, 2004).  
 
Our approach to sustainable product innovation (SPI) is based 
upon a framework for strategic sustainable development (FSSD) 
that incorporates backcasting from sustainability principles. The 
FSSD has been developed and continues to be elaborated in 
international collaboration with researchers and practitioners 
(Broman et al., 2000, Holmberg and Robèrt, 2000, Robèrt, 2000, 
Robèrt et al., 2002). In Robèrt et al. (2002), pioneers of several 
tools for sustainable development concluded that this framework is 
well suited for structuring other tools, clarifying overlaps and gaps, 
and for coordinating an optimal use of each tool. 
 
To help practitioners work at both strategic and operational levels, 
we have created bridging tools. These are created by scrutinizing 
different tools against the FSSD to find synergies and gaps. 
Examples of tools include templates for sustainable product 
development (TSPD) (Ny et al., 2008) and strategic life cycle 
management (SLCM) (Ny et al., 2006). Bridging tools can be used 
as part of a process referred to as a method for sustainable product 
development (MSPD), which combines the sustainability thinking 
provided by the FSSD with a concurrent engineering development 
model (Byggeth et al., 2007, Hallstedt, 2008). 
 
All these bridging tools (and others) are helpful when making 
individual decisions during the product development process. 
However, tools will be of even greater help if they can be structured 
in an SDSS such as the “design space” concept suggested by Ny 
and colleagues (2006). 

 

2 Objectives 

In this paper we present an idea for a strategic decision support 
system (SDSS) that should systematically: 

1. Incorporate a full sustainability perspective to respond to 
increasingly-important market demands and opportunities,  

2. Provide opportunities to optimize value chains by enabling 
a life-cycle overview of the entire value chain, 
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3. Support transitioning of traditional product solutions into 
product-service systems focused on meeting (market and 
basic human) needs, and  

4. Connect operational and strategic levels in companies.  
 

3 Suggesting an SDSS  

3.1 Theoretical foundation 

3.1.1  Sustainability through FSSD integration 

To incorporate sustainability, we suggest the SDSS being 
structured by a framework for strategic sustainable development 
that provides a principle-based definition of sustainability and a 
systematic method to identify problems and solutions by 
backcasting from that definition. In practice, based upon the MSPD, 
this integration can be done through guiding questions that 
product/business developers need to answer at different stages in 
the PSS innovation process. Obtaining an answer may require, 
among other things, different types of modeling and simulation, 
including causal loop diagrams linking the PSS with socio-
ecological implications. 
 

3.1.2  Value chainoptimization through PSS focus 

Further, the SDSS will provide opportunities to identify potential 
benefits and challenges of shifting from a product-centric focus to a 
focus on product-service systems. In practice, this is also done by 
questions that are presented to product/business developers, who 
may answer those questions by utilizing modeling and simulation 
support tools. 
 

3.1.3 Connecting strategic and operational company levels 

Additionally, the SDSS interfaces are expected to be flexible in 
design and implementation so that they can be incorporated into 
business and product developers’ existing decision-making 
processes. They will likely be formed around an optional built-in 
product development process and include interfaces toward 
increasingly specific in-depth tools within areas like life cycle 
modeling, technical simulation and investment calculus.  
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Referring to figure 1, multiple user interfaces will be designed 
around a SDSS or “portal” to provide access to the tools necessary 
to support a specific type of user. A product developer focused on 
detailed technical aspects of a physical product will access tools 
that are different than tools accessed by a business manager 
making decisions regarding the business model around the PSS. 
Product-Service questions will guide the design of the physical 
products and services intended to meet customer needs. Business 
development questions will guide the development of the business 
model around the PSS. An SDSS manual will communicate both 
how to use the portal and also the theory that underlies the portal.  
 

 
 
Figure 1. How a Strategic Decision Support System (SDSS) could link 
Business and Product-Service Developers with suitable tools and experts 
throughout innovation processes by building systematically upon a 
theoretical foundation. 
 

An experience database will collect and provide access to users’ 
experiences so that, where appropriate, knowledge can be shared 
across companies, value chains and even industries. Specialized 
tools aid users in considering specific details of certain aspects 
throughout the innovation process, often requiring significant time 
or other resources. Bridging tools aid a user in knowing when and 
how to apply specialized tools, as well as if it is possible to narrow 
the specific application of the specialized tool in order to both 
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conserve resources and ensure that simulation results are framed 
within a sustainability context. An example of a bridging tool is 
SLCM, which focuses LCA efforts into areas of primary concern 
from a full strategic sustainability perspective (Ny et al. 2006). 
Experts on specialized tools are also made available to aid portal 
users. A theoretical foundation is created by bringing together 
sustainable product innovation, product-service system innovation 
and a framework for strategic sustainable development. 
 

3.2 Practical use 

Business/product developers access the SDSS through their 
workstations. Depending upon the stage of innovation, different 
guiding questions will be presented. When the choice of materials 
is relevant, guiding questions will help to choose materials that are 
less likely to be problematic from a sustainability standpoint. To 
answer this question, support tools (e.g. LCA) may be helpful, 
though require substantial amounts of time. Bridging tools can help 
to guide the user to which specific aspects or applications of the 
support tools that can be used to aid in making decisions. Direct 
links to experts on both the bridging and the specialized tools are 
also included (e.g. a product developer could contact an expert in 
SLCM and/or LCA). As guiding questions are answered, those 
answers can be saved for future reference so that sometimes 
lengthy investigations need not be repeated.  
 

A user will have access to both a public and a company-specific 
component. The public component will interact with a network of 
users from other companies and it will offer several services, such 
as: 
 

1. Guidelines on how to use the tools and services available 
through the public component. 

2. Reports on strengths and challenges of certain established 
methods and tools and hands-on guidelines for how they 
can be helpful when the FSSD is used to support 
sustainable product innovation. 

3. Generic questions that guide users in considering 
sustainability aspects throughout the innovation process.  

4. Newly developed methods and tools that are integrated 
“bridges” between the FSSD and the established methods 
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and tools, helping users to start from the sustainability 
overview that the FSSD provides before, if needed, going 
into more detailed studies.  

5. Links to a network of experts and institutions that may give 
further support and background information on each 
method and tool. 

6. A “global” experience library or database which collects 
experiences from all companies and experts on 
experiences from using the methods and tools of the 
SDSS. 

 
The company-specific component is expected to contain local 
applications of the SDSS solution, including: 
 

1. Guidelines on using the company-specific aspects of the 
SDSS. 

2. Guiding questions that support users in considering 
sustainability aspects throughout the innovation process 
that are customized for the company.  

3. Company-specific tools that are contextualized by the 
SDSS. 

4. A library containing experiences shared only within the 
company. 

 
 

3.3 Discussion 

3.3.1 Challenges 

Intellectual property rights and traditional business models provide 
barriers for optimization across a value-chain. This means that the 
reluctance to share detailed product information with other 
companies may hinder total value-chain optimization. This could be 
dealt with through, among other things, new methods to support a 
clearer distinction between what information that can be shared 
and what needs to remain confidential.  

In addition to knowing what content to share, there is a technical 
challenge of sharing that information across multiple computer sys-
tems among many actors in a value chain. The field of knowledge 
enabled engineering aims to deal with such issues (Bylund et al., 
2004) and therefore could be helpful in the development of SDSS.  
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The intent is to make the SDSS general enough to be broadly 
applicable to industry at large but still adaptable to specific 
company needs. Such needs include interfacing with local tech-
nology systems, e.g., computer aided design/computer aided 
manufacturing, accounting and customer relationship management 
systems.  We intend to work with several case studies in order to 
be exposed to multiple working environments and thereby gaining 
experience from which to derive generic approaches for the SDSS 
that could be applied in any company. We have experience from 
using this approach when developing the generic MSPD (Byggeth 
et al., 2007). In this case the FSSD was incorporated in a generic 
concurrent engineering development model and tested in several 
companies.  

3.3.2 Opportunities 

We believe effective application of SDSS could significantly aid in 
optimizing value chains by supporting decision-makers in taking a 
full value-chain perspective throughout the innovation process, 
(e.g. through waste reduction, selection of materials with less end-
of-life consequences or expenses, etc.).  

In addition, the whole-system perspective gained through using the 
SDSS could enable decision-makers to early on identify potential 
market changes due to sustainability-related issues (e.g. increasing 
water demand, increasing oil prices, climate change legislation, 
etc.) with the benefits of anticipating/avoiding costs, gaining market 
share, or major investments that are not suitable for the long term. 
Moreover, specialized tools are often time and/or resource 
intensive, so the suggested bridging tools are focused on providing 
guidance on where and how the specialized tools can provide the 
most benefit. 

Furthermore, the SDSS concept inherently connects the strategic 
and operational levels within a company by offering tailor-made 
interfaces that are based upon the same foundational concepts to 
both business developers/managers and traditional product 
developers.   
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3.3.3 Further work 

We expect implementation of the SDSS concept to start with an 
overview study of existing tools and methods for sustainability 
integration (steps 1 and 2 in figure 2) and onsite case studies with 
product developers and business-related decision-makers in 
companies (steps 3-5). The case studies will include identifying the 
gap between the company’s current DSS and an envisioned SDSS 
and then identify ways to close that gap. From these specific 
experiences we will draw generic guidelines for how other 
companies could implement an SDSS (step 6 in Figure 2).  
 

 
 

Figure 2. Iterative research approach & expected results. 
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Abstract 

Companies are finding that customers increasingly demand 
“sustainable products” while also noticing economic benefits from 
eco-efficiency and other sustainability-related design approaches. 
Employees making product-related decisions need support tools to 
incorporate sustainability considerations – both at strategic (e.g. 
regarding product lines to develop) and operational levels (e.g. 
detailed design). This paper presents the results from a set of 
interviews that explored where and how sustainability 
considerations are taken into account in the product innovation 
processes of six Swedish companies. Results are presented as a 
map of the overall company operations in relation to a generic 
product innovation model, followed by a map of the places where 
sustainability considerations are made in that model. Some of the 
tools that are used to support those sustainability considerations are 
also briefly described. The conclusion is that there are some, but not 
sufficient, tools and methods to support inclusion of sustainability 
aspects in the product innovation processes of these companies. 
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1 Introduction  

1.1 Sustainability challenges and product 
innovation 

The major global sustainability challenges now facing society, e.g., 
climate change, access to potable water, biodiversity loss, etc. 
provide cause for major concern with the long-term viability of 
human society [1]. Product innovation is a particularly critical 
intervention point for the transformation of society towards 
sustainability. Current socio-ecological impacts over product life-
cycles are evidence that current practices are insufficient. Previous 
studies have focused on environmental aspects in product 
development (e.g. [2-7]), including case studies with companies in 
Sweden (e.g. [8, 9]). This study differs in two ways from these 
studies: first, by utilizing an alternative approach to sustainability 
considerations that extends beyond a focus on known 
environmental issues (presented in section 1.2), and second, by 
using a general model of the product innovation process to identify 
where in the product innovation process sustainability aspects are 
considered (presented in section 1.3). 

1.2 A framework for strategic sustainable 
development 

This study uses a framework for strategic sustainable development 
(FSSD) to provide an underlying framework to keep the ultimate 
goal of socio-ecological sustainability in focus. This FSSD 
emphasizes that for human society to be sustainable, it should stop 
systematic destruction of the ecological and social systems that it 
depends upon [10, 11]. This differs from some other working 
definitions of sustainability, which often suggest that “less bad is 
sustainable,” e.g. products that use less energy or less water or 
emit less CO2 are “sustainable products” [12]. This FSSD-based 
sustainability perspective has previously been integrated into 
product development procedures and processes [5, 13] and one 
study incorporates the FSSD’s basic principles for socio-ecological 
sustainability into the main steps of life cycle assessment to then 
support product development [14].  
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1.3 A product innovation model 

This study uses a model of a generic product innovation process 
from Roozenburg and Eekels [15] (Figure 1) to guide the 
interviews. This model distinguishes between product development 
and innovation, such that product development is part of – but not 
the entire – innovation process. This model also distinguishes 
processes from the result of the processes. When exploring where 
tools are used, this model helped to differentiate between process-
oriented tools (i.e. tools used during a process) and assessment or 
analysis tools (tools used to assess the outcome after a process 
has been completed).  

1.4 Study purpose 

This study addressed the question: how and where is sustainability 
considered in the product innovation process at some different 
companies? Results from this study contribute to an initial 
descriptive phase of an ongoing project described in [16], and will 
be used to inform opportunities to better: 1) incorporate 
sustainability into the product innovation process, 2) connect 
strategic and operational levels in companies, and 3) develop 
specific methods and tools to support the previous two points. This 
study is guided by the extensive literature study by Baumann et al. 
[6], specifically with regard to how management, environmental, 
and product innovation issues are integrated, as well as where in 
the product innovation process various tools are used to consider 
both management and engineering perspectives. 

2 Research approach 

2.1 The companies 

Six companies that were interviewed for this study: 
 (A) A producer of light tubes that last about four times longer 
than average tubes. The company has approximately 200 
employees and an annual turnover of €40M. One product engineer 
and the environment/quality manager were interviewed 
 (B) A manufacturer of compaction machines with approximately 
800 employees and an annual turnover of €230M. The product 
development manager was interviewed. 
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 (C) A company that develops, manufactures, and sells 
adaptable sealing solutions for sealing around cables or pipes that 
pass through walls. They have approximately 450 employees and 
an annual turnover of €95M. The environmental manager and two 
product developers were interviewed at this company. 
 (D) A recycler of electronic materials with approximately 150 
employees and an annual turnover of €22M. The plant manager 
was interviewed. 
 (E) A product / technology development support company that 
has around 4000 employees. Four people were interviewed: 
Environmental Manager and Feature Specialist, Feature leader for 
the Environment and Fire Safety, Purchasing Director, Product 
Development Manager 
 (F) A producer of jet engine components that has around 2300 
employees and an annual turnover of around €465M. One project 
manager, one product development engineer, and the 
environmental impact specialist were interviewed. 

2.2 The interviews 

Between one and four people working with product innovation or 
environmental management systems were interviewed at each of 
the six companies. An interview guide with three sections was used 
to perform semi-structured interviews. The questions in that 
interview guide were sent to the interviewees two weeks prior to 
the interviews. Four researchers from BTH were involved in these 
interviews, with between one and three involved in each interview. 
The sections were as follows:  

i) Company Product Innovation Processes Compared to the 
Model: Using the Roozenburg and Eekels diagram of the product 
innovation process (shown in Figure 1), a comparison was made 
between where the company is working and where the company is 
including sustainability. First, it was determined where the company 
sees itself working within that diagram, e.g. is it mainly focused on 
product development (without production), is it mainly focused on 
production (without the development), or does it focus somewhere 
else? This is presented in section 3. 

ii) Where Sustainability is Considered in the Company’s 
Process: Where, with regard to the innovation model, are 
sustainability-related decisions taken? (presented in section 4), and 
what sustainability-related tools are used, and where are they 
used? (presented in section 5). 
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iii) Sustainability-Related Opportunities: Where, with regard to 
the innovation model, do the interviewees feel that additional tools 
would be helpful, or where should additional decisions be taken 
with regards to sustainability considerations? (presented in section 
6). 

3 Company product innovation processes 
compared to the model 

Primary activities in four of the companies (A,B,C,F) essentially 
covered the entire innovation diagram, i.e. each of these processes 
at the companies are addressed in the daily work. This is 
represented by the shaded area in Figure 1. The other two 
companies (D,E) had more targeted areas in daily operations. One 
is primarily a technology development company (E) and does not 
produce any physical products; this is indicated by the dotted line in 
Figure 1. Company (D) works with electronic waste, and as such is 
not involved in product innovation, though the company does have 
its own production plan regarding how to process the electronic 
waste.  
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Figure 1. Operational activities at the participating companies mapped 

onto a generic product innovation diagram (adapted from Roozenburg and 

Eekels 1995). Four companies (A,B,C,F) work in the shaded areas, while 
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Interviewees generally agreed that the Roozenburg and Eekels 
model was a good enough generic representation of their 
processes. One modification suggested by several of the 
companies was that “Product designing” and “Marketing planning” 
often have a significant influence on “Generating and selecting 
ideas”, so there could be a link back to that box. 

4 Where sustainability aspects are 
considered 

All six companies have a sustainability aspect that plays a 
significant role in their product policy, as will be described in 4.1. 
However, none of these companies incorporated tools or decisions 
that suggested they include a strategic sustainability perspective in 
their complete process (i.e. a conscious step-by-step approach 
towards eliminating its contribution to global social and ecological 
un-sustainability while improving its competitiveness).  

4.1 Policy formation 

All five of the companies that had daily activities in the policy 
formation area (A,B,C,E,F) had something in their product policy 
related to improving the sustainability performance of their 
products. For example, Company A’s product inherently has an 
attribute that is generally considered positive from an 
environmental perspective: it is designed for long life times, so that 
fewer of the light tubes and thus the life cycle activities associated 
with production, transport, end-of-life, etc. are used. Company B 
has a strong focus on reducing energy use in their machines. 
Company C develops “sealing solutions” that are intended to 
improve safety and efficiency of the structures they are used in. 
Company E has 32 product features that must be addressed for the 
products they develop; five of these are specifically focused on 
sustainability-related issues. Company F has a strong emphasis on 
reducing component weight in recognition that the lighter their 
components are, the less fuel the airplanes will require.  
 
In addition, two of the companies (E,F) have “environmental care” 
as one of their three core values. While it is not clear how this 
affects the product innovation process, these core values were 
repeated multiple times by interviewees when they were asked 
about sustainability. They also stated that they have environmental 
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issues in their minds during their daily work, and suggested that is 
largely influenced by these core values. 

4.2 Idea finding 

Companies used the sustainability aspects from their product 
policies as inspiration for idea finding. For example, long-life, light-
weight, or low energy use over the life cycle were motivating 
factors in the generation/selection of ideas, and in the assessment 
of new business ideas. It was not clear, however, if or how a more 
comprehensive or strategic sustainability perspective was explicitly 
included in any of the companies during idea finding, either for the 
generation of new ideas or for the evaluation of ideas.  

4.3 Strict development 

There was consistently good alignment between product policy and 
the strict development phase for those sustainability considerations 
that were included in the policy formation phase, i.e. if something 
was stated in the product policy, it was taken into account in some 
way during the development phase. Similarly, if something was 
lacking in the product policy, it was not likely to be considered in 
the development process. In short, sustainability aspects were not 
added for the first time in the development phase. 

4.4 Realization (production, distribution, and sale) 

All companies have an environmental management system (EMS), 
which is typically focused on facilities and operations management 
during production. Several companies also stated that they 
considered impacts outside of their own facilities, such as the 
distance between suppliers and their own facilities when choosing 
suppliers in an effort to reduce transports for both economic and 
environmental reasons. 
 
Social aspects of sustainability were often mentioned here, also, 
with regard to the company’s own production facilities, e.g. worker 
exposure to hazardous emissions, high noise levels, or 
ergonomically unfriendly conditions. With the two larger companies 
(E, F), there was explicit reference to also considering working 
conditions at their suppliers. 
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4.5 Realization (use) 

All of the companies in this study had a life cycle perspective of 
their product that included the use phase, thus they saw value in 
improving the sustainability performance of their product during its 
use phase even though the product would no longer be in the 
company’s possession. At the same time, the sustainability aspects 
that companies considered were usually partially aligned with other 
considerations in the process, primarily legislation and cost. For 
example, fuel efficiency is a significant consideration when 
developing products at several companies both to comply with 
legislation and to lower operating costs for their customers. Of 
course, fuel efficiency is also commonly considered a sustainability 
aspect.  
 
One of the companies (E) had done a significant amount of work to 
determine the life cycle environmental impacts of their product, and 
had taken steps to develop key indicators to address the major 
environmental impacts. This resulted in five features that were 
included in the overall 32 product features that were set for each 
development project. The other companies had made educated 
estimations of sustainability impacts across their products’ life 
cycles, though they seemed less thorough in their identification of 
the key sustainability impacts. 

5 Tools to support sustainability 
considerations 

Here tools are listed that were identified during this study, along 
with a brief description of how they were being used. During these 
interviews, the interviewees showed relatively limited tools or 
decision support in the area of social sustainability. Additional tools 
are used for other, though sometimes related, purposes; e.g. 
prioritization matrices, computer-aided design (CAD) and other 
simulation tools, etc. Focus here is on those tools that are more 
directly and distinctly connected to sustainability. 
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5.1 Material lists 

All of the companies had some type of guidance for material 
choices in the form of a list. These lists were typically based on 
substance lists directly from legislation such as Registration, 
Evaluation, Authorisation and Restriction of Chemicals (REACH) 
and customized specifically for the company. They often took the 
form of lists of “banned substances” that should not be used at all 
and a list of “substances to avoid” that should only be used in 
special circumstances or with the intent of phasing the substance 
out. Sometimes these lists applied only to substances that would 
be used in products, and other times these lists applied also to 
substances that might be used in the production process. Other 
material lists include PRIO – a web-based tool developed and 
maintained by the Swedish Chemicals Agency – to work toward 
reducing risks to human health and the environment. Companies 
also stated that they often must comply with requests from 
customers to not use particular substances. Nearly always, these 
material lists were used in product designing and often also for 
verification after the product design was finalized. 

5.2 Environmental management system (EMS) 

All of the interviewed companies had an Environmental 
Management System (EMS) following ISO 14001. The EMSs were 
mainly used in connection with production to structure and organize 
the companies’ work regarding known environmental impacts like 
reduction of emissions, substitution of chemical, and reduction of 
transport.  

5.3 (Product-based) Environmental impact 
assessment (EIA) 

Three of the six companies (C,E,F) used Environmental Impact 
Assessments (EIA) to assess their products’ environmental 
impacts. These EIA tools were company specific, and vary some-
what in complexity and completeness with regard to both environ-
mental impacts that were considered, and to the extent that the 
product’s life cycle activities were addressed. Common among the 
companies is that the EIA was mainly used late in the product 
development process to assess already developed concepts or 
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products where many design decisions had already been taken. 
Thus, the tool was in the “product design” circle of the product inno-
vation model (and not the “product designing” box), and had 
relatively little impact on the development of the current product. 
Learning from the EIA, however, was sometimes utilized in 
significant ways to innovate in future development projects. 

5.4 Life cycle assessment (LCA) 

Two companies (E, F) have in their product development process 
the option to conduct an LCA on their products after they are 
designed in order to verify environmental performance. Two other 
companies (A,B) do not currently use LCA, but would like to 
explore its use for comparing new products with existing or older 
products to ensure that newer products do have an improved 
environmental performance or in order to have a better under-
standing of the relative environmental impacts of various aspects of 
their product. Company (C) expressed interest in LCA-like appro-
aches to better understanding the environmental consequences of 
their product, but were mostly interested in the life cycle approach, 
not LCA specifically.  

6 Sustainability-related opportunities 

Interviewees were asked about the sustainability-related gaps that 
they saw in their companies; this section presents a summary of 
their responses. 
 

6.1 Use of an LCA-based tool 

Three companies (A,B,C) expressed an interest in having an LCA-
based tool that would enable them to quantitatively compare 
product concepts, as well as to compare existing products with new 
products to see if they have improved sustainability performance. 
As noted above, two of the companies were already using LCA 
tools. 
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6.2 More information about early life cycle stages 
of materials 

There is a need for more data regarding the sustainability impacts 
from early life cycle stages of materials. A distinction can be made 
between general data regarding sustainability impacts for a type of 
material (e.g. aluminum requires X% more energy than steel to 
produce) and specific data from a company’s own supply chain. 
While access to and use of this information varied greatly among 
these six companies, all were interested in having more data. 
 

6.3 Clearer guidance during idea generation 

Understanding that the only concepts that can be developed are 
those that are thought of during idea generation, one interviewee 
suggested that it would be helpful to have more sustainability-
focused thinking during the idea generation. Interviewees at other 
companies echoed this to greater or lesser extents. 
 

6.4 Support in connecting sustainability aspects to 
“the bottom line” 

Though suggested in different ways by different companies, there 
is clearly a need for evaluating how the consideration of sustain-
ability aspects during product innovation can influence the eco-
nomic success of the company. To one company (C) this meant 
showing how a focus on sustainability issues could directly reduce 
costs or lead to improved efficiency and production. Another 
company (B) talked about this with regard to the cost of operating 
their product, with the explicit assumption that if they could show 
reduced life cycle costs, this would lead to more success for the 
company. 
 

6.5 Life cycle consideration of other impacts of 
substances  

The electronics recycling company (D) pointed out that many 
companies have lists that guide substance selection, and that often 
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those lists are directly or indirectly based largely upon known 
environmental impacts. The interviewee said that there are other 
substances that might not be toxic, but that they can cause other 
“problems” in the material life cycles, e.g. with regard to the 
recyclability of other materials. He suggested that material 
guidance lists could be adapted so that they guide toward the use 
of materials that have more favorable life cycle attributes, e.g. are 
more easily recycled. 

7 Discussion 

Most of the decision processes and tools described by the 
companies were based upon known environmental impacts. In 
some ways this is considered to be the most practical, i.e. why 
worry about something if it is not known to be a problem? On the 
other hand, increasing dependency on technologies that are not 
known to be ‘safe’ can lead to future problems [17]. For example, 
the material lists used by the companies in this study are mainly 
intended to avoid using materials that have known environmental 
impacts and materials that are prohibited by legislation. Material 
lists that can be used for sustainability considerations also could 
consider other socio-ecological aspects, e.g. material scarcity, 
working conditions for people involved in the material’s life cycle, 
and more directly: materials that are not currently known to cause 
problems, but are also not known to be ‘safe’. In line with the 
above-mentioned FSSD, a precautionary approach is more 
strategic, especially given the rapid development and increasing 
pace at which new technologies are implemented and this 
necessitates ensuring that today’s solutions do not lead to future 
problems. 
 
Identification of key sustainability features in product requirements 
is an example of how to insert the sustainability aspects in an 
operational way. One of the six companies (E) has undergone a 
rigorous process to identify key sustainability features that it can 
then include at the requirements level. This process was 
specifically focused on identifying sustainability features, and 
resulted in five features that insert the sustainability aspects in an 
operational way into the workspace of the designers and 
engineers. These requirements must be set and met during product 
development. Several of the other companies have included 
sustainability-related aspects at the product policy level. This often 
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translates into one (possibly more) specific requirements that also 
come into the workspace of the designers and engineers. With 
these other companies, the selection of these key aspects at the 
product policy level appears to be less rigorous from only a 
sustainability perspective, and instead more of a combination of 
what is perceived to be good for both socio-ecological sustainability 
and economically for the company and its customers. This is not to 
say that one approach is better, but only to acknowledge a different 
approach and raise the question for possible further exploration. 
 
There are opportunities for knowledge and experience from 
working with a company’s environmental management system 
(EMS) to support product innovation, e.g. to inform material and 
process selection during product development. EMSs are often in 
place in order to ensure compliance with legislation regarding 
substance use and handling, and these systems are reviewed 
periodically in order to ensure that the company keeps the 
certificate.  
 
All of the companies, to a greater or lesser extent, use a 
forecasting mindset that suggests that the main negative 
environmental impacts should be identified and reduced. This is a 
good approach when there are significant opportunities with “low-
hanging fruit” – opportunities for major environmental improvement 
in the short term. However, a different approach is needed when 
these “low-hanging fruit” have been “harvested” and it is desirable 
to continue to advance the way in which sustainability is used to 
drive innovation. In order to continue to find significant 
sustainability improvements, it is possible to use the FSSD 
approach to look to different system levels and explore 
opportunities for optimization and innovation. These opportunities 
bring new challenges with regard to how companies collaborate 
across value chains. 
 
Using a general model of the product innovation process to map 
where various tools or methods are actually used to consider 
sustainability aspects in company processes is expected to aid in 
the continuation of this research project with its aims as described 
in section 1.4. 
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8 Conclusions 

This study maps sustainability considerations of six companies on 
a general model of the product innovation process, and shows how 
all six companies have taken steps to consider sustainability 
aspects through the tools used and decisions taken during their 
product innovation processes. However, there is significant 
opportunity to better incorporate tools and decisions that 
demonstrate a strategic sustainability perspective throughout the 
process that will allow for an intentional step-by-step approach 
towards eliminating its contribution to global social and ecological 
un-sustainability while improving the company’s competitiveness.  
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Abstract  

Increasing market demands for 'sustainable products' has in the 
development of disposable diapers resulted in a focus on material 
substitution and weight reduction. In this study we have compared 
the strategic potential of these two approaches for development of 
the absorbing core of the product. The study indicates that 
regardless what strategy a company selects for reducing a 
products socio-ecological impact, both society and environment 
would benefit from a stronger focus on the long term goal of a 
sustainably product, instead of the milestones.  
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1 Introduction 

Due to increasing human population, high consumption and un-
sustainable management of products and services, we are now 
exceeding sustainable use of natural resources. In combination 
with impacts from e.g. ecosystem displacement and pollution of air, 
water and soil, this has resulted in a decline, on a global scale, of 
the potential of Earth's ecosystems to sustain civilization [1-3]. One 
way to reduce society’s socio-ecological impacts is to reduce 
impacts caused by consumption of products. Strategies for 
reduction of products' socio-ecological impacts include developing 
new ways of fulfilling the function provided by the product, reducing 
the use of resources through various means of dematerialization, 
substitution of such materials that are difficult and expensive to 
manage in a sustainable way, and through increasing material and 
energy recycling.  

The use of disposable diapers is significant, and 3-15 % (w/w) of 
the municipal solid waste has been calculated to originate from 
disposable diapers [4-5]. In addition, the use of incontinence 
diapers is expected to increase with the increasing number of old 
people [6]. The waste management of diapers is today mainly 
through incineration or landfill.  

Producers, industry associations and organizations developing 
eco-labelling and procurement criteria use life cycle assessment 
(LCA) to measure the environmental impact of diapers. According 
to the sustainability report from the international association serving 
the nonwovens and related industries, Edana [5], material 
production and waste treatment are the two dominant life cycle 
phases behind the causes of global warming impact from diapers.  

A diaper is generally built up by a back sheet of petroleum based 
Polypropylene (PP), 10 % (w/w); an absorbent core of Fluff Pulp, 
30-60 % (w/w) and petroleum based Polyacrylate, so called SAP - 
Super Absorbent Polymers, 12-30 % (w/w); a top sheet made of 
Polyethylene (PE), 10 % (w/w) and other petroleum based 
materials such as tape, elastics and glues, 6 % (w/w) [5]. 
Consequently, non-renewable materials make up 40-60 % of a 
diaper. 

During the past 20 years, the typical disposable diaper has 
developed into a thinner, drier and more comfortable product to 
wear, a product with reduced weight and with an improved function 
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[22]. This has mainly been achieved through increased use of SAP 
which has high absorbency. Drivers in this development are, 
among others, criteria for eco-labelling and green procurement 
[5,7,8]. 

According to green procurement and eco-labelling organizations, 
future criteria for diapers are suggested to focus on reduction of the 
amount of non renewable material in the product on weight 
reduction, and on biodegradability of products [7,8]. The first steps 
in order to develop the product in accordance with these potential 
criteria is suggested to be one of the two following approaches; i) 
weight reduction through increased use of SAP in the product or 
ii) material substitution through making a new super absorbent from 
wood by utilizing the wood fiber properties[9]. However, to develop 
a substitute material in a product can be an expensive and time 
consuming process. Therefore producers want to ensure that the 
planned change will lead to a more sustainable product, give a 
return on investments, and that it will contribute to long term 
sustainable management of the product.   

This takes us to the research question of the present study: 

How can weight reduction compared to material substitution 
contribute to the long term development of a sustainably managed 
diaper? 

 

2 Method 

We have assessed the potential to contribute to a strategic 
movement towards a long term sustainable management of a 
diaper of two different approaches; i) weight reduction through 
increased use of SAP in the product and ii) material substitution 
through making a new super absorbent from wood by utilizing the 
wood fibers properties.  

The assessment considers a full product lifecycle, where the diaper 
is incinerated as end of life treatment. However, production capital 
(e.g. construction of production facilities, roads or waste treatment 
facilities) will not be considered. Data for the assessment is 
collected from literature.  

The assessment was performed using a generic framework for 
strategic sustainable development (FSSD) [11-15] . The FSSD is a 
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five level framework for strategic planning towards a sustainability 
objective. The framework encourages a description of the system 
thorough enough (level 1), to be able to arrive at a robust definition 
of sustainability objective of e.g. a plan/project/organization or 
protocol (level 2), which is a prerequisite for making use of strategic 
guidelines (level 3) when actions (level 4) and support tools for 
monitoring, coordination and decision-making (level 5) are 
selected. 

A clear definition of the desired outcome – the sustainability 
objective (level 2) is the key in any planning effort. For complex 
systems, e.g. the life cycle of disposable diapers within society 
within the biosphere; the objective is preferably defined by 
overarching principles that have to be met in a sustainable society. 
Only after success is clearly defined, can strategic guidelines (level 
3) be of support for the selection of actions (level 4) to 
systematically approach the defined success (level 2).  

The system analyzed in this study is 'the life cycle of disposable 
diapers'. The sustainability objective was defined as long term 
sustainable life cycle of diapers where sustainability was defined by 
the four sustainability principles (SP1-4) of the FSSD: 

In a sustainable society, nature is not subject to increasing... 

SP1 - concentrations of substances extracted from the Earth’s 

crust, 

SP2 - concentrations of substances produced by society, 

SP3 - degradation by physical mean.  

And in that society... 

SP4 - people are not subject to conditions that systematically 
undermine their capacity to meet their needs. 

It is noteworthy that the principles are designed as constraints for 
sustainability in the whole biosphere. For the individual 
organization or topic, in this case the lifecycle of disposable 
diapers, the context is given by asking if it contributes to violations 
of the sustainability principles.   
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The strategic guidelines, from which we assessed the different 
approaches, were: 

 Will the approach lead in a direction towards success?  

 Does the approach constitute flexible platforms for further 

development towards success? It is important not to "lock 

on target" prematurely by having overly rigid ideas what 

sustainability will look like.  

 Will the approach give sufficient return on investment 

allowing for continuous improvements towards the goal? 

 

3 A sustainably managed product 

3.1  Demands on a sustainably managed diaper  

A sustainably managed diaper must not, during its lifecycle, 
contribute to violations of any of the SP's - to avoid solving one 
problem by introducing a new. For a sustainably managed diaper 
that is incinerated after use, this means that its function should be 
fulfilled, it should absorb and retain liquids in an excellent and 
resource efficient manner (SP4). Furthermore, it should be 
produced by renewable resources that are extracted from 
sustainably managed ecosystems (SP3), and it should not emit any 
persistent substances foreign to nature (SP2) or substances 
possibly harmful to humans or ecosystems during its lifecycle (SP1 
& SP2). Finally, all processes in the products lifecycle should be 
guided by respect for human rights (SP4). 

3.1.1 Gaps for existing products in relation to a sustainably 
managed diaper  

The gaps for existing products in relation to the above outline of a 
sustainably managed diaper are discussed in the following section. 

SP1 Diapers consist of 40-60% plastics produced from limited non-
renewable resources of petroleum. The incinerated plastics will be 
emitted as carbon dioxide and contribute to global warming. The 
production processes and transports are energy demanding and 
will, if non renewable energy sources are used, contribute to global 
warming. 
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SP2 Substances will increase in concentration due to either that 
they are persistent (often because they are foreign to nature), as 
for dioxins from incineration or that the anthropogenic flows are 
relatively large in comparison to natural flows e.g. NOx from 
transport emissions and/or incineration. Use of auxiliary chemicals 
(chemicals used in production), and stabilizing agents and other 
additives in the plastics are known to contribute to emissions of 
substances that risk increasing concentrations in nature. Another 
issue, particularly associated with use of incontinence diapers for 
elderly people, is contamination by drug residues. Most of these 
drug residues will transform into naturally occurring substances 
during incineration, however there might be residues left in the 
ashes [16]. 

SP3 Wood harvesting for the pulp might lead to degradation of 
nature, if the forest is not managed in a sustainable way. Ashes 
from incineration of waste are put on landfills and will cause 
displacement and degradation of nature. 

SP4 Diapers can have a positive impact on people’s lives by 
fulfilling their function in a way that let the user be more active. In 
order not to contribute to violations of people's possibilities to fulfill 
their needs, it is of importance that all processes are guided by 
respect to human rights and that resources are used in an efficient 
way to make sure available resources are enough to fulfill different 
needs in a global perspective.  

3.2 Approaches in relation to the sustainability 
objective 

The previous section reveals that there are significant gaps 
between today´s diaper and a sustainably managed diaper. How 
will then the two approaches: i) weight reduction through increased 
use of SAP in the product and ii) material substitution through 
making a new super absorbent from wood by utilizing the wood 
fibers' properties contribute to fill this gap? 

3.2.1 Weight reduction through increased use of SAP in the 
product 

SAPs are known to have excellent liquid absorption properties. 
Increasing the amount of SAP in the product will therefore give a 
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possibility to reduce the amount of fluff, thus enabling a reduction 
of the product's total weight. 

SAPs are today not produced from renewable resources but 
research is conducted within this area [5,16,17-20]. The SAP is 
known to be problematic in landfills due to that it is not 
biodegradable (SP2) [4,9], this product is therefore not suited for 
alternative waste treatment systems like landfill or composting. 

3.2.2 Material substitution through replacing SAP with 
absorbents made from wood 

One environmental implications associated with the use of SAP 
produced from petrochemicals, is that the substances will, through 
incineration, be transformed into carbon dioxide (SP1). Material 
substitution by replacing the SAP with super absorbents made from 
wood fiber, will, increase the amount of material produced from 
renewable resources in the diaper. Research is conducted for 
making super absorbents from wood [9]. 

3.3 Strategic potential for the assessed 
approaches 

When selecting what approach that will best contribute to a 
movement towards a sustainably managed product, there are three 
important strategic guidelines to evaluate them from. 1. Will the 
approach lead in the right direction? 2. Will the approach build 
flexible platforms that make continuous progress towards success 
possible? 3. Will the approach give return on investment that allows 
for continuous improvements? 

Both approaches have the same possibility to fulfill the required 
function, to only use renewable resources produced in sustainably 
managed ecosystems and ensure that all processes in the lifecycle 
are in line with criteria for social sustainability.  

If today's SAP can be produced from renewable resources and a 
wood fiber super absorbent can be produced, both approaches 
have the same possibility to reduce the amount of non renewable 
material in the product.  

If the product will be incinerated after use, both approaches have 
the same possibility to prevent emissions of substances possibly 
harmful to the environment. However, absorbents made from wood 
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might be better suited for other waste treatment solutions, e.g. 
biological treatment, since it relies on a biological structure [4]. 

In the long term, the best diaper will be the one where the line of 
approaches will be performed in concert with market requirements 
and technical and economic feasibility. The possible return on 
investment is partly dependent on customer requirements. Today, 
many customers rely on eco-labelling and green procurement 
criteria to be able to consider sustainability aspects for a product. 
However, since both eco-labelling and green procurement criteria 
are focused on which of the alternatives that has the least weight, 
green house impact or contains the highest amount of material 
originally from renewable resources[7,8], there is a lack of a long 
term perspective focused on the 'sustainably managed product'. If 
the companies or the trade organization instead could move their 
focus towards the long term goal of a sustainable product, and 
communicate this long term goal as well as their strategy to 
approach it, it would be a win-win situation for the environment, the 
society and the companies. 

We therefore recommend that the industry association, except 
demands regarding relevant laws and regulations, also focus on: 1) 
what are the gaps towards a sustainably managed product, 2) how 
could a long term strategy towards a sustainably managed product 
be built and 3) communication with customers as well as eco-
labelling and green procurement organizations to build a movement 
towards a common goal. 

 

4 Summary and conclusion 

Today´s diapers need to develop to fill the gap towards a 
sustainably manageable product. This development would benefit 
from a long term perspective focused on the sustainability objective 
instead of competing in every single step of the development, e.g. 
regarding fulfillment of eco-labelling or green procurement criteria 
focused on what product that has the lowest weight or the highest 
percentage content of substances originally from renewable 
resources at a specific time - it is more important to win the race 
than to win the sprint prizes in the beginning of a long race.  

The development of a 'sustainably managed diaper' is dependent 
on many different aspects, e.g. resource availability, material 
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development and customer demands. Regardless what strategy a 
company selects for improvement of their product, it is essential, in 
order to get return on their investments, that they communicate 
what they are doing and put this in relation to their goal. That would 
reduce the risk of customers loosing trust in the company's socio-
ecological ambitions, as well as allow for the customer and society 
to support a long term strategy towards a sustainable product. 

Our study has discussed sustainability from many dimensions: 
sustainability for the whole biosphere (second level of FSSD), 
strategically/economically stepwise approaches while ensuring a 
sufficient return of investment, how easy it is to recycle materials, 
impacts at the site of sourcing and functionality - allowing the 
strategic approach to also improve or at least not deteriorate the 
functionality. 

This inherently means that there are many criteria for the 
evaluation of the sustainability of materials, distributed along 
different axes. What we would need today is databases for 
materials, where such criteria are evaluated separately. In each 
choice of different alternatives, during a product development 
cycle, the adequate criteria could be chosen. Data bases are 
generally not designed to allow this. The current design of material 
data-bases either have too few criteria, and/or are aggregating the 
criteria into “stories” that does not allow for a transparent display of 
the essential components for strategic sustainability approaches. In 
forthcoming studies, we are going to explore the feasibility of 
designing such data-bases.   
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Strategic sustainability considerations in 
materials management 

 
Pia Lindahl, Karl-Henrik Robèrt, Henrik Ny, Göran Broman 

 
Abstract 

Increasing awareness in business and society regarding socio-
ecological impacts related to society´s use of materials, such as 
future resource scarcity, climate change and pollution, is a driver of 
new materials management practices. The aim of this study is to 
gain insight into what considerations that comes into focus and 
what types of solutions that are revealed when companies apply a 
strategic sustainability perspective to materials management. Case 
information was collected through literature reviews and semi-
structured interviews with people working in six organizations 
known for proactivity when it comes to sustainability. We found that 
these organizations assessed actions not only as regards their 
potential to reduce a selection of current socio-ecological impacts 
but also as regards their potential to link to forthcoming actions 
towards the full scope of socio-ecological sustainability. Through 
this approach, they have found several ways by which materials 
with problematic characteristics (e.g. eco-toxicity and bio-accumu-
lation) can be managed by making strategic use of other charac-
teristics (e.g. persistence and recyclability) of those materials. For 
example, materials made from non-renewable resources or associ-
ated with problems at end of life treatment could be managed in 
closed loops facilitated by the persistence of the material, and, 
where material substitution is required, a conscious influence on 
customer behavior could make a change possible. The results 
highlight (i) the possibility of enabling sustainable materials man-
agement practices by using a strategic sustainability perspective in 
combination with material characteristics knowledge and (ii) that a 
static division of “sustainable” vs. “unsustainable” materials (e.g. 
through lists of forbidden and allowed materials) is not necessarily 
rational. More subtle considerations are needed. By not applying a 
strategic sustainability perspective to materials management, or-
ganizations risk using “sustainable” materials in unsustainable 
ways or phasing out “unsustainable” materials that, managed dif-
ferently, could be helpful for sustainable development.   
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1 Introduction 

All ecological and many social sustainability problems are directly 
or indirectly related to materials and material flows. Negative 
impacts occur throughout the materials’ life-cycles from extraction 
through transports, production, use and disposal of the material. 
This is true also for sustainability problems related to society’s 
current use of energy. It is not the energy use in itself that creates 
the sustainability impacts but the accompanying flows of matter.  
 
The implications of unsustainable materials management cover a 
wide variety of aspects. Examples include clear cutting and strip 
mining at the sites of sourcing, pollution and waste generation and 
structural change and degradation of social systems by, for 
example, improper working conditions amongst suppliers from the 
developing world.  
 
Socio-ecological impacts related to materials management vary 
from case to case, as do the options for appropriate measures. The 
focus of research varies, from material types and related 
characteristics, such as natural materials, renewable materials, 
recycled materials or the embodied energy of materials (Moore and 
Ausley, 2004; Jeremy, 2006; Niinimäki and Hassi, 2011; Álvarez-
Chávez et al., 2012; Rajendran et al., 2012) to the system in which 
the material is managed, such as visioning of material flows in a 
prototypical company of the 21st century  and material flow 
modeling including the planetary environment and the economic 
system (Geiser, 2001).  
 
The variation in research is also reflected in how sustainability 
aspects are considered in product development. Some support 
tools focus on specific  aspects such as embodied energy, toxicity 
and recyclability (Ashby, 2001) while other support tools  have a 
broader scope of environmental properties, eco-attributes or eco-
profiles (Karana et al., 2008). However, even though there are 
many different tools available, companies experience difficulties 
regarding how to implement strategies for sustainable materials 
management in their decision process (Abdul Rashid, 2009; 
Thompson et al., 2011). The lack of a more holistic sustainability 
perspective of the most commonly applied tools , and the strategic 
insufficiencies that follow from this , have been pointed out in 
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several studies (Byggeth and Broman, 2001; Robèrt et al., 2002; 
Byggeth and Hochschorner, 2006; Thompson et al., 2011).  

 
In previous studies on sustainable life cycle management and 
sustainable product development (Byggeth and Hochschorner, 2006; 
Ny et al., 2006; Byggeth et al., 2007; Ny et al., 2008; Hallstedt et al., 
2010) we have shown that a framework for strategic sustainable 

development (FSSD) is helpful in bringing about a perspective that 
is large enough in time and space (future sustainability for the 
global civilization). This framework is designed to help 
organizations manage the complexity of sustainability and find 
economically viable pathways to comply with a robust principled 
definition of sustainability. The FSSD enables the organization to 
find aspects of current activities that are critical from a socio-
ecological sustainability point of view, to envision solutions that 
comply with a principled definition of sustainability, and make 
prioritizations amongst those into action programs. For a brief 
description and references, see the next section. 
 
Through this study we aim to gain further insight into what 
considerations that comes into focus and what types of solutions 
that are revealed when companies apply the FSSD specifically to 
materials management.  

2 Framework for strategic sustainable 
development 

The FSSD is built on the understanding that to be able to plan and 
act strategically, it is essential to have a robust definition of the 
objective. Only with a sufficient understanding of the objective, is it 
possible to adequately deal with system boundaries, trade-offs, 
select adequate tools for the transition, calculate sustainable 
resource potentials and to cooperate across sectors and disciplines 
(Robèrt, 2012).  
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The FSSD comprises five levels, each used as a reference point 
for sustainability analyses (Robèrt, 2000; Robèrt et al., 2002). The 
levels are described briefly as follows: 

 
The system level - a description of the topic with its nested 
subsystems within society in the biosphere, 
The success level - success for the topic, that is, in this case 
sustainable materials management, informed by basic 
principles for sustainability, 
The strategic guidelines level – guidelines for stepwise 
approaches towards compliance with the defined success,  
The action level - concrete actions aligned with the strategic 
guidelines and put into a plan for compliance with the defined 
success, and  
The tools level - concepts, methods and tools to support and 
monitor the transition between the current situation and the 
defined success. 
 

The principled definition of sustainability, used within the 
success level, is (see, e.g., Robèrt et al., 2012): 

In the sustainable society, nature is not subject to 
systematically increasing… 
…concentrations of substances extracted from the Earth’s 
crust (e.g., fossil carbon and heavy metals); 
…concentrations of substances produced by society (e.g., 
nitrogen oxides and persistent organic pollutants); 
…degradation by physical means (e.g., by deforestation 
and overfishing). 
And in that society… 
…people are not subject to conditions that systematically 
undermine their capacity to meet their needs (e.g., by abuse 
of political and economic power). 
 

The overarching guideline for organizations to support society’s 
compliance with these principles is to integrate them with the 
objectives of the organization, that is, apply the sustainability 
principles as boundary conditions for redesign of visions and 
objectives, and then backcast from that integrated overarching 
goal. It means a stepwise approach, ensuring that early steps are 
designed to serve as (i) flexible platforms for forthcoming steps 
that, taken together, are likely to bring the organization to the 
defined success, by striking a good balance between (ii) direction 
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and advancement speed with respect to the defined success and 
(iii) return on investment to sustain the transition process. In 
addition, a sustainability strategy benefits from openness achieved 
through transparence, dialogue and influence throughout supply 
chains (Robèrt et al., 2002). For a further description of the FSSD, 
see, for example, (Robèrt et al., 2012). 

3 Design and conduct of the study 

The screening for suitable cases for this study was performed by 
interviewing representatives of organizations known for proactivity 
when it comes to sustainability. This resulted in a pool of cases that 
were investigated further. After evaluating the candidates, five 
cases were selected. The selection criteria were; (i) if the case was 
clearly related to different aspects of sustainable materials 
management, and (ii) if the case was clearly associated with the 
use of the FSSD. Data for the cases was collected through 
literature reviews and semi-structured interviews with people 
working as consultants, product developers and company 
managers with and within the selected organizations. The following 
questions were used to guide the literature review and the semi-
structured interviews for each case: 

 
1. Describe a specific case where material selection from a 

strategic sustainability perspective was done. 
2. What was the driver that led to this case? 
3. How did you define a successful materials selection? 
4. What aspects were used to assess the different materials 

choices? 
5. What strategies were used to manage the material in a 

sustainable way? 
6. How did the FSSD help you in this work? 

 
The following organizations participated in the study: Hydro 
Polymers, Rohm and Haas, InterfaceFlor, Electrolux, MAX and The 
Natural Step (an NGO for strategic advice on sustainability). The 
findings, reported below, were validated with the respondents. 
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4 Sustainability considerations in materials 
management  

4.1  Hydro Polymers – how to manage Poly Vinyl 
Chloride in a sustainable way 

The material Poly Vinyl Chloride (PVC) is a thermoplastic with 
many applications. It has been subject to intensive critique from, for 
example, environmental organizations, in particular with respect to 
emissions of persistent organic pollutants and heavy metals used 
to stabilize the material during thermal compounding and 
processing.  
 
To find out what it would take to make PVC sustainable, Hydro 
Polymers initiated a gap analysis, guided by the FSSD, which was 
conducted in a multi-stakeholder dialogue including the Environ-
ment Agency in the UK, The Natural Step in the UK and 
representatives from industry, retailers, Greenpeace, Government 
and science. The multi-stakeholder dialogue found that from a 
strategic sustainability perspective there are many conflicting 
aspects linked to PVC, including (Leadbitter, 2002; Everard, 2008):  

 

 Fossil raw materials and thereby contributions to impacts 
related to sourcing, as well as to climate change when 
incinerated.  
 

 Persistent organic pollutants and heavy metals, used in 
production and as additives, could be emitted to nature both 
from the production process and during or after usage.  
 

 The PVC matrix is essentially non-biodegradable, and could 
thus contribute to build-up of landfills. 
 

 During incineration of PVC, hydrogen chloride and dioxins 
could be created (Vogg et al., 1987; Aurell and Marklund, 
2009), and incineration under primitive conditions leads to 
severe emissions of these substances. 

 
However, it was also concluded that PVC per se does not shed 
PVC molecules to the environment when used, but can be 
regarded as an inert material with exceptional durability. This also 
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makes the material relatively easy to hold within recycling systems. 
The robustness of the polymer also implies a relatively lower need 
for flame retardants, which are often added to other polymers such 
as polyethylene or polypropylene and have shown to be 
problematic from a sustainability perspective.  
 
Among the key outcomes from the FSSD analysis were five 
challenges setting out what it would take for PVC to become 
“sustainable” (Everard, 2008; Leadbitter, 2011, 2002): 

 
1. The industry should commit itself long-term to becoming 

carbon neutral. This involves using renewable energy 
sources and getting the carbon to the polymers from 
other feedstock than fossil raw materials. 

 
2. The industry should commit itself long-term to a 

controlled system of PVC waste management. This 
includes, for example, stopping the use of PVC in 
traditional consumer goods and reserving the use of the 
material to building materials, pipes and other easy-to-
control applications. 

 
3. The industry should commit itself long-term to ensuring 

that releases of persistent organic compounds from the 
whole life-cycle do not contribute to in systematic 
increases in concentration in nature. 

 
4. The industry should review the use of all additives 

consistent with attaining full sustainability, and especially 
commit to phasing out all persistent compounds foreign 
to nature, as well as chemicals for which there is 
reasonable doubt regarding toxic effects. 

 
5. The industry should commit to the raising of awareness 

about sustainable development across the industry, and 
the inclusion of all participants in its achievement. 

This case shows that by assessing not only the material per se but 
rather how the material could be managed during its life-cycle, a 
material that is by many people regarded as inherently unsustain-
able could potentially be managed in a sustainably way and 
support sustainable development at large. In line with the fifth 
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challenge, the European PVC value chain has during the years 
since the gap analysis took place worked together with research 
and education towards sustainable management of PVC and  
formed a European wide voluntary commitment known as VinylPlus 
(Leadbitter, 2011; VinylPlus, 2011).   

 

4.2  Rohm and Haas – assessment of heat 
stabilizers for PVC using strategic life cycle 
assessment 

In the multi-stakeholder dialogue started by Hydro Polymers, Rohm 
and Haas got involved in their role as producer of PVC heat 
stabilizers. Their challenge was to replace heavy metals used as 
stabilizers with stabilizers that could more easily be managed 
within the constraints implied by the sustainability principles of the 
FSSD. 
 
To meet this challenge, the technology-, marketing- and strategic 
planners within Rohm and Haas employed an FSSD based method 
for Strategic Life Cycle Assessment (SLCA) (Ny et al., 2006). They 

compared alternative heat stabilizers from the perspective of a 
stepwise approach towards compliance with the sustainability 
principles of the FSSD. The four alternative technologies were: 
lead based stabilizers, mixed metals stabilizers (calcium and zinc), 
organo-tin stabilizers and organic based stabilizers. 
 
The process showed that zinc and tin both are substances that 
would be difficult to manage within constraints set by the first 
sustainability principle. Societal flows of zinc and tin are already 
large in relation to natural flows (Azar et al., 1996), implying a high 
risk of increases of concentration in nature. In fact, zinc is known to 
accumulate in natural systems already. However, the proposed 
organic based stabilizers were considered to have a very low risk 
of accumulating systematically in natural systems. Furthermore, 
they would also be relatively easier to recycle as well as constitute 
a flexible platform towards use of stabilizers made from renewable 
raw materials (Sederel et al., 2008).  
 
This case shows that by not only considering already known 
sustainability problems (related to known toxicity for lead and 
cadmium) but also assessing the risk of systematic accumulation in 



Paper D - Strategic sustainability con-
siderations in materials management  

 

91 

natural systems of the potential substitutes (zinc, tin and organic 
substances), future sustainability problems can be avoided. It also 
confirms the potential of multi-stakeholder collaboration employing 
the FSSD as a shared mental model for cohesive and strategic 
cooperation throughout value-chains.  

4.3  Electrolux - replacement of CFCs  

Electrolux, a producer of household white ware, was in the 1990s 
forced to find a way to replace the use of chlorofluorocarbons 
(CFCs),  used as cooling agents and to produce insulation in 
refrigerators and freezers, due to expected harsher legal 
requirements and customer requirements (Electrolux, 1996).  
 
The company compared different alternatives such as hydro chlor-
ofluorocarbons (HCFCs), hydro fluorocarbons (HFCs) and hydro 
carbons (HCs). All substances had their advantages and disad-
vantages:  

 

 HCFCs are, similarly to CFCs, relatively persistent sub-
stances foreign to nature that will degrade the ozone layer if 
emitted, though to a lower extent than CFCs.  
 

 HFCs do not degrade the ozone layer but they are also for-
eign to nature and have a large global warming potential.  
 

 HCs do not contribute to ozone layer depletion nor do they 
have a large global warming potential. However, HCs are 
highly flammable and could not be used in the current 
design of refrigerators and freezers. On the other hand, it 
was concluded that for consumer goods of this type 
(volumes of use) only the HCs alternative would be 
reasonable to manage within the sustainability principles of 
the FSSD. 

 
This led to the following reasoning and strategy, guided by the 
FSSD (Broman et al., 2000):  
 
Introducing HCFCs, the standard approach at the time, would have 
meant an improvement in relation to CFCs as regards ozone layer 
destruction potential. HCFCs, though, just like CFCs, are as 
pointed out relatively non-degradable in nature and therefore also 
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potentially problematic as regards the second sustainability princi-
ple. Also, future additional investments in a technology shift from 
HCFCs to HCs (the long term sustainable solution) were estimated 
to be very high. Taken together, this meant that even though less 
damaging than CFCs and even though an exact limit for their “safe” 
atmospheric concentration was not known, HCFCs were not seen 
as a good solution but as a dead end. On the other hand, going 
directly for HCs was deemed too risky at the time. The available 
refrigeration technology was not considered sufficiently ready to 
handle these cooling compounds in a safe way. Electrolux there-
fore designed a strategy building on the intermediate step of using 
an HFC cooling compound called R134a. Applying the FSSD, 
Electrolux knew that this was not a permanent solution, but it 
solved the acute problem with the ozone layer, and future addi-
tional investments necessary to shift from this platform to an HC-
based cooling technology were much more reasonable than the 
corresponding investments from a HCFCs platform.  
 
In 1993 Electrolux became the first producer with a complete range 
of CFC-free refrigerators and freezers.  In 1995 the HFCs were 
replaced by HCs in refrigerators and freezers produced for the Eu-
ropean market (Electrolux, 1994, 1996, 2000). 
 
This case shows how a long-term unsustainable solution might be 
a viable short-term platform towards a long-term sustainable solu-
tion if put into a conscious strategic plan. Going directly for HCs, 
before the related cooling technology was sufficiently safe, would 
most likely have meant severe problems for the company and for 
all “greening” of refrigeration for a long time. It could thus have 
slowed down the transformation towards a sustainable society 
compared to the chosen strategy. So, considering the dynamics of 
change in business and society, an “unsustainable” material (used 
temporarily) could be a better early step for sustainable develop-
ment than a “sustainable” material.  In 2006, Leif Johansson, for-
mer CEO of Electrolux, declared in a public speech (Johansson, 
2006): "It was not until ten years later that we fully realized how 
much money we had saved and earned from applying the FSSD to 
our business."  
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4.4  InterfaceFlor - closing the material cycle 

InterfaceFlor, producer of modular carpet tiles, decided in 1994, as 
a response to customer requests, to “be the first company that, by 
its deeds, shows the entire world what sustainability is in all its di-
mensions: people, process, product, place and profits - and in do-
ing so, become restorative through the power of influence“ 
(Anderson, 1999).  

 
Their main challenges were:  

 

 that the modular carpets were made from non-renewable 
and non-biodegradable materials such as PVC, polyester, 
polyamide, polypropylene and limestone,  

 that the glue used to secure the carpet tiles to the floor 
emitted volatile organic compounds , and, 

 that used carpets were contributing to the systematic build-
up of landfills (Anderson, 1999).  

 
Considering the advantage of the durability and recyclability 
potential of, for example, PVC and polyamide in the carpet tiles, the 
company decided to take control of the product life-cycle and 
develop closed loop materials management, rather than going for 
biodegradable materials. The use of small modular carpet tiles 
enabled easy replacement of worn-out or damaged carpet parts 
and thus a more efficient and economically viable use of the 
material. The development of a tape that adhere the carpet tiles to 
one another – not to the floor, did not only eliminate the need for 
glue but also facilitated the exchange of singular worn-out or 
damaged carpet tiles. Furthermore, through innovative design of 
the patterning of tiles, “non-directional” installation methods were 
made possible, allowing for flexible installation and thereby waste 
minimization. With a closed loop materials management and a 
reduction of waste generated, a substitution to polymers produced 
from renewable sources of carbon was affordable. Thus, a 
sustainable materials management was enabled through new and 
innovative design and technology development.  
 
InterfaceFlor has also made attempts to change its business model 
from one of selling carpets to one of leasing floor-covering 
services, providing the customers with “an attractive surface to 
walk on and look at”. In addition to reduced material flows through 
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prolonged life length of the carpet and through floor reconditioning 
by changing the carpet tiles that get most of the wear instead of 
changing the whole floor, the new business model will help 
InterfaceFlor to keep control of the material in the carpets and 
reuse it in new products after recycling (Anderson, 1999; Lovins et 
al., 1999; Andersson, 2012).  
 
This case shows that through innovative design, the waste 
generated at installation and maintenance could be drastically 
reduced and by utilizing the recyclability potential of the materials, 
closed loop materials management were made possible.  

4.5   Max - fossil free fast food through enabling 
customer actions 

Max, a Swedish hamburger restaurant chain, has in recent years 
increased their sustainability efforts and was in 2011 seen as 
Sweden’s “greenest alternative” in the fast food industry (Burling, 
2012). The driver of this work has been the company 
management’s conviction that strategic sustainability work will be of 
benefit for the company (Larshans, 2012). As part of the company’s 
long-term sustainability goal, the company has decided to become 
fossil free. ”We have decided to not only reduce CO2-emissions, 
but to completely eliminate contributions to emissions of the 
greenhouse gases carbon dioxide, methane and nitrous oxide” 
(Larshans, 2012). The rest of Max sustainability strategy is 
developed in line with this objective through backcasting from a 
situation when the energy and material use during the life-cycle of 
Max products is sustainable.  
 
One of the main sources of the company’s greenhouse gas 
emissions is the production of meat for the burgers. To tackle this 
problem, linked to the heart of their business, the company started 
to make changes in their product range to reduce the meat content 
in the burgers and to provide low-carbon alternatives. For example, 
a beef burger has a significantly higher carbon footprint than a 
chicken burger or a vegetarian burger (Max 
Hamburgerrestauranger AB, 2012).  By communicating the carbon 
footprint of each burger to its customers, Max highlights the 
consequences of the customers’ choices and enable them to take 
active decisions (Dilley et al., 2010).  
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This case shows how an actor close to the end of a value chain 
can influence customer behavior and in that way change the 
demand for certain “materials” and thus avoid related sustainability 
impacts in earlier stages of the value chain. Through transparency 
and communication within their value chain as well as with 
politicians, Max strives to contribute to the outgrowth of fossil-free 
agriculture and transport systems (Dilley et al., 2010; Larshans, 
2012). 

5 Discussion 

5.1    Key findings 

The strategies found within the studied cases point to the 
possibilities of using a strategic sustainability perspective in 
combination with knowledge on various material characteristics to 
open up for those new and sustainable materials management 
practices. For example, controlled management of the material life-
cycle could be enabled through value-chain collaboration and 
material substitution could be enabled through communication and 
transparency. In general, we see how material selection and use 
can be guided by a vision of how the materials could be managed 
within sustainability constraints and by strategic guidelines for 
designing context specific step-wise approaches of intermediate 
solutions towards that vision. This is in contrast to only making 
short-term choices between alternatives based on known socio-
ecological impacts associated with the materials.   

 
Based on the literature review and the examples presented in this 
paper we propose the following general conclusions: 

 
1.  There are no inherently sustainable or unsustainable 

materials. Though certain materials are easier than others 
to manage (financially and technically) within sustainability 
constraints, the important distinction to make is the one 
between sustainable and unsustainable management of 
materials.  

 
2.  Rational approaches to sustainable materials management 

rely on considerate use of a flora of considerations and 
possibilities bearing in mind, for example: 
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i. To motivate the use of materials that are difficult to 
manage within sustainability constraints, it is essential to 
demonstrate why the same functionality of the materials 
in question cannot be provided by other materials  that 
are easier (financially and technically) to manage 
sustainably.  

ii. Sustainable materials management requires a life-cycle 
perspective, considering socio-ecological impacts at, for 
example, material extraction, use and disposal. This 
could be facilitated by, for example, value-chain 
collaboration (as in the cases of Hydro Polymers and 
Rohm and Haas) or closed loop management of the 
material (as in the cases of Hydro Polymers and 
InterfaceFloor).  

iii. Materials made from non-renewable resources or 
associated with problems at end of life treatment (e.g. 
PVC and polyamide in the studied cases) can possibly 
be managed in closed loops facilitated by the persistence 
of the material. 

iv. When material substitution is required, a step-wise 
approach or a conscious influence on customer behavior 
can make a change possible (e.g. CFCs and beef 
burgers in the studied cases).  

 

5.2  Reflection on the key findings 

Certain materials with a good sustainability reputation are not 
always managed sustainably throughout the life-cycle. One 
example is wood, often considered to be “sustainable”, though it 
may have been harvested from poorly managed forests, or during 
socially unsustainable working conditions. Other materials may 
have a relatively good reputation only because they have not yet 
been linked to serious sustainability problems, though basic 
sustainability principles tell us that they are inherently very difficult 
(and expensive) to manage sustainably if used in consumer goods. 
Being “non-toxic” and “not bio-accumulating”, CFCs were once 
introduced with such a good reputation. If basic sustainability 
principles had been known and used to assess CFCs before their 
introduction the problems caused by their large-scale use could 
have been predicted. Being foreign to nature and highly persistent 
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they come with a high risk of contributing to systematically 
increasing concentrations in nature at large-scale use.   
Certain materials with a bad sustainability reputation, because of 
observed toxicity and/or other well-known impacts, can sometimes 
be used in favor of sustainability. One example is PVC, often con-
sidered to be inherently “unsustainable”. However, appropriate 
management may place such materials within sustainability con-
straints and advantageous other characteristics of such materials 
might then even contribute to faster progress towards sustainability 
for society at large.  
 
Although this study only comprises a few examples, these are 
enough to point to the possibilities of managing materials, also 
materials with problematic characteristics (e.g. eco-toxicity and bio-
accumulation), in a sustainable way by making strategic use of 
other characteristics (e.g. persistence and recyclability) of those 
materials. A static division of “sustainable” vs. “unsustainable” 
materials (e.g. through lists of forbidden and allowed materials) is 
not necessarily rational. More subtle considerations are needed. By 
not applying a strategic sustainability perspective to materials 
management, organizations risk using ”sustainable” materials in 
unsustainable ways or phasing out "unsustainable” materials that, 
managed differently, could be helpful for sustainable development.  
 
For example, the PVC case is quite counter-intuitive. The relative 
persistence of that material is usually seen as problematic from an 
environmental point of view, but may come in handy for a redesign 
towards sustainable materials management as discussed above. 
This is similar to, for example, problems linked to the metals chro-
mium, nickel and molybdenum, according to Azar et al. (1996) 
prone to violate the first sustainability principle of the FSSD, that is, 
increase in concentration in nature at large scale use. However, 
when used in stainless steel this is less of a problem since these 
metals are then in a non-corroding alloy and are thus not dissi-
pated. Instead the steel becomes more durable which means po-
tential advantages from a sustainability point of view. The stainless 
steel example points to yet another consideration than those typi-
cally employed in the sustainability literature. Unlike PVC, stainless 
steel is relatively expensive, and hence is inherently much easier to 
keep in relatively tight societal loops. PVC, being relatively cheap, 
relies on quite substantial policies to make use of its inertness for 
recycling purposes and/or to not end up in incineration processes 
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from which dioxins might be emitted. However, as discussed in 
relation to one of the presented examples, leasing of product-func-
tions and elegant redesign may create opportunities for closed-loop 
recycling also of relatively cheap materials. Service oriented coop-
eration across value chains, and more intimate cooperation with 
clients, are other examples of how increased customer satisfaction 
can be achieved by radical de-materializations and substitutions of 
materials that would have been difficult for any individual organiza-
tion to achieve on its own.  

5.3 Towards sustainable materials management 

In the studied cases, we found a focus on environmental 
considerations, but also an increasing awareness regarding the 
importance of avoiding contributions to degradation of social 
systems along the materials’ life-cycle. In our study, specifically 
Interface Floor and Max highlighted the importance, and value, of 
considering social sustainability aspects. 
 
A continued scientific approach to arrive at more rational guidance 
for material management, enforcing more systematic and strategic 
approaches across disciplines and sectors of society, should cover 
at least the following research agendas: 

 
1. More basic science, relating materials to basic sustainability 

principles, to allow for more proactive and strategic 
considerations of materials.  

 
2. Collection and description of more case studies of best 

practices for inspiration of other organizations.   
 
3. New types of data-bases, containing more information about 

materials than the typical sustainability related impacts 
employed today.  

 
4. Development of integrated models for product- and service 

development, where, for example, flow charts may guide 
practitioners to ask the right management questions.  
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Society’s sustainability challenges related to ma-

terials management have been an area of concern 

for policymakers, industry and the public for deca-

des. However, if those challenges are managed in 

a strategic way, they could also bring in new opp-

ortunity for companies and other organizations to 

improve their competitiveness through developing 

product-service systems that promote sustainable 

development of society.

The overall aim of this thesis is to explore how 

a framework for strategic sustainable development 

(FSSD) can support the development and design of 

sustainable materials management strategies in pro-

duct innovation. This is achieved by four studies in-

vestigating how sustainability considerations are, or 

could be, integrated in decisions regarding materi-

als selection. The studies are informed by the FSSD, 

Maxwell’s model for qualitative research design and 

the design research methodology. The first study is a 

theoretical discussion which provides a basis for the 

following three exploratory studies. The exploratory 

studies have, through literature reviews and semi-

structured interviews, investigated general sustaina-

bility considerations in companies,  compared the 

strategic potential of product improvement strate-

gies and investigated what considerations that are in 

focus and what types of solutions that are revealed 

when companies apply a strategic sustainability per-

spective to materials management.

The studies have shown that decisions regarding 

materials management often are based on compli-

ance with legislation and on avoiding substances 

with “problematic” characteristics (such as toxicity, 

persistency, etc.), and that decision support regar-

ding how materials could be managed in a sustai-

nable way are lacking. However, the results also 

include examples from companies that have suc-

cessfully developed pro-active strategies towards 

sustainable materials management. They have ap-

proached this through, e.g., managing materials in 

closed technical loops, enabling material substitu-

tion through value chain collaboration and reducing 

material flows through new and innovative design. 

Most importantly, they have assessed actions not 

only regarding their potential to reduce a selection 

of current socio-ecological impacts but also regar-

ding their potential to link to forthcoming actions 

towards the full scope of socio-ecological sustaina-

bility. Through this approach, they have found se-

veral ways by which materials with characteristics 

that are commonly considered problematic can be 

managed by making strategic use of some of these 

characteristics and other characteristics of the ma-

terials.

The results highlight the possibility of enabling 

sustainable materials management practices by 

using a strategic sustainability perspective in combi-

nation with material characteristics knowledge and 

that a static division of “sustainable” vs. “unsustai-

nable” materials (e.g., through lists of forbidden and 

allowed materials) is not necessarily rational. More 

subtle considerations are needed. By not applying 

a strategic sustainability perspective to materials 

management, organizations risk using “sustaina-

ble” materials in unsustainable ways or phasing out 

“unsustainable” materials that, managed differently, 

could be helpful for sustainable development. Deve-

loping decision support for materials management 

that integrates this new way of thinking will be the 

focus of future work.
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