Many specific methods and tools have been developed to deal with sustainability problems. However,
without a unifying theory it is unclear how these
relate to each other and how they can be used strategically.A Framework for Strategic Sustainable Development (FSSD) is being developed to cover this
need for clarity and structure. It includes backcasting from a principled definition of sustainability as a
key feature. The aim of this thesis is to study how
this framework can guide the use and improvement
of detailed methods and tools, in particular to support sustainable product innovation (SPI).
First, a new strategic life-cycle management approach is presented, in which the selection of aspects to be considered are not based on typical
down-stream impact categories, but on identified
major violations of sustainability principles. Ideas
of how this approach can inform various specific
methods and tools are also presented, as a basis
for an integrated “toolbox” for SPI. As part of such,
a new “template” approach for sustainable product
development (TSPD) is developed through a sustainability assessment case study of TVs. That study
indicates that this approach can create a quick
and strategically relevant overview of critical sustainability aspects of a product, as well as facilitate
communication between top management, product developers and external stakeholders. Based
on such an assessment, it is sometimes necessary
to go deeper into details, including the use of specific engineering methods and tools. To facilitate a

coordinated assessment of sustainability aspects
and technical aspects, an introductory procedure
for sustainability-driven design optimization is suggested trough a water jet cutting case study. Equally
important, to get a breakthrough for SPI, it is essential to integrate sustainability aspects into the
overall decision-making process at different levels in
companies. An approach to assessing sustainability
integration in strategic decision systems is therefore also developed through a case study involving
several companies. Finally, the integration between
the FSSD and general systems modeling and simulation (SMS) is discussed and tested in another water
jet cutting case study. It is shown feasible to start
with the FSSD to create lists of critical flows and
practices, ideas of long term solutions and visions,
and a first rough idea about prioritized early investments. After that, SMS can be applied to study the
interrelationships between the listed items, in order
to create more robust and refined analyses of the
problems at hand, possible solutions and investment
paths, while constantly coupling back to the sustainability principles and guidelines of the FSSD.
This research shows that the combination of the
FSSD with detailed methods and tools cohesively
provides decision-makers with both a robust overview and, when needed, a more coordinated and
effective detailed support.To utilize its full potential,
this approach should now be integrated into decision processes, software and manuals for SPI.
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Abstract
Many specific methods and tools have been developed to deal with
sustainability problems. However, without a unifying theory it is unclear how
these relate to each other and how they can be used strategically. A
Framework for Strategic Sustainable Development (FSSD) is being developed
to cover this need for clarity and structure. It includes backcasting from a
principled definition of sustainability as a key feature. The aim of this thesis is
to study how this framework can guide the use and improvement of detailed
methods and tools, in particular to support sustainable product innovation
(SPI).
First, a new strategic life-cycle management approach is presented, in which
the selection of aspects to be considered are not based on typical down-stream
impact categories, but on identified major violations of sustainability
principles. Ideas of how this approach can inform various specific methods
and tools are also presented, as a basis for an integrated “toolbox” for SPI. As
part of such, a new “template” approach for sustainable product development
(TSPD) is developed through a sustainability assessment case study of TVs.
That study indicates that this approach can create a quick and strategically
relevant overview of critical sustainability aspects of a product, as well as
facilitate communication between top management, product developers and
external stakeholders. Based on such an assessment, it is sometimes necessary
to go deeper into details, including the use of specific engineering methods
and tools. To facilitate a coordinated assessment of sustainability aspects and
technical aspects, an introductory procedure for sustainability-driven design
optimization is suggested through a waterjet cutting case study. Equally
important, to get a breakthrough for SPI, it is essential to integrate
sustainability aspects into the overall decision-making process at different
levels in companies. An approach to assessing sustainability integration in
strategic decision systems is therefore also developed through a case study
involving several companies. Finally, the integration between the FSSD and
general systems modeling and simulation (SMS) is discussed and tested in
another water jet cutting case study. It is shown feasible to start with the
FSSD to create lists of critical flows and practices, ideas of long term
solutions and visions, and a first rough idea about prioritized early
investments. After that, SMS can be applied to study the interrelationships
between the listed items, in order to create more robust and refined analyses
of the problems at hand, possible solutions and investment paths, while
constantly coupling back to the sustainability principles and guidelines of the
FSSD.
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This research shows that the combination of the FSSD with detailed methods
and tools cohesively provides decision-makers with both a robust overview
and, when needed, a more coordinated and effective detailed support. To
utilize its full potential, this approach should now be integrated into decision
processes, software and manuals for SPI.
Keywords: sustainable product innovation, planning, strategy, backcasting,
life-cycle assessment (LCA), strategic life-cycle management (SLCM),
systems, modeling, simulation.
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Introduction

1.1

The Sustainability Challenge

There is an increasing consensus among scientists of various fields that
society is currently on a long-term unsustainable course (1972; Steffen et al.
2004; Millennium-Ecosystem-Assessment-(MA) 2005; Stern 2006;
Intergovernmental-Panel-on-Climate-Change 2007). Already in 1987, a first
overarching definition of sustainable development (often called the
Brundtland definition) was put forward by the World Commission on
Environment and Development:
“Humanity has the ability to make development sustainable to ensure that it meets the needs of the present without
compromising the ability of future generations to meet their
own needs.”(Brundtland 1987)
This definition was later adopted as a universal definition of sustainability at
the Earth Summit conference in Rio de Janeiro in 1992, and its “Agenda 21”
(an action plan for the 21st century) was initiated as a challenge to the world
to move in a more sustainable direction. However, the Brundtland definition
of sustainability is at a very high philosophical level, and needs to be broken
down into operational principles for practical use. In response to the complex
nature of interrelated socio-ecological problems, a vast range of sustainabilityrelated ideas, methods, tools, concepts, and approaches have been developed.
Most of these have dealt with particular aspects of the societal sustainability
problems from the perspectives of established research fields. While proven
successful for the study of isolated expert fields, for instance the study of
carbon dioxide emissions throughout product life-cycles, such approaches
cannot be solely relied upon. That would be reductionist and not sufficient
when dealing with complex systems such as human society in the biosphere.
Trans-disciplinary, trans-sector, and other interactive approaches for
sustainability will be needed in such cases (Huesemann 2001).
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1.2

Industrial Ecology and Life-Cycle Assessment

Industrial Ecology (IE) is an emerging research field that aims to explain how
the industrial system works, how it is regulated, and how it interacts with the
biosphere. Then, on the basis of present knowledge about ecosystems, IE aims
to determine how the industrial system could be restructured to make it
compatible with the way natural ecosystems function (International-Societyfor-Industrial-Ecology-(ISIE) 2004). The field encompasses and relates to
areas of research and practice such as “material intensity per unit service”
(MIPS) and factor 10 (Schmidt-Bleek 1997), ecological footprint (Rees and
Wackernagel 1994), life-cycle assessment (LCA) (Lindfors et al. 1995;
International-Organization-for-Standardization-(ISO) 1997), zero emissions
(Pauli 1998; Suzuki 2000), and extended producer responsibility (Lindhqvist
1992, 2000). Out of these areas, LCA is one of the most rigorously developed
and frequently used. It has the objective of evaluating environmental impacts
of materials and products from the “cradle” (resource extraction) through
transport, production and use, to the “grave” (fate after end use). This leads to
a more comprehensive view of societal environmental impacts than if only the
material or product itself would be evaluated.
Nevertheless, a Swedish study of the implementation of environmental
management systems in Swedish companies concluded that only 10% of
corporations have allowed results from LCAs to influence the measures taken
(Zackrisson et al. 1999). The study did not explain why this was the case, but
others have discussed the issue (Frankl and Rubik 2000; Heiskanen 2000),
and according to business leaders (Broman et al. 2000; Johnson 2004), some
presumptive reasons can be suggested for the (as yet) relatively low use of
LCA by decision makers in business (Robèrt 2000; Robèrt 2002a):
•
•
•

2

The results from LCA, performed by scientists to evaluate a scientific
question, may be too complex to interpret from a business
perspective.
Efforts to aggregate information from different categories of impacts
into simplistic figures for decision makers may be perceived as
questionable.
The impact perspective may be too narrow, that is, missing important
aspects of sustainability such as social aspects, unsustainable
management routines for ecosystems, and unsustainable emissions of
compounds with as yet undiscovered impacts.

1 Introduction

•

The commonly applied LCA methods generally lack a strategic
business perspective, meaning that. the “business case for
sustainability” is vague and attributed to some PR-related
perspectives rather than strategically driving innovation for successful
business.

In line with the above, it is possible that the relatively low impact of LCAs on
business decisions is related not only to a relatively low use of the method by
decision makers in business, but also to a relatively low relevance of
traditional LCA for such purposes. LCA as currently practiced is neither
complete from a sustainability perspective, nor business-oriented, nor userfriendly. But, as discussed in Paper A (Ny et al. 2006), this does not mean that
LCA cannot evolve to embody these characteristics. How could this evolution
take place in practice?
A new exciting IE-related field, tentatively called “strategic sustainable
development” (SSD), may deal with such questions. A Framework for SSD
(FSSD) has been developed since the early 1990s that applies a five-level
model to structure any complex planning endeavor towards sustainability
(Robèrt 2000). This framework is also called “The Natural Step (TNS)
Framework” from the NGO that has facilitated its development and
application. Several pioneers on tools, concepts and approaches for
sustainable development have already used this framework to assess how their
respective tools relate to sustainability and to each other (Robèrt et al. 1997;
Holmberg et al. 1999; Rowland and Sheldon 1999; Holmberg and Robèrt
2000; Robèrt 2000; Robert et al. 2000; Robèrt et al. 2002; Korhonen 2004;
MacDonald 2005; Byggeth et al. 2006; Byggeth and Horschorner 2006, Ny et
al. 2006). Before describing the FSSD in more detail it makes sense to say a
few words about the field of systems science that it also relates to.

1.3 Methods to Study Complex Systems –
Systems Science
A system consists of interrelated components. Some systems contain so many
components and relationships that it is impossible to get a robust overview of
their behavior without scientific approaches and sophisticated tools. Systems
Science is a field that has emerged to face such challenges and as a result, for
example, quite a lot can now be said about both short-term local weather and
long-term average weather (climate) of different regions. Systems Science
uses a trans-disciplinary approach to build understanding of complex causal
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relationships and feedbacks between system components. Systems Science
embeds other terms like Game Theory, Network Science, Systems Analysis
and Dynamics (SA/SD) and Agent-Based (AB) and Discrete Event (DE)
modeling and simulation. This thesis has looked closer at the latter three (Ny
et al. 2009b) but SA and SD have been more in focus since they study system
behavior from an aggregated perspective and are often used in long-term,
strategic modeling and simulation. In this thesis, systems modeling is defined
as describing how interrelated actors, components or other variables of a
system are connected at a given point in time. Using a geographical metaphor
this corresponds to the drawing of a roadmap of a town. With systems
simulation we mean to use forecasting to estimate future behavior of certain
variables of a system. Similarly, this may correspond to studying how traffic
is likely to flow on the roads of the town. In the literature, there are many
competing descriptions of the actual or desired workflow of SA and SD
(Forrester 1961; Randers 1980; Richardson and Pugh III 1981; Roberts et al.
1983; Senge 1990; Wolstenholme 1990; Sterman 2000; Haraldsson 2005). In
essence, SA uses Causal Loop Diagrams (CLDs to make mental or conceptual
models of how system variables influence each other. From those Reference
Behavior Patterns (RBPs) can be derived, to simulate potential behavior over
time when key variables of the system change. SD takes the mental model
structures, developed with SA, one step further, transferring them into
dynamic numerical models that can be simulated in a computer (figure 1).
Conceptual
(Systems
Analysis)

Numerical
(Systems
Dynamics)

Systems Modeling
(mapping system layout)

CLD

Computer
Model

Systems Simulation
(estimating system behavior)

RBP

Use of
Computer
Model

Figure 1. Systems Modeling and Simulation Distinctions. Using Systems Analysis and
Dynamics to exemplify the distinction between conceptual and numerical support
tools for Systems Modeling and Simulation.
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Systems modeling and simulation is a powerful tool to expand the scope of
systems within which planning occurs, explore essential variables and their
interrelationships, and to foresee consequences of optional actions towards
sustainability. However, like any tool applicable for sustainable development,
also modeling and simulation could occur within strict boundaries set by
sustainability principles. The FSSD comes into play as a way of selecting
aspects to ensure that modeling and simulation occurs within sustainability
constraints and that objectives are really sustainable. It was with that mindset
the FSSD was originally developed.

1.4 The Framework for Strategic Sustainable
Development (FSSD).
The FSSD lets five interdependent but distinct levels communicate with each
other as their respective contents and relationships are explored (Robèrt 2000;
Robèrt et al. 2002):
1. The System. The overall principal functioning of the system, in this
case the biosphere and the human society, are studied enough to
arrive at a . . .
2. Basic definition of success within the system, in this case
sustainability, which, in turn, is required for the development of . . .
3. Strategic guidelines, in this case a systematic step-by-step approach to
comply with the definition of success (backcasting) while ensuring
that financial and other resources continue to feed the process of
choosing the appropriate . . .
4. Actions, that is, every concrete step in the transition toward
sustainability, which should follow strategic guidelines, which, in
turn, require . . .
5. Tools for systematic monitoring of the actions (4) to ensure they are
really strategic (3) to arrive at success (2) in the system (1).
A starting point when developing the FSSD was that strategic progress
towards sustainability could probably not be achieved by a sole focus on
gaining ever more knowledge about the system as such (level 1) – in this case
“society within the biosphere”. To be able to plan strategically, it is essential
to not only understand the system per se, but to also have a robust definition
of “purpose” or overall goal. The overall idea is to allow such a robust
definition to provide the system boundaries. This means that everything in the
system that is essential for arriving at the objectives should be taken into
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account, regardless of its dimension or other characteristics. To that end, it is
essential to study the system level enough to approach a rigorous principled
definition of sustainability (level 2). Thereafter such principles can function as
exclusion criteria when plans are developed, and assisting tools designed.
The FSSD approach recognizes that there are principled flaws of societal
design upstream in cause-effect chains that systematically undermine the
ecosystem and the social fabric – the two ”commons” on which the whole
human society relies. The ecosystem provides services like fresh water and
natural resources while the social fabric provides services like personal safety
and help from fellow human beings (Capra 1996; Hayashi et al. 1999; Ostrom
1999; Folke et al. 2002). Metaphorically speaking, as the two commons are
eroded more and more, society is moving deeper and deeper into a declining
window of opportunity for long-term prosperity (figure 2) (Robèrt 2000). The
environmental and social problems that have surfaced to date are serious, but
the most serious problem is that such problems are bound to systematically
increase as long as the basic design and operation of today’s society keep
violating basic sustainability principles. This is the meaning of
unsustainability.
The sustainability principles (SPs) of the five-level framework (level 2) were
developed with the following criteria in mind. The set of SPs should be:
•
•
•
•
•
•

science-based, that is compliant with relevant scientific knowledge
available to date
necessary for sustainability, that is, failure to comply with any one of
the SPs would make sustainability impossible
sufficient for sustainability, that is, the SPs taken together should
cover all relevant aspects
general, that is, people from various societal sectors and scientific
disciplines should be able to understand and use them
concrete, that is, capable of guiding actions and problem solving, and,
preferably
distinct, that is, mutually exclusive to facilitate comprehension and
monitoring.

After several revisions the current wordings of the principles are (Ny et al.
2006):
In the sustainable society, nature is not subject to systematically increasing …
I. concentrations of substances extracted from the Earth’s crust
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II. concentrations of substances produced by society
III. degradation by physical means
and, in that society . . .
IV. people are not subject to conditions that systematically
undermine their capacity to meet their needs.
The principles have been applied by a variety of business leaders (Electrolux
1994; Robèrt 1997; Anderson 1998; Nattrass 1999; Broman et al. 2000;
Leadbitter 2002; Matsushita 2002; Nattrass and Altomare 2002; Robèrt
2002a; Robèrt 2002b) and policy makers (Cook 2004; Robèrt et al. 2004;
James and Lahti 2004; Gordon 2004) to create a bird’s-eye perspective on
challenges and opportunities from a sustainability perspective. Designed for
backcasting, the collected experience is that the principles really are operative
to assess major challenges and opportunities in sustainable business planning,
and applicable as exclusion criteria for redesign of products and
organizations.
Practical application of the FSSD is facilitated by an A-B-C-D-procedure
(figure 2), including (A) sharing and discussing the suggested FSSD with all
participants of the planning exercise, (B) assessing current material and
energy flows and practices in relation to the basic sustainability principles
(SPs) (rather than relying solely on today’s perception of impacts), (C)
creating options and visions that support society’s compliance with the basic
SPs, and (D) prioritizing early actions from the list C that not only takes care
of the short-term challenges but also prepares for coming actions to eventually
make society comply with the SPs.
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A. Awareness

B. Problem List
ABCD-Method

A

B
Concept
X

I -----II ----III ----IV ----SPs
I, II, III, IV

Present

Future

C. Solutions & Vision List

SPs
I, II, III, IV

Present

Future

D. Prioritization & Planning

Sustainable
Concept X

---------------------------------

I -----II ----III ----IV -----

---------------------------------

C
D
Present

Future

Present

1. Flexible?
2. Direction?
3. Payback?
Future

Figure 2. The ABCD Procedure of the Framework for Strategic Sustainable Development.
Start by agreeing on a mental model of the concept of study (Concept X), the sustainability
challenge (a decreasing window of opportunity, the funnel), the SPs and the ABCD procedure
as such (A). Then identify present practices that are either problematic with respect to the SPs
or assets for solving the problems (B). Continue with brainstorm to list potential solutions to
the problems and envision new sustainable concepts (C). Based on the C-list and strategic
guidelines, prioritize actions into a strategic plan (D).

This means that each investment, at least if it is large and ties resources for
relatively long time periods, should (i) strengthen the organisation’s platform
(Flexible) for coming investments that are likely to take it towards success as
defined by the SPs (and other goals set up by the organisation). As a basic
mindset, the organisation should in each investment (ii) seek to move towards
reducing its contribution to society’s violation of the SPs (Direction) and (iii)
strive to be “economic” with resources so that the process is continuously
reinforced (Payback). However, in the decision regarding an individual
investment, (ii) and (iii) need to be assessed in a dynamic interplay between
each other and with the longer term plans (i). Just as in chess, it may
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sometimes be smart to make a sacrifice or “take a detour” if it creates
interesting options for the longer term. It could, for instance, be considered to
temporarily increase an organisation’s expenses or its contribution to society’s
violation of some SP if that is a necessary early step to get a longer term
proactive plan started. An example could be a government sending delegates,
by fossil-fuel driven airplanes, to an international conference aiming at an
agreement on long term reductions of CO2 emissions on the global scale.

1.5

Product Development and Innovation

There are many terms and definitions in the area of product development and
innovation. Ulrich and Eppinger (2003), for example, define product
development as:
“The set of activities beginning with the perception of a market
opportunity and ending in the production, sale and delivery of
a product”.
Roozenburg and Eekels (1995) state that product development is the early part
of an industrial innovation process (figure 3) comprising
“all activities that precede the adoption of a new product in a
market (or the implementation of a new production process),
such as basic and applied research, design and development,
market research, marketing planning, production, distribution,
sales and after sales service.”

9
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Figure 3. The Product Innovation Process. (Reproduced from Roozenburg and Eekels
(1995), p 13). How different company competence areas interact in a process from
overriding goals, strategies and product policies, through new business ideas and
product development, to marketing, sales and use.

So, the terminology is not entirely distinct. What Roozenburg and Eekels call
product innovation is very close to what Ulrich and Eppinger call product
development, whereas the latter, according to Roozenburg and Eekels, is only
a part of the product innovation process (preceeding the product realization
process). This thesis uses the terminology of Roozenburg and Eekels (1995)
and focuses mainly on the product development part.
Some general trends in product development methodology can be identified,
even though many companies use company-specific product development
processes. Traditionally, so called “serial engineering” has been used, in
which each design stage starts when the previous one is completed. This
might unfortunately lead to poor communication and interaction between the
various phases, resulting in little attention to key issues from later stages (e.g.,
manufacturing and delivery aspects) during the earlier concept and design
stages (Syan 1994; Ottosson 1999). In order to minimize the time for product
development, serial engineering evolved into “integrated product
development” (Barkan 1988; Evans 1988; Winner et al. 1988). Integrated
product development, or “concurrent engineering” (CE) (Olsson 1976;
Andreasen and Hein 1987; Pugh 1991; Ulrich and Eppinger 1995; Ullman
1997), means that people with different competencies and often from different
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departments in a company, such as marketing, design, and production, are
working in parallel with the same project.

1.6 Sustainable
Innovation

Product

Development

and

The early part of the product innovation process is a critical intervention point
for the transformation of society towards sustainability. Once a product design
has been set, its sustainability attributes are largely fixed. It is therefore
imperative to develop rigorous and operational methods and tools for
sustainable product development (SPD) (Charter and Chick 1997; Ritzén
2000). In the last decades, growing awareness of global environmental
problems has added a whole new design challenge for product development.
This led to a new industrial ecology-related product development field called
“eco-design” or “design-for-environment” (DfE). There are several reviews of
previous methods and tools with relevance to this field (de Caluwe 1997; van
Weenen 1997; Tischner et al. 2000; Robèrt et al. 2002; Byggeth and
Hochschorner 2006). A general method for SPD (MSPD) has been proposed
(Byggeth et al. 2006), using the FSSD to integrate social and ecological
aspects of sustainability with a strategic business perspective in an integrated
product development model. When testing the MSPD, some Swedish
businesses expressed a desire for some kind of guidance for specific product
categories and for improved interaction with other methods and tools
(Byggeth and Broman 2000; Byggeth 2001; Byggeth et al. 2006). This need
for more sophisticated decision support for SPD was an important factor
behind the initiation of this thesis. Even though, for the above described
reasons, this thesis puts a special emphasis on the early part of the product
innovation process and its methods and tools provide sustainability-related
decision support up to and beyond the launch of new products on the market.
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2

Aim and Scope

The aim of this thesis is to study if, and in that case how, the FSSD can be
applied as an instrument to integrate a full sustainability perspective into
various existing sustainability-related methods and tools as well as into the
design of new tools. To that end, the primary emphasis has been put on
sustainable product development (SPD) and innovation (SPI).
The theory and support tools developed should have the following
characteristics:
(i)

(ii)
(iii)
(iv)

a full sustainability perspective throughout the respective lifecycles of products and services so that all inherently
unsustainable practices are covered, not only those that are linked
to presently known impacts,
compatibility with a strategic business perspective,
a time perspective based on backcasting,
a level of detail that makes the complexity manageable, without
leading to the loss of vital information due to simplifications and
aggregations.

The intent is not to replace existing support methods and tools for SPD but
rather to put them within an overarching structure that facilitates the choice of
aspects and indicators essential for (i) – (iii), and makes use of each method
and tool where most applicable.
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3

Overarching Research Questions

3.1

Paper A

1. Is it possible to create a life-cycle overview of a system of study that covers
all essential strategic sustainability-related aspects, without too convoluted
manuals, and if so, what could such an approach look like?
2. Is it possible to build an approach on how to gradually integrate support
tools for SPD and SPI within a strategic life-cycle overview, and if so, how?

3.2

Paper B

3. Could the Framework for Strategic Sustainable Development (FSSD) be
applied to develop a user-friendly non-reductionist methodology for concrete
sustainability assessments of products and services?
4. If so, could such methodology be applied to facilitate a continued dialogue
with external sustainability experts, identifying improvements that are
relevant for strategic sustainable development?

3.3

Paper C

5. Is it feasible to develop a combined technical and sustainability-related
product development optimization procedure, and if so, what could such a
procedure look like?
6. Could such a procedure, and if so how, be applied in a concrete case to
identify win-win-win situations for the company, the customer and society as
a whole?

3.4

Paper D

7. What sustainability-related decision support could be suitable for
different organizational levels and for communication between them?
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8. How could an FSSD-based assessment approach help in real cases to
identify potentials for improving decision systems and sustainability
performance in companies?

3.5

Paper E

9. What might a new sustainability planning approach look like that integrates
the FSSD with applicable Systems Modeling and Simulation methods and
tools?
10. How could such an approach estimate the remaining “sustainability gap”
of current waterjet cutting and suggest a desirable investment pathway (in
particular early steps) for a typical waterjet machine producer?

14

4

Research Methods

4.1

About Scientific Methods

Scientific method is a field of study in itself and depending on the perspective,
many different definitions and distinctions can be made. Maxwell (2005)
makes it simple by saying that the scientific method of a study is everything
that a researcher actually does to search for results that might answer the
research questions. Even though the exact choice of method or combination of
methods should be adapted to the specific requirements of each study there
are some generic methods, including theory building, hypothesis testing,
comparing, classifying, conducting case studies, and so on.

4.2

Empirical versus Theoretical Science

Another fundamental distinction could be made between empirical and
theoretical scientific methods. Empirical science uses experiments to gather
data and draw conclusions in response to particular questions. Theoretical
science, on the other hand, aims to create models of reality that helps
identifying the underlying mechanisms and relationships that explain the
empirically collected data. This distinction could be exemplified by the
difference between experimental and theoretical physics. Experimental
physics aims to discover and explain measurable data about how different
parts of nature behave while theoretical physics searches for unifying
overarching explanations and models, demonstrating context, relationships,
and causalities behind the collective data.
Similarly, the aim behind the FSSD approach that this thesis builds on is the
development of the “theoretical physics” of sustainable development. The
present version of the FSSD is the result to date of a 20-year TNSI-facilitated
learning dialogue between academia and industrial and municipal
sustainability practitioners. Instead of tackling each socio-ecological subsystem and sustainability problem at a time, the FSSD focus is (i) to study the
socio-ecological systems enough to be able to arrive at common basic
mechanisms that cause all those detailed problems, and (ii) to develop a
generic framework able to strategically deal with the root causes behind the
problems and to design them out of the system.
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4.3

Descriptive versus Prescriptive Science

This thesis can be placed within the emerging research field of Engineering
Design. This field has been criticized for lacking scientific rigor (Azar et al.
1996; Blessing 2002). In response Blessing (2002) has suggested a new more
consistent and overarching design research methodology that iteratively
combines description and prescription. Being developed for similar reasons,
the steps of the ABCD planning process (within brackets) relate closely to the
steps of Blessing’s suggested methodology:
1. criteria development for what constitutes a successful product
(corresponds to step A of the ABCD),
2. descriptive studies on the factors that influence the success criteria
(step B),
3. prescriptive studies of the types of methods and tools that are likely to
facilitate the development of successful products (step D) and
4. descriptive studies on whether the suggested methods and tools could
be used as intended and deliver products that meet the success criteria
(re-evaluation and learning loops of ABCD as planning unfolds in
reality).
In the search for optimal solutions, it is important to not prematurely arrive at
the prescriptive, third, stage in the bullet list above. To open up for out-of-thebox solutions, the ABCD process also includes a creativity and transparency
enhancing brainstorming process (step C) between Blessing’s step 2 and 3. It
aims to get as many potential solutions, methods and tools on the table before
economic and other limitations are introduced.

4.4

Research Methods of this Thesis

This thesis applies the unifying theory for SSD (the FSSD) to assess and
develop several tools for SPD and SPI. The success criteria are consistently
defined by the four generic sustainability principles, the above general desired
characteristics (section 2) and, in some cases, other requirements evolving
from the specific functions of the respective tools. The overarching research
method follows some generic and iterative phases and steps:
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Initial Descriptive Phase
1. The terminology of each method or tool is studied so that each term is
understood in relation to the success criteria.
2. Each method or tool is assessed from an FSSD perspective, which
means to assess its ability to identify the gap to full sustainability, and
to systematically bridge it (i.e. backcasting from basic sustainability
principles). In practice, and to that end, present strengths and gaps of
the method or tool are mapped out in relation to the five levels (i.e.,
systems, success, strategic guidelines, actions, and tools levels).
Prescriptive Phase
3. Based on 2, new theoretical approaches combining the respective
methods and tools with FSSD are elaborated.
4. Based on 3, improvements of the respective methods or tools are
suggested.
Second Descriptive Phase
5. Applying the new approaches in case studies.
6. Evaluating whether case study results comply with expectations and
summarizing wider implications from the study and potential
improvements from further research.
Methods in the Papers
This thesis includes five papers that have applied the above generic phases for
different tools and in different ways. Paper A also suggests an idea of how to
frame the specific methods and tools in a coming integrated “Design Space“
or “toolbox” for SPI.
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Summary of Papers

5.1

Paper A

Life-cycle assessment (LCA) is applied to visualising impacts from products
and services throughout their full life-cycles from resource extraction through
transport, production, use and disposal. LCAs often lack a sustainability
perspective and bring about difficult trade-offs between specificity and depth
on the one hand, and comprehension and applicability on the other. In
response, a new field of research and practice, called life-cycle management
(LCM), is emerging, in which the focus is shifted toward the relationship
between sustainability issues and life-cycle thinking in practice (Wrisberg and
Udo de Haes 2002; Heinrich and Klopffer 2002).
This paper investigates whether it would be possible to develop LCA, the
prime tool of industrial ecology, in a way that would expand from the
traditional focus on a few selected and verified damaging “impact” categories
to a full sustainability perspective. Would such an approach then (i) give
improved guidance for businesses to conduct planning with a bird’s eye view
of sustainability to bridge gaps to full sustainability (rather than rear-view
mirror improvements of the chosen impact categories), and, when needed, (ii)
inform more detailed and quantitative methods like quantitative LCA when
such are needed, and, (iii) provide a platform for the development of other
tools and methods for sustainable development, all informed in the same way?
A result is an overall recommendation for businesses to expand the traditional
LCA and LCM approaches into something tentatively called strategic lifecycle management (SLCM). This new approach would, among other things:
(1) establish clear basic principles for sustainability up front; (2) develop
smart overall strategies and guidelines for how to approach societal
compliance with these principles within the respective company’s own
specific life-cycle value chains (i.e., to apply a framework for decisions as a
shared mental model); (3) proceed with doing and learning, that is, play the
game and gain experience in launching action programs in relation to the bigpicture goals, and; (4) as the game unfolds and a need for more detailed
methods such as traditional LCA and other support systems may evolve,
select and design those too in line with the same principled overview that
informs the overall business planning. In reality, the new way of LCA implies
letting a selection of “impacts” in traditional LCAs (downstream in cause
effect chains) take on a meaning of “violations of basic sustainability
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principles”, thereby covering the scope of sustainability, including an
evaluation of the strategic challenges and opportunities of such impacts. Later
experiences made in case studies in companies like Rohm and Haas and ICI
(Ny et al. 2009a), show that this new way of LCA really can serve as a
communication vehicle between top-managements and sustainability experts
in companies – one of the drivers behind this study.
Paper A also points forward to a vision, and lays out some overall guidelines
for how to achieve it: to gradually develop an integrated toolbox, or “design
space” where all tools for innovative design, management and monitoring in
industry would be aligned with the FSSD and its implications for the Method
for Sustainable Product Development (MSPD) (Byggeth et al. 2006). The
format for presenting it could be a computer-based web portal (the “Design
Space”) for product development teams (figure 4). It would provide
prioritization support throughout the design process while having access to
adapted interfaces to Best Practices (e.g., “Templates”), a growing number of
other sophisticated support tools from Systems Science (e.g., SMS) and
Industrial Ecology (e.g., LCA). “Templates” (see paper B) refer to an idea of
producing a library of statements, or templates (TSPDs) from MSPD experts
on sustainability challenges and opportunities for larger product categories.
Not having to undergo full teaching of the MSPD to self-assess problems and
opportunities, the templates would provide organizations and product
development teams with a shortcut to the big strategic picture of
sustainability. This could be either used alone, or, alternatively, as an
introduction to the MSPD when deeper analyses must follow. Experiences as
regards real outcomes of planning should be gathered continuously from all
types of SPD activities in a database here called “practitioner’s good
examples”.
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Figure 4. An envisioned “Design Space” for sustainable product development (SPD). All these
tools and concepts are informed by the Framework for Strategic Sustainable Development. The
Method for Sustainable Product Development (MSPD), a library of expert Templates for
Sustainable Product Development (TSPDs), a practitioners’ experience library, practitioners’
good examples, and some related support tools are already under development.

5.2

Paper B

Paper B is a first response to the “Design Space” vision presented above. The
previously mentioned Method for Sustainable Product Development (MSPD)
(Byggeth 2001), applies the FSSD to inform traditional product development
processes. This emerging method has been tested by teams from several
Small- and Medium-sized Enterprizes (SMEs). They were exposed to guiding
MSPD questions throughout their product development processes. Even
though the SMEs found the MSPD helpful, there were considerable lead times
both when teaching the teams how to use the method and when they later used
it in practice (Byggeth et al. 2006).
When the Matsushita Electric Group, a major Japanese corporation, wanted
the NGO The Natural Step International to conduct a sustainability
assessment on their TVs and refrigerators, the MSPD was suggested as an
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assessment tool. Instead, though, Matsushita insisted on starting with an
external expert opinion. In response, the expert template approach was
developed. This is a new pedagogical approach to conduct sustainability
assessments for products. Rather than teaching the MSPD methodology and
expect it to be used as intended (in this case to co-create challenges and
opportunities with TV’s together with experts at Matsushita), the idea with the
template methodology is to first allow experts on the MSPD to develop
generic sustainability challenges and opportunities in relation to the product or
service in question. Experts then apply the MSPD approach on the whole
product or service category. What are, in general, the sustainability
challenges and opportunities for TVs, refrigerators, cars, etc? The resulting
“templates” can then serve as generic “benchmarks” to which specific
products and services can be compared with greater ease than learning and
applying the MSPD from scratch. In the Matsushita case, two experts from
The Natural Step International (a Swedish-based international NGO)
produced templates for TVs and refrigerators. Based on Matsushita’s
responses to the generic sustainability claims of the respective templates, the
sustainability challenges, opportunities and actual performance at Matsushita
were assessed and evaluated.
Paper B takes a closer look at expert templates and their relationship with the
platform for product development research (the “Design Space”) that was
introduced in Paper A (figure 5). Paper B also assesses how the early version
of the template approach was used in the case study for TVs at Matsushita
(Robèrt 2002a; Matsushita 2002) to find room for improvements of the
method.

Library of Expert Templates (TSPDs)
Prod. dev. Process
Prod. dev. Process
B - Current Problems?
C - Future
Solutions?
TVs
Prod.
dev.
Process
B - Current
Problems?
C - Future Solutions? Cars
B - Current Problems?
C - Future Solutions? New?

Figure 5. Paper B focuses on Templates for Sustainable Product Development (TSPDs).
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The Matsushita case study was also analyzed to find out whether the
company, after the use of the template approach, has:
1. moved from a traditional focus on gradual improvements of a
selection of aspects in relation to past environmental performance to a
focus on the remaining gap to a future sustainable situation.
2. reached a common understanding among different organizational
levels of major sustainability challenges and potential solutions.
3. facilitated a continued dialogue with external sustainability experts,
identifying improvements that are strategically relevant.
4. demonstrated an increased ability to find product improvements that
are relevant for strategic sustainable development.
The findings indicate that the template approach is a relatively simple and
manageable, yet not simplistic, method that – depending on the quality of the
respective templates produced – may capture essential sustainability aspects
of the life-cycle of a certain product category. It is also an excellent method
for bilateral learning. The sustainability experts are confronted with real-life
cases including experts from industry and this opens up for not only
improving products but also the templates. Furthermore, the template
approach seemed to influence top management to foster sustainability efforts
at the product development level. This indicates that the template approach
could support the bridging of communication gaps between organizational
levels. Over the years that followed from the first template assessment,
Matsushita also gradually deepened its dialogue with external experts and
showed progress in relation to the sustainability requirements identified in the
initial template assessment.

5.3

Paper C

In response to the increasingly competitive global market, there is a growing
interest in design optimization. Being able to include aspects of socioecological sustainability in product design should aid companies to both
improve current competitiveness and to identify viable long-term investment
paths and new business opportunities in the evolving sustainability-driven
market. In sustainability assessments, like the ones suggested in Papers A and
B, it is therefore sometimes necessary to go deeper into details, including the
use of specific engineering methods and tools.
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Paper C uses a case study of a waterjet cutting machine to illustrate a new
iterative optimization procedure that combines a technical assessment with
sustainability assessment in a coordinated way.
Overarching sustainability assessment methods and tools like the ABCD and
the SLCM (Paper A) are first used to identify prominent sustainability
problems from present-day flows and practices (“societal indicators”) and to
generate ideas of long-term solutions and visions. Based on this, preliminary
ideas about desirable changes in machine properties are obtained. Technical
investigations are then performed to assess if and how these particularly
desirable changes in machine properties could in principle be realized through
changes in design variables. After that, obtainable changes are fed back to a
new and more refined sustainability assessment with TSPDs (Paper B), causal
loop diagrams and reference behavior patterns (see also Paper E) to find out
the societal implications of these changes. This may in turn result in other
desirable design changes, which may call for new and more refined technical
assessments, etcetera.
The experience from the case study indicates that the suggested integrated and
iterative working procedure should be able to add information about socioecological impacts of product properties and influence design criteria used in
prioritization situations during product development.

5.4

Paper D

The FSSD has previously been successfully applied either at senior
management level in companies and other organizations, or at the level of
innovation and design at the product development level (e.g. in Papers A-C
and E).
Paper D aims to use the FSSD to integrate the above levels through efficient
communication. We explore a new approach to assess and improve
communications and decision support on sustainability between senior
management and product development levels. The assessment approach was
developed in theory and its applicability was directly tested in action research
in two small and medium-sized companies and two large companies. The new
approach helped analyze and structure strategic capabilities of decision
systems - both in general and in relation to sustainability. The results were
validated against experiences made by two management consultancies.
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Based on this study companies are recommended to:
•

•
•

create an overarching supporting organizational context, including
senior management awareness and commitment to a widely adopted
definition of sustainability, sustainability integration in business goals
and policies (as opposed to developing management routines and
tools towards separate goals), and, to that end, adequate resource
allocation,
institutionalize internal company capacity building, communication
and economic incentives and disincentives to foster sustainability,
introduce integrated methods, tools and indicators for both senior
management and product development teams that focus on how to
close the gap between the present situation and long-term socioecological sustainability.

Paper D indicates that the new assessment approach can be used as a template
to assess the current state of sustainability integration in company decision
systems. Most of the studied companies are now working with the authors to
close the identified gaps in their decision systems. Tests of the assessment
approach have also been started in other companies to verify its generic
applicability and to find improvement potentials.

5.5

Paper E

Experience from applying the FSSD is often enough to guide quite complex
decisions. In other cases, aspects that surface when the FSSD is applied may
be interrelated in complex webs of feedback loops and delays leading to
counterintuitive effects. Optimization of choices between alternative measures
and investments may then need modeling, with or without numerical analyses,
to be appropriately assessed. It is essential that such modeling is aligned with
the same framing (in this case the FSSD) as is driving the planning.
Paper E suggests dealing with these challenges by complementing the FSSD
with “systems modeling and simulation” (SMS) tools from the fields of
Systems Analysis and Dynamics, Agent-Based and Discrete Event (figure 6).
A practical waterjet cutting case study is used to present some initial ideas of
how this integration could be done along the FSSD planning process.
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Design Space
File Edit View Insert Tools Window Help

Library of Expert Templates (TSPDs)

Paper E

Method for Sustainable Prod. Dev. (MSPD)

Prod. dev. Process
Prod. dev. Process
B - Current Problems?
C - Future
Solutions?
TVs
Prod.
dev.
Process
B - Current
Problems?
C - Future Solutions? Cars
B - Current Problems?
C - Future Solutions? New?

Prod. dev. Process
B - Current Problems?
C - Future Solutions?
D - Prioritised Solutions?

Practitioners'
Good Examples
Car Projects
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Life-Cycle
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Figure 6. Paper E focuses on Systems Modeling and Simulation (SMS).

The resulting new planning approach is named “Systems Modeling and
Simulation within Sustainability Constraints”. It frames the planning by
identifying critical current practices in relation to a principle-based goal of
global socio-ecological sustainability, long-term solutions and visions, and
prioritized early investments. SMS tools are applied as needed throughout the
process to study tradeoffs and interrelationships between listed items to create
more robust and refined analyses of the problems at hand, as well as the
possible solutions and investment paths.
In the case study the new approach was tested for waterjet cutting with the
help of experts from a medium-sized Swedish company called Waterjet
Sweden. This cutting technique is often considered to be relatively sustainable
since it produces very precise low temperature cutting with limited emissions
and with water and sand as main material inputs. Nevertheless, the study
indicated that the sustainability impacts of waterjet cutting have been
underestimated to date since not all relevant parts of the cutting life-cycle
have been systematically studied. FSSD-based sustainability indicators were
defined and followed through several alternative strategic intervention
scenarios. The sustainability impacts were found to decrease most quickly and
affordably if the company first focuses on improved efficiency to afford
innovation efforts and substitution of especially problematic materials and, on
the longer term, change the business model towards selling cutting services
rather than machines.
The company experts stated that the new approach managed to improve their
knowledge on the system of study and how alternative decisions were
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expected to influence system behavior over time. They now consider using the
resulting model in planning and marketing. To utilize its full potential, the
new planning approach should now also be integrated into decision processes,
software and manuals for sustainable product innovation. The authors are in
contact with other companies to continue testing and developing the new
approach in case studies and action research projects.
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6

Conclusions and Future Research

Previous research and an ongoing consensus process between pioneering
scientists of many sustainability-related methods, tools and concepts have
shown that the Framework for Strategic Sustainable Development (FSSD)
could be used to analyze existing methods and tools from a full systems
perspective on sustainable development and sustainability (Robèrt et al. 1997;
Holmberg et al. 1999; Broman et al. 2000; Holmberg and Robèrt 2000; Robèrt
2000; Robèrt et al. 2002; Korhonen 2004; MacDonald 2005; Byggeth et al.
2006; Byggeth and Hochschorner 2006; Ny et al. 2006; Byggeth et al. 2007a;
Byggeth et al. 2007b; Ny et al. 2008). The FSSD has also given structured
sustainability support to policy-makers (Rowland and Sheldon 1999; Cook
2004; Robèrt et al. 2004; James and Lahti 2004; Gordon 2004) and business
leaders (Electrolux 1994; Robèrt 1997; Anderson 1998; Nattrass 1999;
Broman et al. 2000; Leadbitter 2002; Matsushita 2002; Nattrass and Altomare
2002; Robèrt 2002a, 2002b).
The aim of this thesis was to study if, and in that case how, this framework
could aid coordination and further development of various sustainabilityrelated methods and tools, in particular to increase their capacity to support
Sustainable Product Development (SPD) and Innovation (SPI).
Paper A showed that it was possible to create a strategic sustainability-related
life-cycle overview of a system of study – without too convoluted manuals. It
also presented a model (the “Design Space”) for how the FSSD could be used
to systematically integrate methods and tools for sustainable product
development. The work on LCA could thereby also be seen as a study of a
support tool in relation to the Design Space model.
Paper B developed a crucial aspect of the Design Space model into a concrete
and easy-to-use sustainability assessment approach (TSPDs). This new
approach was also successfully tested in a case study for TVs at the
Matsushita Electric Group.
Paper C used a case study of a waterjet cutting machine to illustrate a new
iterative optimization procedure that combines a technical assessment with a
sustainability assessment.
Paper D explored a new approach to assess and improve communications and
decision support on sustainability between senior management and product
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development levels. The assessment approach was tested in action research in
two small and medium-sized companies and two large companies.
Paper E elaborated on a new approach to integrate Systems Modeling and
Simulation and the FSSD. Tests in a waterjet cutting case study indicates that
the new approach is able to create more robust and refined analyses of the
problems at hand, possible solutions, and investment paths.
To avoid being part of the problem, and to prepare for changing markets due
to increasing sustainability constraints, decision makers need to competently
develop “the business case” for sustainability. This implies first seeing the
respective organizations and their practices in the context of global
sustainability, to understand the self-beneficial and competitive aspects of this
and to competently and systematically draw the right business conclusions.
From this follows that the search for overview must not occur at the cost of
losing sight of relevant details and their interrelations. Over-simplifications
might lead to sub-optimized designs and investments paths that will later run
into serious sustainability problems. This research shows that the combination
of the bird’s eye perspective provided by the FSSD with detailed methods and
tools cohesively provides decision-makers with both a robust overview and,
when needed, a more sophisticated detailed support. This is demonstrated at
various levels – from innovation and design in product development, through
sustainability assessments of products and services, to modeling and
integration of product development with overriding business objectives.
In line with the above, there will be a growing need for research on how to
add existing methods and tools to an integrated supporting framework for
sustainable development. Such theoretical studies will also need to be
complemented with practical case studies to identify real-life requirements
and to develop new methods and tools when they seem necessary. Intensified
co-operation with businesses and other organizations will take place. Besides
refining the tools already explored in our design space, some new tools such
as investment calculus, multi-criteria decision support, databases for strategic
materials choices, and eco-labelling are also studied.
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Abstract
Sustainable management of materials and products requires continuous
evaluation of numerous complex social, ecological, and economic factors. A
number of tools and methods are emerging to support this. One of the most
rigorous is life-cycle assessment (LCA). But LCAs often lack a sustainability
perspective and bring about difficult trade-offs between specificity and depth,
on the one hand, and comprehension and applicability, on the other. This
article applies a framework for strategic sustainable development (often
referred to as The Natural Step (TNS) framework) based on backcasting from
basic principles for sustainability. The aim is to foster a new general approach
to the management of materials and products, here termed “strategic life-cycle
management.” This includes informing the overall analysis with aspects that
are relevant to a basic perspective on (1) sustainability, and (2) strategy to
arrive at sustainability. The resulting overview is expected to help avoid
costly assessments of flows and practices that are not critical from a
sustainability and/or strategic perspective and to help identify strategic gaps in
knowledge or potential problems that need further assessment. Early
experience indicates that the approach can complement some existing tools
and concepts by informing them from a sustainability perspective—for
example, current product development and LCA tools.
Keywords: backcasting, life-cycle assessment (LCA), materials management,
The Natural Step (TNS), strategic life-cycle management, sustainable product
development
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Introduction
A Troubled History
Historically, many “safe” materials have been commercialized, followed by a
later realization of negative effects on humans and the environment. This has
led to subsequent large costs to redress the damage. Freons (CFCs), for
example, were initially introduced as safe substances (Geiser 2001) but are
now known to be powerful ozone depleting substances. Unfortunately, society
continues to repeat similar mistakes. Lessons that should have been learnt for
future planning are that impacts from societal activities typically occur
through very complex interactions in the biosphere and often can be clearly
related to certain activities only long after they have occurred, and then with
great scientific difficulty. Consequently, an approach based on detailed
knowledge of causes and impacts usually results in significantly delayed
corrective actions.

A Complex Mix of Tools and Methods
The increasing complexity of social, ecological and economic impacts from
society’s current unsustainable course has led to the development of a
growing number of tools and methods to address the situation—each with its
own unique assumptions and perspectives. Some of the most influential are
related to or fall within the emerging field of industrial ecology and include
the ecological footprint (Rees and Wackernagel 1994); material intensity per
service unit (MIPS) and Factor 10 (Schmidt-Bleek 1997); cleaner production
(Aloisi de Larderel 1998); natural capitalism (Hawken 1999); zero emissions
(Pauli 1998; Suzuki 2000); and life-cycle assessment (LCA) (Lindfors et al.
1995; ISO 1997). Such tools and methods have become so numerous and
poorly linked to each other that decision makers are now increasingly
confused about how they fit together and should be used. Several attempts
have been made to bring clarity and direction to future research (e.g., van
Berkel et al 1997 and Wrisberg et al 2002). Another influential effort was
made by several pioneers—representing their own tools and methods—
attempting to build a consensus on the best use of each and potential synergies
between them (Robèrt et al. 1997; Holmberg et al. 1999; Robèrt et al. 2000;
Robèrt 2000; Robèrt et al. 2002; Korhonen 2004).
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LCA is one of the most rigorous and frequently used tools, with the objective
of evaluating impacts of materials and products from the “cradle” (resource
extraction), through transport, production, and use, to the “grave” (fate after
end-use). Obviously this leads to a more comprehensive view of the full
impact than if only the material or product itself is evaluated. As will later be
discussed, though, LCAs often lack a sustainability perspective and bring
about difficult trade-offs between specificity and depth on the one hand, and
comprehension and applicability on the other. In response, a new field of
research and practice, called life-cycle management (LCM), is emerging, in
which the focus is shifted towards the relationship between sustainability
issues and life-cycle thinking in practice (e.g. Wrisberg et al. 2002 and
Heinrich et al. 2002).

Moving Forward with Strategic Life-Cycle Management
Instead of applying a problem-oriented approach to planning where impacts
are dealt with one by one as they appear in the system, it is possible and
desirable to plan ahead with the ultimate objective of sustainability in mind.
Doing so requires a backcasting approach whereby a successful outcome is
imagined, followed by the question, “What shall we do today to get there
(Dreborg 1966; Robinson 1982)?” We argue that this approach could inform
life-cycle management, allowing coverage of the full scope of sustainability
for material and product life-cycles.
This article aims to (i) highlight the need for management of materials and
products through a lens of basic principles for sustainability, and (ii) apply
this new perspective to life-cycle management techniques; bringing forward a
new approach we term strategic life-cycle management (SLCM). Its objective
is to identify viable investment paths towards social and ecological
sustainability.
The underlying framework for strategic sustainable development based on
backcasting from basic principles for sustainability is first described briefly in
preparation for the discussion on SLCM.
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Backcasting from Basic Sustainability Principles
Backcasting was first elaborated as scenario planning – a planning
methodology based on envisioning a simplified future outcome (Robinson
1990). A games metaphor for this method of planning would be jigsaw
puzzles, where the picture on the game’s box provides guidance and helps the
player deal with its complexity. Although backcasting from scenarios is a
more strategic, that is, goal-oriented, methodology than fixing problems as
they appear, and often encourages people to merge forces around shared
visions, it also suffers from three potential shortcomings. First, given differing
values, it can be difficult for large groups to agree on relatively detailed
descriptions of a desirable distant future. Second, given technological
evolution, it is best to avoid overly specific assumptions of the future. And
third, if basic principles for sustainability are not explicit, it is difficult to
know whether a scenario is sustainable or not.
It has been argued that it should be possible to backcast directly from a
principled definition of sustainability, and/or from scenarios that are
scrutinized by such principles (Holmberg and Robèrt 2000). This method of
“backcasting from basic sustainability principles” builds on a framework for
strategic planning (Robèrt 2000) and general experiences from the strategic
management field (e.g., Mintzberg et al 1998). More specifically, this
framework for planning lets five interdependent but distinct levels
communicate with each other as their respective contents and relationships are
explored (Robèrt 2000):
1. The System. The overall principles of functioning of the system, in
this case the biosphere and the human society, is studied enough to
arrive at a…
2. Basic definition of success within the system, in this case
sustainability, which, in turn, is required for the development of…
3. Strategic guidelines, in this case a systematic step-by-step approach to
comply with the definition of success (backcasting) while ensuring
that financial and other resources continue to feed the process of
choosing the appropriate…
4. Actions, that is. every concrete step in the transition towards
sustainability should follow strategic guidelines, which, in turn,
require…
5. Tools for systematically monitor the (4) actions to ensure they are (3)
strategic to arrive at (2) success in the (1) system.
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Developing basic principles for success from an understanding of the system,
then systematically planning ahead with those principles in mind resembles
chess more than jigsaw puzzles, in that principles of success (i.e., principles
for checkmate, or basic principles for sustainability) guide the game instead of
a single fixed outcome. Chess represents a dynamic planning method with
each move taking the current situation of the game into account, minimizing
the risk of losing pieces, while at the same time optimizing the possibility of
arriving at compliance with the principles for checkmate. A large number of
winning combinations (i.e., checkmates) exist. Similarly, rather than agreeing
on detailed descriptions of a desirable distant future, it might be easier to
agree on basic principles for sustainability and some initial concrete steps that
can serve as flexible stepping-stones toward compliance with those principles.
Thereafter, each new step of the transition should be continuously reevaluated
as the ‘game’ unfolds.
To be useful, we argue that the sustainability principles should be:
1.
2.
3.
4.

... based on a scientifically agreed upon view of the world,
... necessary to achieve sustainability,
... sufficient to cover all aspects of sustainability,
... concrete enough to guide actions and problem solving, and
preferably,
5. ...mutually exclusive to facilitate comprehension and monitoring.

It has been argued elsewhere that the principles behind ecological footprints
(Holmberg et al. 1999), Factor 10 (Robèrt et al. 2000), natural capitalism, zero
emission and cleaner production (Robèrt et al. 2002), and Daly’s five
principles (Robèrt et al. 1997) do not meet these criteria. This meant that
something new was needed.
A process of scientific consensus building was therefore convened by KarlHenrik Robèrt and led to the initial formulation of four basic principles for
sustainability (Holmberg et al. 1996). First, basic principles of socioecological non-sustainability were identified by clustering the myriad of
downstream socioecological impacts into a few well-defined upstream
mechanisms. Thereafter a “not” was inserted in each to direct focus to the
underlying system errors of societal design. They form the basic sustainability
principles (SPs), also known as ‘The Natural Step (TNS) System Conditions,”
after the nongovernmental organization (NGO) promoting them:
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In the sustainable society, nature is not subject to systematically increasing
I.
II.
III.
IV.

Concentrations of substances extracted from the Earth’s crust,
Concentrations of substances produced by society,
Degradation by physical means, and, in that society...
People are not subject to conditions that systematically undermine
their capacity to meet their needs.

Experience has been gathered from a variety of companies (Robèrt 2002;
Nattrass 1999; Anderson 1998) and municipalities (James and Lahti 2004;
Gordon 2004) on applying these principles and creating a bird’s-eye
perspective on an array of sustainability-related problems. A metaphor has
been identified, in which society is seen as moving into a funnel of declining
opportunities. This metaphor mirrors long-term “enlightened self-interest” in
backcasting from basic sustainability principles. As long as societal structures
do not prevent unsustainable system behavior, increasing pollution and
decreasing economic accessibility of natural resources will represent the walls
of a funnel and function as dynamic constraints for human activities. Actors
that contribute significantly to global unsustainability are therefore exposed to
a systematically higher relative risk of economically hitting these funnel
walls. This translates into higher costs for waste management, insurances,
taxes, bad publicity, etc (Holmberg and Robèrt 2000).
The parts of the planning process are (figure 1): (A) sharing and discussing
the suggested framework with all participants of the planning exercise, (B)
assessing current material and energy flows and practices in relation to the
basic sustainability principles (SPs) (rather than relying solely on today’s
perception of impacts), (C) creating options and visions that support society’s
compliance with the basic SPs, and (D) prioritizing early actions from the Clist that not only take care of the short term challenges but also prepare for
coming actions to eventually make society comply with the SPs.
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Figure 1. Backcasting from Principles as illustrated by A-B-C-D-Planning. A. Agree on (1) the
object of study, (2) the sustainability challenge (a funnel of declining opportunity), (3) the
future sustainable landing place for planning (defined by compliance with Sustainability
Principles [SPs, denoted by roman numerals]) and (4) the method of study - ABCD. B. For
each SP (I-IV), list critical practices from the perspective of SPs. C. Develop a list of possible
solutions and investments (‘brainstorming’). D. Use guiding questions to prioritize early
solutions and investments from C. The procedure is repeated as the development unfolds.
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Rationale for Strategic Life-Cycle Management
The Dynamics of Dematerialization and Substitution under each
Sustainability Principle.
The backcasting planning process results in a set of measures that can be
divided into dematerialization and substitution/change under each SP (Robèrt
et al. 2002).
Dematerialization measures should here be taken in their widest possible
meaning and include not only leaner production (Romm 1994) but also
recycling, new business models such as leasing (Fishbein et al 2000), and
completely new innovations outside the box that meet human needs at higher
material performance per unit of utility. Such measures are helpful in avoiding
accumulation of elements and compounds (SP I and SP II) and reducing
physical pressure on productive ecosystems (SP III). Increasing resource
productivity and reducing waste are also ways of ensuring sufficient resources
for people on the global scale (SP IV).
Substitution/change is sometimes required or preferred over and above
dematerialization. Examples include replacing metals that are scarce in
ecosystems (ones that consequently pose a greater risk of increasing in
concentration in ecosystems if not kept in essentially closed societal loops) –
for example cadmium - with the use of more abundant metals (Electrolux
1994; Johansson 1997) (SP I); replacing chemicals that are relatively
persistent and foreign to nature, such as certain plasticizers (Leadbitter 2002)
and CFCs, with more biodegradable chemicals (SP II); replacing materials
from poorly managed ecosystems and mining areas where natural systems are
not restored after mine-decommissioning (Holmberg et al. 1999) with
materials from well-managed ecosystems and mines (SP III); and narrowing
rationales for meeting market needs with a wider humanized perspective
given human needs at the global scale (Max-Neef 1989; Cook 2004) (SP IV).
New materials and practices should, of course, be selected by considering all
SPs collectively.
It is also possible that some materials may at times be required to increase in
use to replace other materials. For example, the use of biofuels will probably
increase as fossil fuels are gradually phased out. Moreover, photovoltaics may
play a key role in the transition to sustainability, probably leading to expanded
need for certain scarce metals (Andersson et al. 1998a). Such materials then
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must, of course, be safeguarded by essentially closed-loop societal processes
to ensure compliance with the SPs (Karlsson 1999). Thus, it must be assured
that such closed loops are economically viable or at least realistic over time.
For photovoltaics, the material turnover is rather small, the use is inherently
fairly non-dissipative and the long-term economic potential is probably large
enough to carry the costs of the closed loops But again, if more abundant
metals or other materials could provide the same function, those may be
preferred.
Economic relationships also exist between dematerialization and
substitution/change. Sometimes economically viable dematerialization is
insufficient, because involved materials are relatively non-degradable (e.g.,
CFCs or PCBs [polychlorinated biphenyls]), and/or have already surpassed
thresholds in natural systems due to the size of their flows (e.g., nitrogen
oxides [NOx]). In this case, substitution/change, rather than extensive and
expensive closed-loop recycling may be the best option, even though it may
be relatively expensive if economies of scale are lacking. Furthermore,
substitution/change often requires investment in new infrastructure. An
example is the development of substitutes for CFC refrigerants, as well as
new refrigerators that accept new refrigerants. But profitable implementation
of new technologies can often be supported or made possible through
dematerialization, that is, higher resource productivity and less waste within
the new production lines and products (Robèrt et al. 2002; Byggeth 2001).
In summary, the SPs inform a dynamic (economic) relationship in this regard:
Dematerialization
may
support
certain
substitutions/changes,
substitution/change may prompt certain dematerializations, and
substitution/change may eliminate some need for dematerialization. These
linkages are essential when strategic investment paths are considered, and will
surface if the applied method(s) allow(s) the transparency that follows from
basic principles (in contrast to methods that either build on aggregation into
one-dimensional information and/or certain selected impacts).
An example of how this dynamic has been handled in practice is the phasing
out of CFCs by the Swedish-based, multinational appliance producer,
Electrolux (Robèrt 1997). Introducing HCFCs would have meant an
improvement in relation to CFCs as regards ozone destruction potential.
HCFCs, though, just like CFCs, are relatively non-degradable in nature and
therefore also potentially problematic as regards SP II. This meant that
HCFCs, even though less damaging than CFCs, were not seen as a permanent
solution (considering also the amounts necessary and type of use). Instead, a
different strategy using the refrigerant R134a as a flexible platform was
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undertaken (Electrolux 1994). Given the relatively low degradability of R134a
and the fact that it is foreign to nature, it was not thought of as a long-term
solution in itself. It could for technical reasons, though, be used as a step—
linked to far lower subsequent investments than an HCFC-step would have
required—in preparation for the next generation of hydrocarbon cooling
agents. Electrolux expected to have the technology to ensure safe use of those
agents (they are explosive) within a few years. With the chosen strategy,
detailed LCAs comparing CFCs and HCFCs were unnecessary because these
substances, using the overview assessment described above, could be ruled
out as less viable paths to sustainability than R134a. The phase out plan for
R134a also made a detailed LCA unnecessary for that substance. Electrolux
was the first company to launch an entire family of Freon-free refrigerators
and freezers, resulting in increased market shares. The company also
presented a new overall business strategy based on the SPs (Johansson 1997).
It came to encompass a subtle balance of strategically chosen
dematerializations and substitutions/changes for a number of product families.
The market introduction of compact fluorescent lamps (CFLs) by IKEA, the
Swedish-based multinational home furnishings retailer, is another example of
this type of systematic planning. CFLs are energy efficient, but contain
mercury, meaning that they are not sustainable in their present form unless the
mercury is kept in a closed loop (which is very difficult). The head of
environmental affairs at that time, Russel Johnson, presents an abridged
version of the story (Johnson 2004):
“The trade-off problem here was between higher use of
mercury (SP I), lower expenditure of energy (mainly SPs I and
II), and higher costs for the lamps, thereby lowering their
availability to the public (SP IV). A more creative methodology
than trying to estimate whether the impacts outweighed the
benefits was to start the planning procedure from a point
where the trade-offs no longer existed – that is, backcasting
from the system conditions [the SPs] to find a strategy to
comply with them. In short, the following actions resulted:
1. A producer who could provide an adequate combination of
the listed criteria to serve as a platform was identified. A
reliable CFL with max. 3 mg Hg (mercury)/lamp –
comparable to the EU environmental labelling system
requirement of max 10 mg on the global market (i.e. a
reduction to one third of previous levels or a factor 3) for
such lamps – was then selected as the standard. A Chinese
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manufacturer, outstanding both from product design and
production technology perspectives met the requirements
while also being price-competitive.
2. This producer and its competitors were notified that as
long as they were ahead of the competitors on price,
energy expenditure and mercury content, they would
continue to do business with IKEA. Backcasting from the
system conditions [the SPs] had allowed the trade off
problem to support a process to arrive at principally
sustainable low-energy lamps.”

The Complexity of Making Detailed Priorities
How can trade-offs and uncertainties during the transition be managed? Some
trade-off dimensions include potential seriousness of the social/ecological
impacts of the issue, the individual actor’s relative contribution to the issue,
and the temporal perspective of impacts. Together, such issues present
themselves within areas of varying ambiguity (“gray areas”) along these and
other dimensions (figure 2). Sustainability issues should be dealt with more
urgently and vigorously the closer they are estimated to be to the max
extreme. Furthermore, uncertainty about where to put the issue along the
different dimensions adds yet another trade-off dimension. This implies that
greater uncertainty surrounding these and other dimensions (larger gray areas)
is generally a rationale for undertaking proactive measures, as dealt with by
the so-called precautionary principle.
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Figure 2. Gray Areas of Ambiguity for Prioritization Criteria for Sustainability Issues.
Competent decision making often relies on strategic trade-offs where sustainability issues are
evaluated against criteria such as potential magnitude, relative contribution to issue, and time
perspective. Two extreme points exist for each, with gray areas between them. Three
dimensions may already create considerable complexity, but more dimensions are often in play.
Furthermore, uncertainty due to knowledge gaps may speak in favour of adding safety-zones
along the dimensions (the precautionary principle). Issues between the extreme points should
be given an increasing degree of priority the closer they are to the max-extreme.

Simultaneously, the economic dimension must be considered. It may be wise
to schedule early measures that pay off quickly (“low hanging fruit”) to obtain
the economic power necessary to deal with the more severe challenges. This
article presents an approach to comprehensively accomplish this through a
framework based on a large enough systems perspective. Without such a
framework, the uncertainties regarding the respective relationships between
the issues, each presented in a multidimensional gray area, will make tradeoffs and prioritizations unmanageable from a strategic systems perspective.
So far, most LCAs have been performed without a generally accepted
framework for discussing impacts beyond the environmental perspective
(Brattebø 1996; Hoagland 2001; Pennington et al. 2004). It is important that
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sustainability-related life-cycle methods (including social life-cycle
assessment) use the same, and sufficiently wide, system boundaries (Klopffer
2003). But to limit the complexity and size of studies, most of today’s
commonly applied forms of LCA use geographic and time-related system
boundaries, focusing on a few ecological impact categories such as emissions
of greenhouse gases, acidification and eutrophication (figure 3).

Societal
Dimension
Ecol.
Dimension

Strategic
Business
Dimension

Sustainability
Impacts and
Issues

Figure 3. System Boundaries in Traditional Life-Cycle Assessment (LCA) - Based on Selected
Known Issues. The sustainability arena of a company starts with the strategic business
dimension under company control, and continues with the surrounding societal and ecological
dimensions that the company ultimately depends upon. The gray areas represent hot-spots, that
is, impacts and issues that are essential from a sustainability perspective within those
dimensions. Traditional LCA focuses mainly on a selection of known environmental impacts.

Many authors have discussed the complexity of, and difficulties related to, the
assessment of impacts from societal activities. Efforts have been made to
streamline LCA to make the results easier to interpret (Graedel 1998; SETAC
1997; Todd 1996; Udo de Haes et al. 2004). A recent survey of available
environmental evaluation tools in the EU concluded, though, that there are
many approaches for simplified LCAs but they are not always clearly and
consistently defined (Widheden 2002). This therefore likely translates into
inconsistencies when they are used.
A Swedish study on the implementation of environmental management
systems in Swedish companies concluded that only 10% of corporations have
allowed the results from LCAs to influence the measures taken (Zachrisson et
al. 1999). The study did not explain why, but others have discussed the issue
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(Frankl and Rubik 2000; Heiskanen 2000) and after talking to business
leaders (e.g., Johnson 2004) we suggest some presumptive reasons for the (as
yet) relatively low use of LCA by decision makers in business:
•
•
•

•

The results from LCA, performed by scientists to evaluate a scientific
question, may be too complex to interpret from a business
perspective.
Efforts to aggregate information from different categories of impacts
into simplistic figures for decision makers may be perceived as
questionable.
The impact perspective may be too narrow, that is, missing important
aspects of sustainability such as social aspects, unsustainable
management routines of ecosystems, and unsustainable emissions of
compounds with yet undiscovered impacts.
The commonly applied LCA methods generally lack a strategic
business perspective.

In conclusion, it is possible that the relatively low impact of LCAs on
business decisions is not only related to relatively low use of the method by
decision makers in business, but also to relatively low relevance of traditional
LCA for such purposes. LCA as currently practiced is neither complete from
the sustainability perspective, nor business-oriented, nor practical from a userfriendly perspective. But as discussed in the next section, this does not mean
that LCA cannot evolve to embody these characteristics.

Preliminary Guidelines for Strategic Life-Cycle
Management
Experience from Management of Complex Systems
It seems difficult to create comprehensible and user-friendly detailed
checklists or manuals to detect optimal investment paths towards
sustainability. Experience from management of any complex system (e.g.,
chess, traffic or medical practice), though, points toward some guidelines for
the selection of strategic paths:
•
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•
•

The complete investment path need not necessarily be determined upfront, only smart flexible steps followed by continuous reassessment
as the “game” unfolds.
Beyond a certain level of specificity, checklists may confuse more
than help decision makers.

The overall recommendation from this would be to: (1) establish clear basic
principles for sustainability up-front; (2) develop smart overall strategies and
guidelines for how to approach societal compliance with these principles (i.e.,
to apply a framework for decisions as a shared mental model among team
members); and then (3) proceed with the learning, that is, play the game and
getting experienced in seeing the big picture goals and selecting steppingstones in that direction. Once the need for more sophisticated tools, like multidimensional decision support (figure 2), and other support systems, evolves,
(4) those too ought to be selected and designed in line with the structured
overview that the basic principles provide.
The capacity of basic principles to directly inform relatively advanced
strategic decisions has been seen in many cases, such as the previously
presented Electrolux and IKEA examples. Could this inform LCA and
provide a method for assessing materials and products, and developing new
products, from a full sustainability and life-cycle perspective?

Desired Features of Strategic Life-Cycle Management
Preliminary ideas for strategic life-cycle management, connecting current
LCA methodology to a strategic sustainability perspective, are indicated in
table 1, figure 4 and table 2).
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First overview then detailed Potential socioecological and
analysis, as required.
economic problems from a full
systems perspective.

Sustainability assessment
of a product life-cycle
using backcasting from
sustainability principles.

Strategic LCM

Resource consumption and
emissions of known pollutants
within chosen scope.

Detailed analysis.

Detailed compilation and
evaluation of materials and
energy flows between a
chosen system and its
environment.

Traditional LCA

Focus on known environmental
problems.

Sustainability issues covered

Mainly overview analysis.

Analysis specificity

Overview of life-cycle
environmental aspects or
impacts.

Abridged description

Streamlined LCA

Approach

Objective

To identify strategic
pathways towards
sustainability.

To facilitate a choice of
material or product with
lowest environmental load
values within chosen scope.

To give decision makers a
simplified picture of system
environmental load.

Table 1. Strategic life-cycle management (SLCM) compared to other life-cycle related sustainability assessment approaches.
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Strategic
Business
Dimension
Societal
Dimension
Ecol.
Dimension

Principles of
Sustainability
1 2 3 4

Area of Related
Sustainability
Impacts and Issues
Major
Sustainability
Impacts and Issues

Figure 4. Strategic life-cycle management (SLCM) – sustainability principles as system
boundaries. This approach starts with an overview of the whole system through the lens of the
four Sustainability Principles (SPs). The large gray areas denote related hot spots, that is,
impacts and issues found to be in conflict with the SPs and therefore essential for winning in
the system. The smaller areas (black, or gray enclosed by a dashed line) may partly be impacts
and issues newly discovered using the SPs, and partly the same impacts that were identified in
figure 3, but now put in context. Some of these impacts and issues may be sufficiently described
from the overview, while others (the solid black areas) may require deeper analysis using tools
such as comprehensive life-cycle assessment. Other hot spot areas may not require any further
analysis if, for example, the initial overview analysis reveals a strategic need to completely
phase out a flow regardless of its exact size.

Instead of further narrowing the LCA scope, as is done in streamlined LCA, a
sustainability-related LCA approach, such as SLCM, would require a systems
view that tackled the problems from the broadest possible perspective
(Bucciarelli 1998). The four steps in a traditional LCA would then need to
reflect the following:
Goal/Scope
The goal/scope of the study should be clearly linked to the ultimate purpose of
society reaching sustainability. It should be recognized, for example, that for
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some purposes certain materials will probably ultimately not be used at all,
given the large investments such use would require to assure society’s
compliance with the SPs. The goal/scope should also include consideration of
indirect impacts that come from, for example, how ecosystems such as forests,
agriculture, and fisheries are managed. Attempts should be made to include
issues not yet known to harm the environment (Had CFCs been scrutinized
through a SP lens, it could have been determined already upfront that large
scale use, outside of tight technical loops, was not compatible with SP II).
Inventory Analysis
The inventory analysis should start from the top, with essentially no other
system boundaries but the ones that apply for the whole biosphere. This
means asking how a certain organisation or product, throughout its life-cycle,
contributes to society’s violation of the SPs. This overview will identify
important issues (“hot spots”) that may later require more detailed mapping,
to give more information on priorities. Morevoer, other issues may be
identified as less important and therefore omitted from further studies by
conscious decisions (not a priori from gaps in methodological design).
Impact Assessment
A full LCA normally uses the inventory analysis as input, divides
consumption and emissions into categories, and assigns quantitative indices
according to their perceived threat to the environment. This results in one or
several environmental impact indices that are presented to the decision-maker.
This could be valuable provided that the scope was wide enough, and includes
areas where society’s violations of basic SPs are also registered as impacts,
regardless of whether documented damage had surfaced or not.
Results Interpretation and Improvement Assessment
The results interpretation and improvement assessment should include the full
scope of options available given the full context of impacts identified above,
and should also incorporate the business perspective. In a systematic way, it
should deal with the complex trade-offs and prioritization exercises that are
inevitable parts of choosing options. The strategic focus should be “smart
stepping-stones towards sustainability” rather than relying solely on “the least
harmful option right now”. Although ISO 14040 and 14043 refer to this
component as an “interpretation” stage (ISO 14040:1997; ISO 14043:2000), a
wider meaning is proposed here, implying that an improvement assessment
(or a gap analysis) in relation to the SPs. should also take place at this stage.
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Table 2: How a framework for sustainability can add to traditional LCA
LCA Stage
1. Overall process

A-B-C-D Analysis Step

Benefits of Integration

A-B-C-D

Provides a structured A-B-C-D manual
and a set of questions with which one
can “backcast from basic principles”.

2. Scope/goal definition

A

Relates the exercise to the sustainability
principles (SPs) so that scope is not
limited to impacts that are certain and/or
known.

3. Inventory analysis

B

Focuses on flows and practices relevant
to the broadened sustainability-related
scope.

4. Impact assessment

B

Impacts seen as contributions to
violations of basic principles make it
possible to not only fix problems, but
avoid yet known problems.

(i) Option generation

C

Provides overall strategic organizational
objectives and improvements based on
the four SPs, and categorizes them into
two distinct and useful mechanisms for
option generation - dematerialization
and substitution/change.

(ii) Option analysis and
option choice

D

Provides a set of questions (that are
particularly useful at this stage) to
ensure that the full context of
sustainability, including the strategic
business/economic dimension, is taken
into account.

5. Interpretation and
Improvement assessment

Introductory Steps towards Strategic Life-Cycle Management
LCA has previously been discussed in relation to a sustainability perspective.
Cooper (2003) suggests using the traditional LCA approach but focusing more
on impacts that are directly or indirectly linked to certain sustainable
development indicators of national interest. Andersson and colleagues
(1998b) use an approach similar to the one put forward in this article. They
also state that this perspective would open up for a more strategic approach to
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LCA, but they do not elaborate this idea, nor deal with the issue of
complexity.
The framework for strategic sustainable development that is presented here
has also been integrated with a traditional model for product development
(Byggeth 2001). Product development teams from ten small- and mediumsized enterprizes (SMEs) were exposed to guiding questions under each SP
and under each stage of the product development process. With this
experience, a Web-based method for sustainable product development’
(MSPD) is under development, aimed at creating a generic approach that can
be applied for any product category. The method encompasses problemrelated questions referring to the B-step with its current flows and practices
(figure 1), and solution-related questions referring to the C-step (option and
vision creation). Both question types refer to the full life-cycle. These
questions are run in a brainstorming session format where the answers under
B and C are listed, and smart early moves from C are selected to form a
strategic plan (D). Each question may trigger further extensive/quantitative
analysis and the creation of indicators that would be suitable to monitor the
phase out of critical flows and practices. Examples of B-questions under SP I,
for instance, are: “Does our project/process/product systematically decrease
its economic dependence on fossil fuels? Is it economically dependent on
dissipative use of materials from the lithosphere and/or mined materials that
are relatively scarce in ecosystems? Are elements from those materials
currently increasing in concentration anywhere in the biosphere?”
The MSPD has also been used to produce templates for sustainable product
development (TSPDs), where groups of sustainability and product experts
develop tailored descriptions of various product categories. Thus, the TSPDs
are product-category-specific, but still general within the categories. Industrial
designers can use the templates for filling the general sustainability gaps with
innovative solutions for TVs, refrigerators, and so forth. This is intended to
provide businesses with a time- and resource-efficient opportunity to see the
sustainability contexts of their respective products and services. Templates
have been tested in a beta-study of Matsushita’s TVs, refrigerators and for
their recycling plant (METEC) in an effort to produce sustainability reports
for those items (Matsushita Electric Group 2002). The TV case study is
described in detail by Ny and colleagues (submitted). Both new ideas and
potential hot spots requiring incorporation into strategic planning and future
detailed assessments (e.g. by LCA) were identified.
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Future Steps towards Strategic Life-Cycle Management
Recent MSPD and TSPD experience is suggested as a basis for developing
more concrete guidelines for SLCM. We aim at a computer-based working
environment (“design space”) containing tools that are all informed by a
framework for strategic sustainable development, thereby providing more
synergistic decision support for sustainable products and services (figure 5).
Design
Team

Design Space

Library of Expert Templates
Prod. Dev. Process

Method for Sustainable Prod. Dev. (MSPD)

B -Prod.
Current
Problems
Dev.
Process
C - Future Solutions
TVs
B -Prod.
Current
Problems
Dev.
Process
C - Future Solutions
Cars
B - Current Problems
C - Future Solutions

Prod. Dev. Process
B - Current Problems?
C - Future Solutions?
D – Prioritised Solutions?

Practitioners’ Good
Examples
Car
Projects
TV
Projects

Support Tools

Life Cycle
Assessment

Lean
Prototyping

Systems
Dynamics

Figure 5. A future design space. Tools and concepts that are all informed by the strategic lifecycle management (SLCM) perspective constitute the design space. Tools that are already
under development are the method for sustainable product development (MSPD), a library of
expert templates for sustainable product development (TSPDs), a practitioners’ good examples
and support tools.
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Conclusions
This article argues that a framework for sustainable development based on
backcasting from basic principles for sustainability (often referred to as The
Natural Step framework) could and should be used to foster a new general
approach to the management of materials and products that allows the overall
analysis to be informed by (1) all issues that are essential from a basic
sustainability perspective, and (2) all suggestions that can serve as flexible
actions to eventually arrive at sustainability. It is suggested that this
combination of framework and life-cycle assessment and management
techniques, such as LCA and other support tools, be termed “strategic lifecycle management.” Introductory applications of this approach suggest that it
makes it possible to avoid costly assessments of flows and practices that are
not critical from a sustainable development perspective, and to identify
strategic gaps in knowledge or potential problems that need further
assessment. Benefits are discussed particularly in relation to product
development and LCA tools, but this approach could probably also improve
the performance of other existing tools for the management of materials and
products as well as facilitate the identification of need for, and the
development of, new tools.
It is also argued that analysis dealing with system boundaries should start with
an overview of the whole system, allowing all issues that are found to be in
conflict with basic sustainability principles (SPs), as described earlier, to be
taken into account. This requires a perspective that: (1) is large enough in time
and space (humanity and ecosystems on Earth, both now and in the future);
(2) supports assessment of products and services through the full life-cycle,
where the lens is the SPs - and only thereafter are detailed studies on specific
impacts undertaken by means and tools that are selected and designed for the
purpose; (3) includes the strategic dimension of senior management and
decision makers, that is, views innovations and design changes as
economically feasible platforms and strategic trade-offs towards
sustainability; (4) supports handling of complexity in a feasible and simple
enough way to be practical, yet not simplistic in such a way that essential
aspects of sustainability are inherently lost in the process; and (5) catalyzes
innovation so that problems as well as solutions can be dealt with in a way
that frees creativity from traditional constraints.
A more traditional assessment of targets might, for example, suggest that a
corporation recycle 30% more than before or set recycling targets based on
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global best practices, instead of the more rigorous standard of recycle as much
as is required to prevent the organization’s contribution to the societal
problem of systematic accumulations of minerals anywhere in the biosphere”.
Though the latter does not always give immediate answers as to how much
recycling of a certain mineral is therefore required, given that there are so
many possible solutions to this objective, the difference is still fundamental.
Not maintaining continuous sight of the ultimate objective continuously
deprives the creative process of its ultimate driver. The potential for
leapfrogging and for preventing investments that may lead to dead ends in
which present problems are replaced with other ones in the future is also
probably greater with the birds-eye perspective.
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Sustainable Product
Development
through a Case Study
of Televisions
at the Matsushita Electric Group
Ny, H., Byggeth, S.H., Robèrt K.-H., Broman, G.and MacDonald, J.P.

Abstract
We have previously developed a method for sustainable product development
(MSPD) based on backcasting from basic sustainability principles. The MSPD
informs investigations of product-related social and ecological sustainability
aspects throughout a concurrent engineering product development process.
We here introduce “templates” for sustainable product development (TSPDs)
as a complement. The idea is to help product development teams to arrive
faster and more easily at an overview of the major sustainability challenges
and opportunities of a product category in the early development phases. The
idea is also to inform creative communication between top management,
stakeholders, and product developers.
We present this approach through an evaluation case study, in which the
TSPDs were used for a sustainability assessment of televisions (TVs) at the
Matsushita Electric Group. We study whether the TSPD approach has the
ability to (1) help shift focus from gradual improvements of a selection of
aspects in relation to past environmental performance of a product category to
a focus on the remaining gap to a sustainable situation, (2) facilitate consensus
among organizational levels about major sustainability challenges and
potential solutions for a product category, and (3) facilitate continued
dialogue with external sustainability experts, identifying improvements that
are relevant for strategic sustainable development.
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Our findings indicate that the TSPD approach captures overall sustainability
aspects of the life cycle of product categories and that it has the above
abilities.
Keywords: backcasting, concurrent engineering, ecodesign, industrial
ecology, sustainability, The Natural Step (TNS)

72

Paper B - Introducing Templates for Sustainable Product Development

Introduction
A Method for Sustainable Product Development
The early part of the product1 innovation process is a critical intervention
point for the transformation of society toward sustainability. Once a product
design has been set, its sustainability attributes are largely fixed. It is therefore
imperative to develop rigorous and operational methods and tools for
sustainable product development (Charter and Chick 1997; Ritzén 2000). A
general method for sustainable product development (MSPD) has previously
been proposed (Byggeth et al. 2007). This method is designed to put product
development in the context of a stepwise approach for society to comply with
basic socioecological sustainability principles and to focus also on strategic
competitive elements of such transitions. When testing the MSPD, some
Swedish businesses expressed a desire for some kind of guidance for specific
product categories and for improved interaction with other methods and tools,
such as environmental management systems (EMS), life cycle assessment
(LCA), and computer-aided design (CAD; Byggeth 2001; Byggeth et al.
2007).

The Matsushita
Development

Case—Templates

for

Sustainable

Product

Matsushita, a large Japanese multinational electronics company, wanted to
uncover overall gaps in its activities when viewed from a sustainability
perspective and find out ways to strategically develop its products to close
these gaps. The company owners therefore decided to get advice from
external sustainability experts. As a result, an advisor from the
nongovernmental organization (NGO) The Natural Step International (TNSI)2
was engaged to lead a sustainability assessment of Matsushita’s televisions
(TVs). At the time, Matsushita was more interested in obtaining an external
opinion of the overall sustainability performance of its TVs than in engaging
upfront in a more extensive MSPD exercise to arrive at new and more
sustainable lines of TVs. Drawing from the MSPD experience, the
sustainability expert suggested a new and more straightforward approach
1

.By products, we mean physical artifacts, software, processes, services, or combinations of
these in systems.
2
TNSI is a Swedish-based international nonprofit NGO, advising organizations on strategic
sustainable development. Their approach, known as The Natural Step Framework, builds on the
strategic sustainability perspective described in this article.
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aimed at providing what Matsushita requested. The expert first applied the
same approach as in the MSPD to arrive at an overall sustainability
assessment of TVs in general, a “template” for sustainable product
development (TSPD) of TVs. Thereafter, Matsushita’s integrated product
development team could relate the specifics of their TVs to the template. This
group includes product developers and representatives from top management;
we hereafter use the term the client when referring to them as a group. The
idea was to rapidly increase the ability of company in-house product
developers to see and apply the overall long-term sustainability picture as an
aid for identifying a suitable mix of dematerialization and substitution
investments. The goal was also to give them a means for communication
to top management to receive support for actions.

Article Purpose
The essence of the TSPD approach and its potential for aiding sustainable
product development are discussed and analyzed in the context of the
Matsushita case study. The following research questions are addressed: Are
there indications—and, if so, which—that the client, in line with the aim of
the template approach,
1. has moved from a traditional focus on gradual improvements of a
selection of aspects in relation to past environmental performance to a
focus on the remaining gap to a future sustainable situation?
2. has reached a common understanding among different organizational
levels of major sustainability challenges and potential solutions?
3. has facilitated a continued dialogue with external sustainability
experts, identifying improvements that are relevant for strategic
sustainable development?

Overarching Research Method
The research was conducted in several steps, which are described in further
detail in the coming sections; describing the background theory; describing
and clarifying the template approach; evaluating the effect of the template
approach in the Matsushita TV case:
a. What was the sustainability performance of the Matsushita TVs
before the approach was introduced?
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b. Was the template approach applied as intended?
c. What indications of resulting product-related
improvements could be found?

sustainability

Background Theory
A Framework for Strategic Sustainable Development
The template approach is based on a framework for strategic sustainable
development that aims at clarifying how our future society must be
constituted on the most basic level to be sustainable. This framework also
suggests how organizations can plan and act to support society’s
transformation toward such a society while avoiding financial risks associated
with unsustainable practices and foreseeing new business opportunities.
This planning challenge is dealt with at five different interacting levels
(Robèrt 2000; Robèrt et al. 2002):
1. the system (in this case, the organization within society within the
biosphere).
2. success in the system (in this case, products supporting society’s
compliance with principles for sustainability).
3. strategic guidelines to arrive at success in the system (in this case,
mainly “flexible,” “direction,” and “payback,” as described below).
4. actions aligned with the strategic guidelines to arrive at success in the
system (in this case, mainly product life cycle improvements).
5. methods, tools, and indicators designed to help prioritize and monitor
actions that are strategic to arrive at success in the system.
This framework has been developed in a scientific consensus process into a
concrete planning method called backcasting from sustainability principles
(BSP; Robèrt 1994; Holmberg 1995; Robèrt et al. 1997; Holmberg et al. 1999;
Broman et al. 2000; Robèrt 2000; Robèrt et al. 2000; Robèrt et al. 2002; Ny et
al. 2006). The current wording of the sustainability principles (level 2) is as
follows (Ny et al. 2006, 64):
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In the sustainable society, nature is not subject to systematically increasing . .
.I . . . concentrations of substances extracted from the Earth’s
crust,
II . . . concentrations of substances produced
by society,
III . . . degradation by physical means,
and, in that society . . .
IV . . . people are not subject to conditions that systematically
undermine their capacity to meet their needs.
BSP is, in practice, often run by an external facilitator who takes an
interdisciplinary group of company representatives through the following
ABCD working procedure (figure 1):
A. Discuss the framework as such, to reach acceptance for it as a shared
mental model for the work to come.
B. Start an iterative process of brainstorming, describing current
practices in relation to the sustainability principles.
C. Identify alternative future solutions or visions that are likely to
comply with these principles.
D. Evaluate and prioritize between early strategic actions (investments)
to close the gap between B and C. The main three strategic guidelines
for this prioritization are as follows:
1. Choose “flexible platforms” or investments that are likely
possible to develop further toward success as defined by the
sustainability principles and other goals set up by the organization
(this guideline is called “flexible” in step D of figure 1).
2. Seek to reduce the contribution to society’s violation of the
sustainability principles (“direction” in figure 1).
3. Strive for sufficient return on investment soon enough to
continuously reinforce the process (“payback” in figure 1).
In the decision regarding an individual investment, though, the three
guidelines need to be assessed in a dynamic interplay between each other
(figure 1). Previous studies have repeatedly shown how this framework can
assist businesses and municipalities in grappling with the complexity of the
sustainability challenge and turning what is often perceived as a cost into an
opportunity for innovation and cost savings (Broman et al. 2000; Nattrass and
Altomare 2002; James and Lahti 2004).
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Figure 1. The ABCD procedure of backcasting from sustainability principles (Adapted from Ny
et al. 2006). Start by agreeing on a mental model of the concept of study (concept X), the
sustainability challenge (a decreasing window of opportunity, the funnel), the sustainability
principles (SPs I–IV), and the ABCD procedure as such (A). Then identify present practices
that are either problematic with respect to the sustainability principles or assets for solving the
problems (B). Continue with brainstorming to list potential solutions to the problems and
envision new sustainable concepts (C). On the basis of the C list and strategic guidelines,
prioritize actions into a strategic plan (D).

Sustainable Product Development
The difference between sustainable product development and concepts such
as “eco-design” and “design for environment” (DfE) has previously been
emphasized by several authors (Roy 1997; Simon and Sweatman 1997; Van
Weenen 1997). Roy, for example, claims that sustainable product
development goes beyond the environmental optimization of products and
processes, aiming to create product designs that are ecologically sustainable
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while providing functions that meet basic human needs. Simon and Sweatman
agree, defining DfE as incremental improvements of existing products without
challenge to the status quo of the current unsustainable consumer society.
Another study has scrutinized some methods and tools for ecodesign/DfE in
relation to the above-mentioned framework for strategic sustainable
development, identifying several gaps that need to be dealt with before the
tools can be used for sustainable product development (Byggeth and
Hochschorner 2006). None of the studied methods/tools was based on a
framework with defined socioecological sustainability goals, and none of
them had a methodology for strategically moving toward such goals.
Moreover, none of the scrutinized tools covered both degradation of
ecosystems by physical means (sustainability principle 3 [SP3] of the BSP)
and degradation of the social system (SP4 of the BSP). Byggeth and
Hochschorner also suggest that product development should not only aim at
improvement of products regarding an arbitrary selection of impacts from
current flows and practices. Product development should also aim at
preventative life cycle thinking and creation of viable paths of opportunities in
a sustainability-driven business perspective. The historic lack of such systems
overviews has led to many unforeseen and unintended negative impacts. One
example is the relatively nontoxic and nonbioaccumulative freons
(chlorofluorocarbons [CFCs]) that were originally introduced as more
efficient and less expensive refrigerants; their negative effects on the ozone
layer were not detected until decades later (Geiser 2001). Although this
problem was very difficult to predict because of the complex mechanisms
behind it, it should have been possible to avoid if principled reasoning in
relation to the sustainability principles had been used. At the time when CFCs
were first introduced, they were already known to be foreign to nature and
designed for low degradability. These known properties make CFCs
especially prone to increase in concentration in nature once they are emitted
(as an analysis in relation to SP2 would have shown). This means that largescale use of such substances in society should not have been allowed without
rigorous control.
To support prevention and proactivity, an MSPD has been proposed (Byggeth
et al. 2007) in which the above-mentioned framework is integrated with a
concurrent engineering development process (Olsson 1976; Roozenburg and
Eekels 1995; Ulrich and Eppinger 2003).
The overall purpose of the MSPD is to
•
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•
•
•
•
•
•

provide a strategic approach to sustainable product development.
provide basic knowledge about product development methodology.
raise awareness of product-related sustainability issues and point to
sources of more detailed sustainability and environmental information
needed to address these issues.
initiate relevant investigations and link traditional design
considerations with sustainability considerations to stimulate
creativity.
aid identification and clarification of tradeoffs and prioritization of
short-term and medium-term actions.
aid documentation in line with the above structure.

This is done by an introduction manual (A), a modular system of probing
questions to stimulate brainstorming (B and C), and a prioritization matrix to
aid decisions about which solutions to carry forward to the next stage (D). The
probing questions are derived through consideration of basic sustainability
principles throughout a life cycle perspective and thus function as creative
constraints and facilitate multidisciplinary problem solving and decision
making. More detailed investigations with analytical methods and tools,
initiated from the MSPD, should also be informed by this overview. A wellstructured overview is not an alternative to detailed knowledge and detailed
methods and tools, such as Factor X analyses, ecological footprinting, or
LCA, but it is a way of making better use of such (Robèrt 2000; Robèrt et al.
2002; Ny et al. 2006).

The Expert-Guided Template Approach
Why Is It Needed?
Sometimes top management, as well as product development teams, may need
an early and quick overview of the sustainability performance of a given
product category. The most essential sustainability aspects should be
highlighted in a format that is easily accessible without a prior need to learn in
depth how the MSPD works. TSPDs were therefore developed. The TSPDs
should be able to serve as benchmarks for the analysis of existing products’
sustainability performance or provide planning support for a specific new
product concept. Top management, for example, should be able to identify
resemblances and differences between the sustainability expert’s input, on the
one hand, and their own product policy and product plans, on the other. The
MSPD and TSPD approaches can also be used in combination (figure 2). The
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TSPD can be used in the early phases of the product development process to
create overviews of the current situation and future options (B and C of the
ABCD procedure described in figure 1). Thereafter, the MSPD can be applied
throughout the product development process to go deeper into B and C as well
as to explore more in-depth prioritizations among the options (D of the ABCD
procedure).

Figure 2. The application of the method for sustainable product development (MSPD) and
templates for sustainable product development (TSPDs) in a product development process. The
MSPD consists of several modules of probing questions on sustainability challenges
(symbolized by B?) and potential solutions (symbolized by C?) that could be used as creative
input to the product development team throughout the product development process. The
MSPD also supports the prioritization between potential solutions (D). The templates include
expert statements on expected sustainability challenges (symbolized by B!) and potential
solutions (symbolized by C!) for product categories. The TSPD focus is on the early stages of
product development, and external stakeholders are, to a larger extent, taken into account.
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How Is It Done?
The overall intent of the TSPD approach is to creatively identify short-term
and long-term options for moving product categories toward sustainability.
The specificity of such a product category will have to be decided from case
to case, but generally it will cover products that have the same function.
Economic and other constraints are evaluated in later stages, and the TSPDs
are then part of the input for the prioritization of actions. There are TSPD
procedures both for evaluating an existing product and to provide planning
support for a new product concept. Both procedures require facilitation by an
internal or external expert (“the sustainability expert”) in strategic sustainable
development and the template approach. The client, as defined above, refers to
the integrated product development team of a company that uses the template
approach.
Evaluating an Existing Product
• The sustainability expert leads a preparatory dialogue with the client.
• Triggered by generic key questions (table 1), the sustainability expert
identifies and makes statements about overall current sustainability
problems of the product category (step B of the ABCD procedure).
This is followed by identification and overall statements about
potential solutions and visions for a future sustainable situation (step
C of the ABCD procedure).
• The client responds to these statements by providing aspects from
competence fields, such as product development and management.
Simple misunderstandings are sorted out. Acceptances of the
statements as well as possible differences of opinion are clarified.
• The sustainability expert gives feedback on the responses to the
client.
• Items 3 and 4 are repeated until consensus is reached for this
overview assessment.
• A final presentation is given in a common session, and a consensus
report, including the templates, is produced.
Providing Planning Support for New Products
1. The sustainability expert leads a preparatory dialogue with the client.
2. Together they identify the desired function and an existing reference
product that can fulfill this function.
3. They plan for a new product by using the identified reference product
when walking through steps 2 through 6 of the above procedure for
evaluating an existing product.
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What Is It?
There are three templates, each containing the current situation (B) and
possible future solutions and visions (C; figure 2):

•
•
•

Template I: market desires/needs (focusing on market desires
and their relation to basic human needs and on identifying the
desired product function).
Template II: concepts (focusing on life cycle sustainability
consequences of meeting the market desires with a certain
product concept).
Template III: extended enterprise (focusing on societal
stakeholder consequences from the product concept and on how
they can be influenced).

The issues covered by the three templates are considered to be particularly
relevant for the creation of a generic overview. The two first templates (needs
and concepts, respectively) are chosen stages of the concurrent engineering
process, and template III (extended enterprise) takes a societal stakeholder
outlook. More detailed stages of the concurrent engineering process, such as
design and production preparation stages as well as the whole launch or
realization (i.e., actual production, distribution, sale, and use), involve very
specific aspects for each individual development project. We assume that
general reusable conclusions for a product category would be more difficult to
reach in those stages. Similarly, step D of the backcasting procedure
(prioritization of solutions from C) is also excluded, as the templates’ purpose
is not to be prescriptive but to trigger creativity and act as input for later
detailed priorities. The essence of templates I, II, and III is described briefly
below (table 1).
Template I—Covering Market Desires/Needs
Strict development of any product should be preceded by product planning
(Roozenburg and Eekels 1995). This includes a continuous review of the
company’s product policy (overall goals and strategies) and search for new or
modified product/business ideas. Among other things, this means asking what
types of products the company wants to provide and what markets should be
in focus. This is the primary task for top management, but all parts of the
company should in some way be involved. New ideas could be stimulated by
feedback from the current use of products in society, captured, for example,
through the company’s sales and service activities. New ideas could also be
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stimulated from the ongoing production and, of course, by the company’s
research and development (R&D) activities in a broad sense. Predictions of
consumers’ future desires and the company’s capabilities of meeting these are
critical for success.
The global sustainability challenge may pose critical questions as to the true
human service/utility of any product idea. When it comes to human needs, we
draw especially from Max-Neef (1992), who claims that nine universal basic
human needs should be satisfied (subsistence, understanding, protection,
affection, idleness/ leisure, creation, identity, participation, and freedom).
Max-Neef states that these needs are constitutional—that is, what differs
between cultural contexts is how such basic needs are satisfied, not the needs
as such. Furthermore, people should have the capacity to meet all their needs
over time to avoid “starvation” symptoms and destructive compensation
activities. Poor people, for example, are likely to make sure that their
childrenare fed, even though it may mean that they cut down the irreplaceable
rainforest or steal from others. A sustainable society will have to maintain
itself over time and therefore have interpersonal relations robust enough to
sustain not only the social system but the global ecosystem as well. In this
context, products could be seen as satisfiers of human needs.
What, then, could a socially aware company do if it strives to contribute in a
transition to a sustainable society? It should not only do some randomly
selected good things for its stakeholders, but it could also identify for each
stakeholder how each of the above nine human needs might be violated
throughout the product life cycle. Then the company could systematically
address all those violations.
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Time

Table 1. Master Template Matrix

Templates
I. Market
Desires
/Needs

II. Concepts

III. Extended Enterprise

Current market
desires addressed:

Conceptual design
of today’s product:

Current stakeholder
communication/cooperation:

What current flows and
management routines from
the life cycle of the chosen
product/service concept are
critical from a full
sustainability perspective? In
other words, what critical
violations of the
sustainability principles
could be identified for the
following general lifecycle
phases?:

What current preferences and
conditions of societal
stakeholders are opposing the
introduction of more
sustainable product/service
concepts? Is the company
trying, through external
communication and actions, to
change these preferences and
conditions? If so, how?

B (current situation)

What current market
desires is the
product/service
intended to meet?
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What are some current
overall sustainability
problems related to
these market desires?
How do these market
desires relate to basic
human needs?

•

resource extraction,
supply chain &
manufacturing

•

distribution and use

•

final disposal or
reuse/recycling/land
filling

What current product/service
value-chain cooperation is
agreed upon and what gaps
can be identified that prevents
responsible handling of
sustainability problems
throughout the lifecycle?
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Time

Table 1. (Continued)

Templates
I. Market
Desires
/Needs

II. Concepts

Likely conceptual design
of future product:

Likely future stakeholder
communication/cooperation:

Could the physical flows,
management routines, etc,
related to the current lifecycle of the product concept
be developed to reduce the
risk of societal violation of
the basic sustainability
principles? In other words,
what solutions to productrelated sustainability
problems could be identified
for the following general
lifecycle phases?:

What future societal
stakeholder preferences and
conditions would be
particularly favourable for the
development of more
sustainable product/service
concepts, and how could the
company interact with
external stakeholders to
facilitate such change?

Likely future market
desires to address:

C (future solutions/visions)

What new market
desires are likely to
evolve in the future as
responses to the
sustainability
challenges?
What new market
desires, related to your
core business, could
improve the chances of
fulfilling basic human
needs?
Are there any market
trends that point in this
direction?

III. Extended Enterprise

•

resource extraction,
supply chain &
manufacturing

•

distribution and use

•

final disposal or
reuse/recycling/land
filling

What future strategic
product/service value-chain
cooperation would be
particularly favourable for
responsible handling of
sustainability problems
throughout the lifecycle? How
could the company develop
such cooperation?

Could new product/service
concepts be developed that
meet the current and/or
future market desires while
reducing the risk of societal
violation of the basic
sustainability principles?
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Template II—Covering Concepts
Once basic product functions have been established, it is necessary to find out
how, in principle, these functions could be realized. This is often called
“conceptual design.” The aim of this phase of the development process is
broad solutions as points of departure for the more detailed design. In general,
these conceptual solutions should be carried to a point where the means of
performing each major function has been fixed, as have the spatial and
structural relationships of involved components. One should also establish
broad ideas of the shape and the kinds of materials of the product and its parts
(French 1985).
It should also be possible to roughly assess aspects such as appearance,
production, and costs (Roozenburg and Eekels 1995). It is usually desirable to
generate many concepts. Decisions on which of the concepts to bring ahead
for more detailed design are based on design constraints and evaluation
criteria. Sustainability aspects should play a major role in the concept phase—
for example, to stimulate creativity in concept generation and to guide
evaluation. Template II thereby gives early indications of negative impacts on
ecological and social systems that product concepts might cause throughout
their life cycle.

Template III—Covering Extended Enterprise
In parallel with the market analysis and the conceptual design, an overall
marketing plan (and rough ideas of a production plan) is normally developed.
This includes simulation of commercial results and comparison of those with
the business economic goal. Of course, this interacts mutually with technical
simulation. The intent of template III is to complement this marketing
planning by stimulating creativity around possibilities for the company to
influence customers’ and other stakeholders’ preferences, as well as market
conditions such as legislation, taxes, subsidies, and other politically decided
incentives. This wider business opportunity perspective (extended enterprise)
overlaps with the product life cycle focus normally covered by extended
producer responsibility (Lindhqvist 1992, 2000). Because it is rarely possible
for a single company to fully control the entire life cycle of its products, the
TSPD approach promotes cross-sector dialogues and business agreements
with other companies and stakeholders. Judging the potential for, and timing
of, such market influences is important in deciding what product concepts to
prioritize.
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Case Study: Evaluating the Template Approach for
TVs at Matsushita
In this section, we evaluate the pilot case study in which this TSPD approach
was first used. The wording of the triggering questions in table 1 and the
procedural description above were not exactly the same at the time of this
pilot study. Our formulations have developed with this pilot case study and
the subsequent analysis presented in this article. The essence of the approach
was, however, the same, and although some lack of clarity might have had an
influence on the client’s ability to respond as intended, we believe that this
case study is a valid basis for some early general conclusions.

About Matsushita
In 2002, the Matsushita Group consisted of over 300 companies globally, with
290,000 employees and annual global sales of US$67 billion.3 The Matsushita
Group operated mainly in four business domains, 60% of which was
represented by TVs, camcorders, audio equipment, and mobile phones under
the Panasonic, Technics, and Quasar brands.

Before the Sustainability Assessment
Around the year 2000, a new legislation trend started in some northern
European countries, including Norway (Regulation Regarding Electrical and
Electronic Products 1998) and Sweden (Producer Responsibility for Electrical
and Electronic Products Ordinance 2000). Japan joined in by passing several
basic laws for establishing a recycling-based society (Specified Home
Appliance Recycling [SHAR] Law 2001). The SHAR Law assigns part of the
responsibility for end-of- life management of TV sets, refrigerators, air
conditioners, and washing machines to producers. Some main driving forces
behind this law were the scarcity of final disposal sites and the increase of
electrical and electronic equipment in the waste stream (Tojo 2004). These
legislative developments emphasized Matsushita’s need to continue its
already successful work with environmental issues. Before this study,
Matsushita had eliminated the use of CFCs in both the manufacturing and the
operation of its refrigerators and eliminated the use of plasticizers with high
contents of scarce metals in the polymers used in its TVs. Matsushita had also
3

For further detail, see http://www.matsushita.com.
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aimed for 55% recycling rates for its TVs by the year 2001 (Matsushita 2000).
The question for Matsushita was then whether the company had missed any
critical sustainability aspects that should be considered for future planning and
that could trigger innovation. In 2000, Matsushita executives therefore went to
northern Europe and asked external sustainability experts from the NGO
TNSI for advice (Matsushita 2002).4 A first step, an overview assessment of
Matsushita and its operations, was completed in 2001 (Lindman and Nyström
2001). In the same year, the Japanese law for recycling of specified home
appliances was passed, and Matsushita established a major recycling plant for
electric and electronic waste (METEC). This move made Matsushita a crucial
part of the national recycling schemes mandated by this law (Matsushita
2006).As a next step, the sustainability expert then suggested a process by
which a Matsushita team should be educated on the MSPD approach and then,
jointly with the sustainability expert, apply it in a sustainability assessment.
Matsushita did not at that time prioritize involvement with a new detailed
method, such as theMSPD. Instead, management wanted the expert to first
identify their main sustainability gaps. This led to the development of the
template approach described above.

The Sustainability Assessment
According to a leading Japanese TNSI consultant (Takami 2006), the
Matsushita sustainability assessment was conducted over several years. At
first, two people from the Matsushita environmental division had some
preparatory training in strategic sustainable development, including the
backcasting from principles planning method (figure 1).Then they, in turn,
instructed key technical staff from the TV design groups. In the beginning of
2002, this Matsushita team was then exposed to the sustainability expert’s
templates, designed specifically for TVs in response to questions similar to
those presented in table 1. After that, they responded by confirming, rejecting,
constructively augmenting, or reflecting on these statements. Thereafter, the
sustainability expert scrutinized the Matsushita teams’ responses to evaluate
whether they had, in his opinion, considered all practices that were critical
with regard to sustainability (B) and strategically addressed options to bridge
the gaps in the company’s product planning (C). This feedback was then, on
several occasions, given to the top management and product developers,

4

The lead advisor was Karl-Henrik Robèrt, founder of TNSI and adjunct professor at Blekinge
Institute of Technology.
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starting with Vice President Miki5 and 20 key technical staff from the TVs
design group.

Time

Table 2. Template 1 excerpts from the Matsushita Sustainability Assessment (Robèrt 2002)
Triggering
questions

B (current situation)

…and what
are the overall
sustainability
problems
linked to
these
services?

C (future solutions/visions)

Which
services does
TV currently
provide to
people?

Could the
application of
TV above, or
new
applications
of TV, be
developed to
support
sustainability,
in any way,
for the future
market and/or
are there any
trends in the
market that
point in that
direction?

Sustainability
expert’s
statements
“TV is a medium of
communicating
information and
knowledge as a
component of a larger
human-machine
interactive system.”
“…IT in general,
including TV, has not
played a very clear role
in saving societal
resources or been part of
a conscious strategy to
reach sustainability.”

“We can use TV for:
video-conferencing,
education, e-mail, websurfing to save resources
from transporting people
or information, […],
intensified
communication between
industrialized countries
and developing
countries.
“…producing TV in new
ways, through means of
dematerializations and
substitutions for each
SP, seems to be a good
idea...”

Matsushita’s
responses

Sustainability expert’s
feedback

[Expert’s statements
applicable, and, in
addition]:
“There are some
minorities who can send
and receive information
with multilingual and
sign services”

[Congratulates Matsushita
for being open to see TVs
in a new light]:

“Recycling TV sets just
started from April 2001
in Japan, and we have
been making a lot of
efforts for infrastructure,
technology and design
suitable for recycling.
However, we have to
admit that the amount of
material recycled is still
small [55%].”

[Expert’s statements
applicable and
Matsushita is]:
“Aiming for TV set
production in which
Reduction and Recycle is
pursued thoroughly”
[and…]:
“The most influential
issue in the life-cycle of
TV sets is to reduce its
electrical energy
consumption, and we
will develop products
with even higher energy
efficiency.”

“… TVs as a potential
saver of resources in the
modern society […],
global communication to
achieve a sustainable
society and so on.”
[More details needed on
sustainability solutions]:
“...the plans for the future
are to build all TVs on
recycled materials, but no
comments on the exact
way of doing so are
presented. Furthermore,
there are no comments on
rebound effects from the
use of IT.”
[and…]:
“No comments at all
about the business
potentials of TV in the
developing world are
presented.”
[and Matsushita claims to
seek a new ambitious
sustainability related
business model, but…]:
“… We leave it to
Matsushita to determine
how far towards the
boardrooms these plans
have proceeded.”

5

Sukeichi Miki is the chief technology officer (CTO), senior managing director, and member
of the board in charge of technology, quality, and environment at Matsushita.
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Analysis of the Dialogue in Template I
In table 2, we present some quotes of the sustainability expert and the client to
illustrate the dialogue and learning process brought about by template I. The
dialogue analysis that follows is based on table 2 and the complete template I
from the original template assessment (Robèrt 2002).
•

•

•

•

•

•
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In line with the overall purpose of the TSPD approach, the
sustainability expert tried both initially and in his feedback to shift the
Matsushita perspective from focusing on historic and current
improvements toward identifying basic product functions and how
they relate to a global sustainability perspective and, to some degree,
to basic human needs.
Matsushita opened up its view to see TVs in a widened perspective
beyond current market desires. The potential of TV to function as a
transition agent toward a sustainable society and a resource saver was
discussed.
The recycling achievements brought up by Matsushita team members
in their B responses actually rather belong to template II (see table 3),
as do dematerialization and substitution regarding the product itself,
brought up by the sustainability expert. The desire to avoid such
misunderstandings was one reason behind the new formulation of the
triggering questions (see table 1).
The sustainability expert pointed out that Matsushita had not
convincingly addressed rebound effects from increased efficiencies.
In this case, more efficiently manufactured (and therefore also
cheaper) TVs may lead to larger material flows from higher sales, as
well as to lower incentives for consumers to reuse and recycle. Again,
such aspects belong better to template II, where life cycle
implications are discussed.
Both the sustainability expert and Matsushita failed to include some
obvious aspects of the social impact of TVs. Examples are some wellknown negative health effects due to obesity, passivity, and lack of
social interactions in person. We would also have expected some
discussion about potential future problems and how to prevent them.
The focus in the sustainability expert’s statements, Matsushita’s
responses, and the sustainability expert’s feedback was, as intended,
mainly on the product policy level (overall goals and strategies). In
particular, this was true when the sustainability expert challenged
Matsushita to demonstrate top management support for a new,
ambitious, sustainability-related business model.
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C (future solutions/visions)

B (current situation)

Time

Table 3. Template II excerpts from the Matsushita sustainability assessment (Robèrt 2002)
Triggerin
g
Questions

Sustainability expert’s
statements

Matsushita’s
responses

What are
the critical
flows and
managemen
t routines
that are
currently,
and in
general,
linked to
the above
described
types of TV
services
from a full
life-cycle
perspective
?

[On dematerialization aspects]:
“…wasteful methods of
resource extraction, for
example, in mining industry,
using unnecessary large
amounts of materials in the
production of the heavy TVs.”

[On dematerialization aspects]:
“…the most effective [way to
lighten] the weight of the TV is to
lighten the weight of the cathoderay tube, and Matsushita is, in this
regard, on the top level of
competitors…”

[On substitution aspects]:
“SP I. Some non-ferrous heavy
metals in the production of TVs
(e.g. in main structure, glass,
plastics electronics) are scarce
in nature leading to high risks
of increasing concentrations in
the biosphere.”
“SP II. TVs are often
containing persistent unnatural
compounds such as antiflammables (bromine organic
compounds), and plasticizers
and other chemical additives
such as PVC.”

[On substitution aspects]:
“SP I. Plastic: We focused on Mg
[Magnesium] as a new option for
plastic and started producing on a
commercial basis from 1998. Mg is
both light and tough, which enabled
us to design more compact thanks
to the toughness.”
SP II. We have partially adopted
“FR-1” and “FR-4” containing
phosphorous compounds which
replace bromine anti-flammable
material contained in printed
circuit board.”

Could the
above
described
critical
flows and
managemen
t routines
be
developed
into a state
that could
comply
with the
SPs, and
help society
at large to
do so?

[On dematerialization aspects]:
“…recycling the materials in
the production into so pure
fractions that they can be reused on the same functional
level for new TV production.”

[On dematerialization aspects]:
“Lightening weight: Substitute
PDP (plasma display panel) or
LCD (liquid crystal display) and so
on for conventional display.”

[On substitution aspects]:
“SP II. Plastics and polymers
can be developed […] to not
require heavy metals anywhere
in the production cycle, or
persistent compounds foreign
to nature such as certain
additives in PVC and antiflammables.”
SP III. Suppliers of wood from
poorly managed forests can be
exchanged for other suppliers,
or supported to step-by-step
improvements by Matsushita.

[On substitution aspects]:
“SP I. We are aiming to replace all
plastics with metal such as Mg.”
“SP II. We are aiming to abolish
the usage of anti-flammable
materials containing bromine or
chlorine by march 2006.”
“SP. III. The meaning of “support
from Matsushita for suppliers’
improvements” is not concrete. We
won’t make any deal with suppliers,
which are regarded as inadequate
in accordance with our principles
for green purchase and
procurement.”

Sustainabilit
y expert’s
feedback
[Most of
Matsushita’s
actions are
applauded but
some alerts are
also raised]:
“SP I. …to
utilize the full
potential of
Mg, it is
essential that
the current
practices
regarding this
metal are
critically
assessed from
a
sustainability
perspective so
that critical
flows and
practices can
be corrected.”
“SP II. It is
good that antiflammables
containing
bromine are
going to be
phased out,
and that such
progress has
already started
in concrete
terms.
However, the
replacement to
phosphorous
compounds
need a
thorough
sustainability
analysis and is
at present to
be regarded as
a critical
flow.”
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Analysis of Dialogue in Template II
In table 3, we present some quotes of the sustainability expert and the client to
illustrate the dialogue and learning process brought about by template II. The
analysis of the dialogue that follows is based on table 3 and the complete
template II from the original template assessment (Robèrt 2002).
•

•

•
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In line with the overall purpose of the TSPD approach, the
sustainability expert tried both initially and in his feedback to shift the
Matsushita perspective from focusing on historic and current
improvements toward a new perspective in which the full
sustainability gap regarding material flows and management routines
was in focus. This is shown, for example, in thesustainability expert’s
feedback: “SP I. . . .to utilize the full potential of Mg, it is essential
that the current practices regarding this metal are critically assessed
from a sustainability perspective so that critical flows and practices
can be corrected.”
The sustainability perspective was clearly covered, because all
sustainability principles were considered, but the life cycle
perspective was not systematically covered. This was true both for the
sustainability expert’s statements and for the clients’ responses. This
is why the reformulated triggering questions in table 1 pinpoint three
life cycle phases that should be covered by the assessment: (1)
resource extraction, supply chain, and manufacturing; (2) distribution
and use; and (3) final disposal or reuse, recycling, or landfilling.
The focus in the sustainability expert’s statements, Matsushita’s
responses, and the sustainability expert’s feedback was, as intended,
mainly on product concept details. For example, Matsushita named
material types such as phosphorous containing antiflammables called
FR-1 and FR-4 as substitutes for bromine antiflammables. In essence,
the Matsushita responses here revolved around the socioecological
life cycle impacts of the product concept that template II was meant to
deal with.
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C (future solutions/visions)

B (current situation)

Time

Table 4. Template III excerpts from the Matsushita sustainability assessment (Robèrt 2002)
Triggering
questions

Sustainability expert’s
statements

Matsushita’s
responses

Sustainability
expert’s
feedback on B
and C

What are the
critical
aspects of the
societal
supply-flows
and
management
routines of
produced TVs
on today’s
market?

[Points out a current lack of a
coherent understanding of
sustainability among societal
stakeholders]:

[Focuses on some recently
implemented solutions to some
of the challenges the expert
brought up]:

[Some existing
measures are
applauded]:

“Recycling is not at all time
efficient in society, with too
few and too disperse recycling
plants, and without keeping
recycled fractions pure
enough to allow
reconstruction of new
products. […]
Authorities are often not clear
about the SPs, and how those
ought to guide criteria for
resource extraction,
production, materials,
products, transports and
disposal of products.”

“We recognize our
responsibility to accurately
recycle plastics which we have
used so far, and invented the
technology to recycle plastics
from the main structure of
used TV set and produce
halogen-free anti-flammable
plastics, which we succeeded
in introducing in our 2001
model.”

[Focusing on stakeholders to
promote leaner societal
support systems…]:

[Lists, again, the recently
implemented solutions from III
B, above, but no new
innovations that might bridge
the gap to sustainability]:

Could the
above
described
problems on
the market
and in society
at large be
developed
into a state
that could
support
Matsushita’s
“ultimate”
sustainability
objectives?

“…merge forces with other
companies to either
implement new possibilities
on private ground or reduce
the costs for utilizing already
existing infrastructures.”
[Influence authorities to
promote a sustainability and
life-cycle perspective, by
developing]:
“…criteria for resource
extraction, production,
materials, transports and
disposal of products that are
guided by the SPs.”

“…we have started not to use
any lead for circuit board, and
to adopt resinous materials
which do not contain antiflammable bromine and/or
chlorine materials.”
[Lists current efficiencyrelated problems]:

“A very good
example of
outreach from
Matsushita is the
offered possibility
to repair TVs.”
[Further outreach
is also encouraged:
“implementing
[…] leasing
systems, cooperate
with other
[proactive] firms
to push prices
down on
sustainable
alternatives.
[…and to make
society at large
implement actions
like]:
“…getting prices
high enough on the
depositing of scrap
and on extraction
of virgin materials
and fossil fuels”

“Regarding transports our
task is to improve efficiency in
logistics for products and to
change current transportation
methods to other methods
which have smaller impact on
the environment.”
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Analysis of Dialogue in Template III
In table 4, we present some quotes of the sustainability expert and the client to
illustrate the dialogue and learning process brought about by template III. The
analysis that follows is based on table 4 and the complete template III from
the original template assessment (Robèrt 2002).
•

•

•

In line with the overall purpose of the TSPD approach, the
sustainability expert tried both initially and in his feedback to shift the
Matsushita perspective from focusing on historic and current
improvements toward more systematically identifying and dealing
with communication aspects of a life cycle responsibility that
involves a wider range of societal stakeholders. In step B, for
example, the expert encouraged Matsushita to focus on stakeholders
to promote less resource-consuming societal support systems: “Merge
forces with other companies to either implement new possibilities on
private ground or reduce the costs for utilizing already existing
infrastructures.”
The focus in the sustainability expert’s statements and feedback was,
as intended, mainly on the possibility for the company to change
stakeholders’ preferences, as well as market conditions such as
legislation, taxes, subsidies, and other politically decided incentives
and disincentives. Matsushita’s responses show that the company still
mainly focused on the product itself and its environmental problems
and solutions.
Matsushita repeated some dematerialization and substitution measures
regarding its products as such, which belong better to template II.
This might have been due to a desire to transfer the broader and more
challenging general outreach to stakeholders into more familiar
concrete engineering issues: “We have started not to use any lead for
[the] circuit board, and to adopt resinous materials which do not
contain anti-flammable bromine and/or chlorine materials.”

Dissemination of Results From the Sustainability Assessment
At a meeting in 2002, Vice President Miki gathered 100 technical people from
the TVs area to present and discuss the results of the sustainability
assessment. Questions and answers from that session were presented at the
Matsushita Environmental Exhibition of that year. In this first loop of the
present case study, considerable consensus was reached about the main
sustainability challenges for Matsushita’s TVs. Several actions suitable to deal
with those challenges were also identified (Matsushita 2002).
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Template I—Market Desires/Needs
• Plans for wider TV service concept:
“Develop active plans to . . . offer products or services in ways
that are not confined to sell[ing] TV sets conventionally.”
•

TVs fulfilling basic human needs (e.g., in developing countries):
“Consideration should be given to the developing countries,
regarding TVs as an asset for achieving sustainable
development, also taking into account the need to curb rebound
effects from IT, and to develop active plans for its
sustainability.”

Template II—Concepts
• Increased dematerialization and recycling rates:
“[Matsushita needs to] achieve a much higher recycling rate
of TVs than is presently occurring. To improve rates, it is also
necessary to eliminate impurities from materials used in TVs.”
•

Substituting substances that are persistent and foreign to nature:
“[Matsushita needs to] conduct critical investigation of the
current activities in relation to Magnesium, before a
substitution is made to this metal. An investigation from energy
used for mining and processing to recycling, from the
standpoint of sustainability. . . . [In addition to this] all
compounds that are persistent in and foreign to nature need to
be phased out, and to that end a more rigorous analysis of
chemicals needs to be done.”

•

Long-term vision within sustainability constraints and supply chain
management guidelines:
“For the supply chain, guidelinesare necessary for sustainable
use of forest resources, strip-mining processes, and restoration
of natural systems after resource extraction [and to] define and
declare Matsushita’s long-term vision that complies with The
System Conditions of a sustainable society.”
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Template III—Extended Enterprise
• Promoting sustainability through stakeholders:
“Promote wider communication and influence the society at
large . . . [by] forming partnerships with other businesses,
universities, and governmental institutions, as well as
approaching customers.”

Some Related Events After the Sustainability Assessment
Improvements in Reporting
Matsushita Electric Group displayed the results of the assessment in its
environmental sustainability report for 2002 (Matsushita 2002) and received
the Environmental Ministry Prize for best sustainability report in Japan.6 In
2002, Matsushita also climbed on the Nikkei Shinbun (Japan’s biggest
business newspaper) ranking for sustainability reporting to position 5,
compared to position 42 in 2001. In the following years the company stayed
among the top 8, and in 2005 it reached number 1. Mr. Miki later told
representatives of TNSI (Takami 2006) that the idea of a wider societal
outreach that was suggested in the extended enterprise template was really
helpful, and, in the years that followed, Matsushita did much to educate
consumers about products with improved sustainability performance.
Matsushita has also invited TNSI to make yearly assessments of the
company’s sustainability performance (Matsushita 2003, 2004, 2005). These
assessments indicate continuous progress in several key areas, such as
strategy and vision, product development and lineup, materials and
substitution, and external communication.
Improvements “on the Ground”
Inspired by the promising results from the TSPDs on TVs and refrigerators,
Matsushita in 2003 went on to make a TSPD for its recycling plant (METEC;
Rob`ert 2003). In the same year, Matsushita launched a green procurement
initiative with ranking of chemical substances for information in product
design, aiming to reduce environmental loads (Matsushita 2003). This
measure was consistent with the recommendation from template II to
substitute substances that are persistent and foreign to nature. In line with
6

The following information was gathered from a Web site on 17May, 2006
(http://www.japanfs.org/en/newsletter/200301.html): Out of 293 entries for the Environmental
Reporting Award in fiscal years 2002, 28 reports received an award. The Grand Prix was
awarded to Matsushita (Panasonic) for its Environmental Sustainability Report 2002
(http://matsushita.co.jp/environment/en/index.html).
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recommendations from template III (to promote sustainability through its
stakeholders), Matsushita continued to encourage customers to minimize
environmental impact by raising awareness on the correct usage of products.
The company also continued to offer repair services and improved its
customer services. Also in line with template III, Matsushita in 2003
established a personnel system to “approve diversity in values and work
together to ensure safety” (Matsushita 2003, 10).
Corporate social responsibility (CSR) emphasizes the need for organizations
to consider the interests of society by taking responsibility for the impact of
their activities on stakeholders and the environment. In the early 2000s, the
international CSR movement had a breakthrough in Japan, bringing social
sustainability to the attention of top management (Takami 2006; Tojo 2007).
Many Japanese corporations, including Matsushita, started new CSR
departments to deal with these issues. Matsushita also developed something
called the Clean Procurement Declaration, which was meant to ensure
compliance with new supplier selection standards, which included social and
ecological concerns (Matsushita 2006). This was in line with the
recommendations from template II to include sustainability issues in supply
chain management guidelines. In the updated overarching sustainability
assessment that was performed in 2004, TNSI recommended that Matsushita
promote green procurement tools and expand its CSR efforts. Furthermore,
Matsushita was encouraged not only to make its TVs and other products more
effective but also to deal with the potentially increased cumulative negative
effects from larger sales volumes of the more effective and cheaper TVs
(rebound effect). Finally, TNSI suggested that Matsushita should improve its
sustainability vision and update its strategy accordingly.
In 2005, the Swedish policy on extended producer responsibility for electrical
and electronic equipment went into effect. In the same year, Matsushita
launched a design project for disassembly called 3R Eco Project and phased
out several of the substances that were targeted for substitution 1 year later by
the European Union (EU) Restrictions of Hazardous Substances in Electrical
and Electronic Equipment (RoHS) directive. This included lead, mercury,
cadmium, hexavalent chromium, and two brominated flame retardants
(Polybrominated biphenyls [PBB] Polybrominated diphenyl ethers [PBDE],
Matsushita 2006). These measures were in line with recommendations from
template II (to increase dematerialization and recycling rates and to substitute
substances that are foreign to nature). In the same year, TNSI made an
analysis of Matsushita’s climate change initiatives (Oldmark and
Wännerström 2005).

97

Ny, H. Strategic Life-Cycle Modeling and Simulation for Sustainable Product Innovation

In 2006, the final versions of several influential sustainability-related EU
directives were taking shape. These included the RoHS; the Waste Electrical
and Electronic Equipment (WEEE); and the Registration, Evaluation,
Authorization and Restriction of Chemicals (REACH). This meant that
companies, such as Matsushita, that intended to continue to do business in the
EU market had less than a year left to adapt their activities to comply with
these directives. In 2006, Matsushita made several product-related
improvements that were in line with recommendations from the template
assessment (Matsushita 2006):
•
•
•
•

•

The “new lifestyle household” concept, with resource-efficient home
appliances, was presented (template I: Widen the TV service
concept).
The recycling rate of used TVs had reached about 70% (template II:
Increase dematerialization and recycling).
The company continued to focus on substituting substances targeted
by the RoHS directive (template II: Phase out substances that are
foreign to nature).
For the first time, Matsushita executives talked about the need to
move beyond improving the efficiency of their products to also look
at measures that might deal with the increased energy needed for all
appliances sold in China and Asia (template I: Deal with rebound
effects of improved TV efficiencies).
Matsushita introduced an early quality monitoring system to
incorporate customer feedback in daily operations (template II:
Promote sustainability also through work with stakeholders).

In the same year, TNSI updated the overarching sustainability assessment of
Matsushita’s operations and also facilitated a dialogue on the new Matsushita
Green Plan for 2010 (Matsushita 2006).
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Discussion and Conclusions
We have analyzed a pilot case study in which the TSPD approach introduced
in this article was first used as the format for an expert-guided sustainability
assessment of TVs at the Matsushita Electric Group. Our findings indicate
that the TSPD approach captures overall sustainability aspects of the life cycle
of a certain product category. The TSPD approach has, in the Matsushita case,
been demonstrated to be a functional basis for dialogue about sustainabilityrelated issues within the company and thereby for facilitating sustainabilityrelated decision making later on. On the basis of the case study, we therefore
argue that the TSPD approach has the qualities we looked for in our three
research questions.

Shifting Focus From Gradual Improvements of a Selection of
Aspects in Relation to Past Environmental Performance to a
Focus on the Remaining Gap to a Sustainable Situation
The study indicates that, at least in the Matsushita case, the TSPD approach
did shift the focus of the client organization toward its sustainability gap. The
mechanisms for this were the introductory training and the oral and written
dialogues facilitated by the templates. The sustainability expert cut through
the complex sustainability challenges and led the client toward relevant
sustainability problems and solutions. The sustainability expert encouraged
Matsushita executives to widen their perspective beyond environmental
performance to also deal with social sustainability aspects and societal
stakeholders. This is exemplified in template I. Here, the sustainability expert
suggested that TVs could be used as a means to promote a sustainable society.
Matsushita team members responded that they worked hard to increase
efficiency and recycling. The sustainability expert applauded these efforts but
reminded them that there were more sustainability factors that need to be dealt
with, such as business implications in the developing world and the rebound
effect of efficiency increases. Moreover, a dialogue in template II shows how
suggested improvements in terms of dematerializations and substitutions led
to a response about replacing all plastics with metals, such as magnesium. The
sustainability expert’s feedback then urged the client to make sustainability
assessments of any potential substitute materials, including magnesium, so
that one problem was not just replaced by another.

99

Ny, H. Strategic Life-Cycle Modeling and Simulation for Sustainable Product Innovation

Facilitation of a Common Understanding Among Different
Organizational Levels of Major Sustainability Challenges and
Potential Solutions
The top management commitment to support sustainability efforts in product
development indicates that the TSPD approach indeed facilitated a
sustainability communication between top management and product
development levels. One concrete example is the resulting policy statement by
Vice President Sukeichi Miki (Matsushita 2002, 76):
“Until now, we have promoted the development of Green
Products (GP) in pursuit of environmental efficiency. As the
next step, under the concept of SuperGP, we are aiming to
create products in pursuit of sustainability.”
It is mainly templates I and III that facilitate communication between
organizational levels. The broad mindset as regards market desires and human
needs in template I makes it important both for top management and for the
innovative functions within product development departments. The same can
be said about template III—both organizational levels need to work with
societal outreach and value-chain cooperation. The dematerialization and
substitution considerations in template II are at first mainly of interest to
product developers but could also link to top management levels—for
example, when large investments are needed for certain dematerialization and
substitution measures. The initial Matsushita responses in template III,
though, were not in line with this template’s visionary perspective but rather
examples of some isolated actions that had been successful recently.
Therefore, in the feedback, the sustainability expert challenged the top
management to bring in such perspectives. Bringing the most essential
sustainability aspects to the attention of the top management would probably
also increase their willingness to allocate resources to the product
development level when there is a need for more in-depth sustainability
assessments with methods and tools such as the MSPD and/or LCA.
Other template approaches have been used successfully to enhance the
understanding of complex systems and to accelerate communication of that
understanding. For example, in the study of organizations that seek to
cultivate innovation, templates of management styles have been developed
(Chu et al. 2004). An evaluation of a cleaner production project in New
Zealand showed that two-way communications between top management and
project team members were dependent on whether concrete channels for
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having this type of communication existed (Stone 2006). Our analysis of the
template approach indicates that it could function as such a channel.

Facilitation of a Continued Dialogue With External Sustainability
Experts Identifying Improvements That Are Relevant for Strategic
Sustainable Development
It appears from the study that the TSPD approach influenced the
organization’s ability to identify product improvements relevant for strategic
sustainable development. Matsushita gained more sustainability knowledge
and a better overview of the sustainability implications of the studied product
category (TVs). The company later studied other products (its refrigerators
and its recycling plant) in the same way and developed more comprehensive
cooperation with societal stakeholders (mainly customers, but also employees,
authorities, and suppliers). Over the years that followed, Matsushita gradually
deepened its dialogue with external experts and showed progress in relation to
the sustainability requirements identified in the initial sustainability
assessments. This progress was also likely influenced by the increasing
pressure from customers and from Japanese and EU product policy legislation
(e.g., WEEE, RoHS, and REACH). Subsequent award-winning sustainability
reports and top management statements showed that Matsushita’s
sustainability reporting improved during the same time period. Matsushita’s
earlier reports were mainly focused on environmental performance
(Matsushita 2000, 2001), but the award-winning 2002 report (Matsushita
2002) that presented the results of the TSPD sustainability assessment
contained significant top management commitment to a new focus on the
wider dimensions of sustainability, and new yearly assessments have followed
(Matsushita 2003, 2004, 2005). Even though the template approach was
successful in this context, some of the observed initial misunderstandings
probably could have been avoided through more introductory training and
letting all client people involved in the assessment get this training directly
from the sustainability expert. This could reduce the total time for this type of
assessment due to a smaller need for corrective feedback. We also believe that
the new formulation of the triggering questions in table 1 will help avoid
misunderstandings.
Since the first use of the template approach at Matsushita, several new
templates and related approaches have been developed. Several technical and
sustainability-related assessment tools (including the template approach) have
been integrated in a new suggested iterative design optimization procedure
(Byggeth et al. 2007). This procedure was tested for water jet cutting
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machines and led to the identification of concrete design changes that could
reduce electricity consumption and improve cutting accuracy at maintained
cutting speed. Another application of the template approach is an assessment
approach aimed at identifying strategic capabilities of company decision
systems (Hallstedt 2008). A number of master’s theses have also used the
template approach for a range of topics, including sustainable biofuels
development (Franca et al. 2006), strategic sustainable development for clean
development mechanisms under the Kyoto Protocol (Dyer et al. 2006), and
strategic sustainable development for business incubators (Blankenship et al.
2007).
In future research, to improve the usefulness of the template approach, we
plan to further our ability to track how template suggestions are transformed
into concrete design changes and to what degree those changes help products
to progress toward sustainability. We also plan to increase the accuracy of the
assessment of the current situation (B) as well as of solutions and visions (C)
by using support tools such as systems modeling and simulation to study the
interrelationships between the mapped practices and flows under B and C,
respectively, and also to support prioritizations (D) of initial actions. This will
likely decrease the risk of omitting essential planning aspects, aid in the
discovery of more creative solutions, and increase the sharpness of strategic
choices.
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Abstract
In response to the increasingly competitive global market, there is a growing
interest in design optimization. Being able to include aspects of socioecological sustainability in product design should aid companies to both
improve current competitiveness and to identify viable long-term investment
paths and new business opportunities in the evolving sustainability-driven
market. A case study of a water jet cutting machine is used to illustrate a new
iterative optimization procedure that combines a technical assessment with a
sustainability assessment. Sustainability assessment methods/tools are first
used to identify prominent sustainability problems from present-day flows and
practices (“societal indicators”) and to generate ideas of long-term solutions
and visions. Based on this, preliminary ideas about likely desirable changes in
machine properties are obtained. Technical investigations are then performed
to assess if/how these particularly desirable changes in machine properties
could in principle be realized through changes in design variables. After that,
obtainable changes are fed back to a new and more refined sustainability
assessment to find out the societal implications of these changes. This may in
turn result in other desirable design changes, which may call for a new and
more refined technical assessment, etcetera. The experience from the case
study indicates that the suggested integrated and iterative working procedure
should be able to add information about socio-ecological impacts of product
properties and influence design criteria used in prioritisation situations during
product development.
Keywords: product development, optimization, sustainability assessment,
simulation, water jet cutting
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Introduction
Product innovation is a particularly critical intervention point for the
transformation of society towards sustainability. Overuse of resources and
socio-ecological impacts of production, distribution, use and disposal are
evidence that current methods of decision making during product innovation
are insufficient. In many cases, the majority of a product’s socio-ecological
impacts are already committed at the design phase. Being able to include
aspects of socio-ecological sustainability in product design should therefore
aid companies to improve current competitiveness as well as to identify viable
long-term investment paths and new business opportunities in the evolving
sustainability-driven market.
Several methods/tools have been proposed to integrate environmental aspects
into product development. Some examples are 'cleaner production', 'pollution
prevention', 'eco-design', 'design for (the) environment', 'design for recycling',
and 'sustainable product development' (van Weenen 1997; de Caluwe 1997;
Tischner et al. 2000). There is however, a slow progress in the actual
“greening” of products. Reasons may include limitations in time and
economic resources for an effective application of eco-design methods/tools
(Hanssen 1996; Hanssen 1999), or there may be a lack of incentives other
than the expected environmental benefit (van Hemel and Cramer 2002). In
addition to that, some of today’s eco-design tools have a rather vague
connection to the social and/or business dimension of sustainable
development (Byggeth and Hochschorner 2006). Some methods/tools have
been developed with the specific aim to bridge this gap. This includes a
Method for Sustainable Product Development (Byggeth et al. 2007b),
Strategic Life-Cycle Management (Ny et al. 2006), Templates for Sustainable
Product Development (Ny et al. submitted), and Systems Modeling within
Sustainability Constraints (Ny et al. 2005; Ny 2006).
Assessment of the technical functionality of a design proposal is another
important part of product development. This could be done through physical
testing or computer simulation. A major advantage of computer simulation is
that the number of design proposals that could be tested within a limited
frame of time and money can be significantly increased compared to physical
testing (Thomke 2003). Simulations of some technical aspects of a product are
often used to aid product design optimization. A virtual machine, for example,
has been used to investigate how particularly desirable changes in machine
tool properties could be realized through changes in design variables (Jönsson
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et al. 2005; Wall 2007). Such optimizations have, however, often a relatively
narrow focus on technical and to some degree business economic aspects. To
avoid sub-optimization, the economic perspective should be better integrated
in prioritization decisions. They should also take into account the use phase of
the product (Holmqvist and Honsberg 2006). And foremost, to our
knowledge, there is no commonly used optimization procedure that combines
life-cycle parameters from a sustainability assessment with parameters from a
technical assessment. Such a combined optimization procedure might provide
valuable support for sustainable product development.
This paper provides basic ideas for an iterative optimization procedure that
combines a technical assessment with a sustainability assessment. In this way,
it might be possible to find win-win-win situations for the company, the
customer and society as a whole and thus to avoid some trade-off situations
early on. The procedure is introduced through a case study.

Case Study - Water Jet Cutting
Case Relevance
Water jet cutting is used as a first case study, mainly due to its good basic
potential to be an effective and sustainable manufacturing technology. Some
advantages are high accuracy and flexibility, low work piece material losses
and inert and abundant main processing substances (water and sand). It is also
possible to cut in different types of material and material thicknesses.
Compared to most other cutting techniques, there is also often a lesser need
for post-operations, due to low thermal and mechanical influence on the work
piece.

Water Jet Cutting Technique
Water jet cutting is a manufacturing technique that uses the erosion power of
water and sand to shape the work piece. The basic principle is to channel
highly pressurised water through a narrow nozzle in the cutting head,
concentrating a high amount of energy in a small area and thereby creating the
cutting power. Others have described this in more detail (Summers 1995). A
typical water jet cutting machine design is shown in Figure 1.
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Figure 1. Example of a water jet cutting machine.

Case Working Procedure
The first step of an integrated assessment is to gain an initial understanding of
what conceptual designs to assess and in relation to what product design
criteria. Here, the focus is already set on water jet cutting machines – both
today and in a sustainable future. The product design was initially focused
around technical performance like cutting accuracy and speed but other
relevant objectives should be clarified through the iterative integrated
assessment.
Successively more and more refined sustainability assessments were carried
out using methods/tools like:
•
•
•

Strategic Life Cycle Management (SLCM) (Ny et al. 2006) based on
the ABCD-procedure for Backcasting from Sustainability Principles
(Broman et al. 2000; Holmberg and Robèrt 2000).
Templates for Sustainable Product Development (TSPDs) (Ny et al.
submitted).
Causal Loop Diagrams (CLDs) and resulting Reference Behaviour
Patterns (RBPs) (Senge 1990; Sterman 2000; Haraldsson 2005; Ny et
al. 2005; Ny 2006).

In parallel, more and more refined technical assessments were carried out
using methods/tools like:
•
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an analytical solution could be found through hand calculations.
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•
•

•Simulation using more detailed models that call for numerical
solutions, for example, the finite element method.
•Multi-disciplinary simulation of the complete system using a “virtual
machine” (Jönsson et al. 2005; Wall 2007).

The two simulation domains mutually influence each other, so there is need
for iterations between them (see Figure 3 and 4). Since the main purpose of
this paper is to suggest a working procedure, only some illustrative results
from the assessment of water jet cutting are presented below.
Sustainability Assessments of the Water Jet Case
Strategic Life-Cycle Management
SLCM and ABCD are methods/tools for overarching sustainability
assessments. An ABCD identifies the main potential sustainability-related
problems and principle solutions for a certain company, product or activity.
Such an assessment could be upgraded to an SLCM by more systematically
integrating a life-cycle overview, including supply-chain, manufacturing, use
and reuse, recycling or disposal. Both methods also give suggestions for how
to prioritize between potential solutions to the problems. In this study SLCM
was used to make an initial overarching strategic action plan of the water jet
cutting company and its life-cycle activities. This also gave input to a
template for sustainable product development, and other related assessment
and communication tools that are described below.
Among other things the SLCM showed that electricity use could be a concern
relative to other properties (see B-step in Table 1). This is due to the current
generation of the electricity in unsustainable energy systems. This led to
recommendations like buying electricity from renewable energy sources,
mapping out and reducing energy and material use, etc (see steps C and D in
Tables 1 and 2).
Templates for Sustainable Product Development
This is an approach to compile and communicate narrative statements from a
sustainability expert on potential sustainability problems/benefits of a studied
product concept and related principle solutions (Ny et al. 2008). This is to
trigger creativity in product development teams, and starting their
sustainability assessment from an informed position. The template approach is
particularly intended for the early stages of the product innovation process
when the design freedom is still large. In this study the template approach was
used to clarify product development consequences of the overarching
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sustainability problems/benefits and principle solutions from the SLCM
assessment of the water jet cutting company. The results of the TSPD and
SLCM were also later used as input to a Causal Loop Diagram (CLD), giving
a systems description of water jet cutting in a sustainability context.
The TSPD added to the sustainability assessment, among other things, a
concrete recommendation to focus on reducing the weight of the moving parts
in the water jet cutting machine (see template IIC in Table 3) but without
reducing its manufacturing accuracy and speed. This would reduce the energy
use for water jet cutting activities throughout the machine life-span, which
would in turn reduce the impacts of unsustainable energy systems such as
climate change. Other ways to reduce energy use were also identified such as
improved jet efficiency.
Table 1. Steps B and C of an SLCM assessment. Examples of sustainability problems and
benefits in relation to Sustainability Principle 1 (B-step) and action ideas (C-step).

ABCD
Assessment
Step
B (Current
problems/ben
e-fits)
SP 1

SP 2
SP 3
SP 4
C (Action
Ideas)
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Assembly

- Use of virgin
scarce metals in
electronics
-…
-…
-…
- Design for
disassembly and
recycling
-…
-…
-…
-…
-…

Life-Cycle Phases
Use

Waste
management

- Electricity use for
moving parts and
water pump

- Use of fossil
fuels in waste
transportation

-…
-…
-…
- Reduce material and
energy consumption
through improved
design
- Improve jet
efficiency
- Map out life-cycle
material and energy
use
-…
-…

-…
-…
-…
- More compact
machine design
would reduce
waste generation
and trucks could
be substituted by
railroad
transportation …
-…
-…
-…
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Table 2. Step D of an SLCM assessment. Examples of how action ideas from the C-step are
prioritized and planned.

Actions

- Map out life-cycle material and
energy use

Priority (time frame)
Very High

High

(yr 1)

(yr 2-5)

Medium to
Low
(yr 6+)

>>>>>>

- Reduce material and energy use
through improved design

>>>>>>>>>>>>

- Design for disassembly and
recycling

>>>>>>>>>>>>

- Improve jet efficiency

>>>>>>>>>>>>

>>>>>>>
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Conceptual design
of today’s product:

Current market desires addressed:

-

…
…

… “Cutting speed and accuracy will need to be
improved” …

Likely future stakeholder
communication
/cooperation:

…
…

…”Focus on reduced moving weight” … …”start strategic cooperation with
… “Focus on a self sufficient system with material recycling companies to
internal recycling of sand and water” …
improve purity of recycled
…
fractions”…
…
…
…

Likely conceptual design
of future product:

-

Current stakeholder
communication
/cooperation:
… “there is a lack of cooperation
,e.g., for material recycling “…

III. Extended Enterprise

B (current
problems/benefits)

Likely future market desires to address

… ”Water jet is used to cut different materials in high ...”water jet cutting uses fossil fuel based
accuracy applications like the automobile and aircraft
electricity and thereby contributes to
industries” …
increasing atmospheric CO2concentrations”
… “Waterjet is a resource efficient and relatively safe
cutting technology that helps creating a good factory
…
working environment.” …
…

II. Concepts

I. Market Desires
/Needs

TSPDs for Water Jet Cutting

Table 3. Examples of sustainability problems/benefits and action ideas resulting from TSPDs.
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C (future action ideas)
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Causal Loop Diagrams and Reference Behavior Patterns
A Causal Loop Diagram (CLD) is a method/tool that aims to clarify the causal
structure between variables of a given problem. The variables are connected
with positive and negative arrows, which denote that the target variable is
either increased or decreased by an increase in the source variable. A
Reference Behavior Pattern (RBP) intends to map out potential behavior over
time for key variables of the CLD. The system boundaries of a CLD are
largely set by the specific question that it should try to answer. This study
used an initial CLD that after some iterations was focused on investigating the
following question: What are some relations between the water jet cutting
life-cycle (and machine performance), its sustainability impacts and customer
demand for water jet cutting?
The CLD assessment resulted in a widened perspective on the driving forces
behind the sustainability impacts of water jet cutting (Figure 2). It was shown
that improved technical performance (e.g. reduced moving weight, increased
cutting accuracy and/or increased speed) could have an important role in
reducing the energy and material use of the water jet cutting life-cycle.
Related sustainability impacts and costs could also be reduced. The CLD
assessment also opened up for a later assessment of the socio-ecological
consequences of the design changes that were suggested by the technical
assessment. More sophisticated technical reasoning was also initiated. For
example, it was found that a decreased moving weight might reduce other
aspects of machine performance like cutting accuracy and speed. Reduced
accuracy could lead to an increased need for post-operations that, in turn,
could increase the energy demand of the whole manufacturing process and
also add other negative side-effects from a larger sustainability perspective.
Moreover, if a high cutting speed is not maintained the water consumption
might increase, which is negative from a sustainability perspective. Because
of these possible relationships between lightness, accuracy and speed, a
minimum requirement for accuracy and speed was set before the optimization
study (see below).
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Figure 2. Causal Loop Diagram with emphasis on how improved machine performance (e.g. reduced
moving weight) could reduce energy use and thereby indirectly both (i) increasing customer demand for
water jet cutting and (ii) decreasing CO2 emissions and its related contribution to climate change.
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Technical Assessments of the Water Jet case
Estimations and Hand Calculations
The first step in an assessment of the technical aspects of a conceptual design
might be to derive a highly simplified mathematical model for which an
analytical solution could be found through hand calculations. This study
includes, in the present case, an estimation of stresses in the structure due to
bending loads arising from normal operation of the machine. Preliminary
results indicate that a lighter and less stiff design could in principle be used
without risking structural failure.
Finite Element Calculations
A more detailed model takes the hand calculations further to include more
product components, more realistic representation of included components
and their interactions and boundary conditions. In the general case it then
often becomes difficult to describe a product simply enough to find an
analytical solution. Therefore, numerical methods, for example, the finite
element method, are frequently used. Parameter studies might also be
conducted to increase the knowledge about the studied system. In the present
case a finite element model of the machine was used in a parameter study to
sort out, for the specific design criteria, influential design parameters.
Virtual Machine Modeling and Simulation
Machine tools are mechatronic systems, i.e. multi-disciplinary products
including mechanical as well as electronic components and intelligent
computerized control systems. Design of such systems demands an overall
understanding of the behaviour of the complete system. More advanced
simulation tools are therefore needed, incorporating all relevant aspects of the
multi-disciplinary design problem. A previously developed virtual machine
concept could be used in this context (Jönsson et al. 2005). This virtual
machine includes a real control system, a hardware-in-the-loop simulator of
the machine and a virtual reality model for visualisation. It is used within a
parallel multidisciplinary design approach, simultaneously analysing the
mechanics and the control, and thereby utilising interaction effects. This
approach has been shown to be superior to the traditional sequential design
approach (Wall 2007).
The virtual machine used in this study contained several sub-models; a finite
element model simulating the flexibility of the moving mechanical parts, a
motor model, and a multi-body model of the transmission. The simulation
model was parameterized and automated. This means that the optimization
algorithm was able to influence the model by varying certain aspects of it, like
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its geometric quantities and/or material properties. Given the input from the
sustainability assessment, all major moving machine components were
identified and parameterized in the virtual machine.
Virtual Machine Optimization Study
A design optimization study needs to clarify both what the objective is and
how design parameters can be varied to achieve this objective. Then there
needs to be some algorithm that identifies which design parameter
combination that best fits the objective. The primary objective of this
optimization study, to reduce the weight of the main moving components,
came from the TSPD sustainability assessment. Two other essential machine
performance objectives, high cutting accuracy and speed (i.e. the time it takes
to cut the work piece), also need to be considered. Also these objectives have
sustainability implications, which were clarified from the CLD and the related
above discussion. Both for this reason and for ensuring traditional
competitiveness of the new alternative machine designs that were scrutinized
by this optimization study, cutting accuracy and speed where not allowed to
decrease in relation to current levels. Some key design parameters of the
mechanics and the control were then chosen as variables in the optimization
study. The design problem therefore consisted of a mixture of continuous and
discrete variables. A genetic algorithm was chosen since such have the ability
to solve problems of this type. By including both mechanical and control
system parameters simultaneously in the optimization study, the potential
trade-off between lightness and accuracy and/or speed could actually be
avoided in this case. The optimization study revealed a significant potential
for design improvements. The weight of the main moving components can be
reduced by more than 30 percent, at the same time as the cutting accuracy can
be improved by more than 60 percent at maintained cutting speed (small
increase by 2 percent).

Societal Sustainability Consequences
The above described CLD (Figure 2) could also be used to estimate societal
consequences of design changes suggested by the technical assessment. In this
case, the effect of reduced moving weight was in focus and in particular how
this would lead to lower energy use and, indirectly, lower CO2 emissions and,
in turn, less contribution to global climate change. In general, energy savings
often make both the organization’s and society’s transformation towards
sustainable energy systems easier for several reasons. Energy savings could,
for example, reduce costs and thereby enable investments in substitution to
new renewable energy sources. Since not the whole previous amount needs to
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be replaced by new energy sources (due to energy savings), the transformation
could proceed faster towards renewable and more sustainable energy sources.
If electricity use is proportional to the moving weight then it would be
possible to reduce electricity use by up to 30 percent. The power use for
electric motors driving the moving parts of an average water jet cutting
machine in normal operation is about 3 kW and it normally runs 1500 hours
per year. Furthermore, if it is assumed that the improved water jet cutting
machine replaces cutting equipment that is at least as polluting, the 1 kW of
power savings could be assumed to be a minimum net reduction. Saving 1 kW
for a machine that runs for one operating year (1500h) would translate into
1500 kWh per year. Assume that the machines are used in the United States.
The above energy savings would then (based on the mix of energy sources in
US electricity [23] and the CO2 emissions per kWh of those energy sources
[24]) translate into a CO2 emissions reduction of 315 kg per machine and
year. This quantification of energy savings (dematerialization) could then be
used in various scenarios.

Result
The water jet case shows the potentials for an integrated sustainability and
technical assessment. The working procedure is interactive and iterative in
order to finally suggest what design variables that have the most significant
socio-ecological impacts (Figure 3).

Figure 3. Gradual refinement of product design criteria through an integrated and iterative
assessment.
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The new integrated assessment procedure could be expressed in general terms
(Figure 4). Overarching sustainability assessment methods/tools, should first
scrutinize water jet cutting (and to some extent competing techniques such as
laser- plasma- and gas cutting) to identify prominent sustainability problems
from present-day flows and practices (“societal indicators”). Ideas of longterm principle solutions and visions are also generated, and then based on this
a first rough idea about likely desirable changes in machine properties is
obtained. Introductory technical investigations are then performed to assess
if/how these particularly desirable changes in machine properties could in
principle be realized through changes in design variables. Obtainable changes
are then fed back to a new and more refined sustainability assessment to find
out the societal implications of these changes. This may in turn result in other
desirable design changes, which may call for a new and more refined
technical assessment, and so on.

Figure 4. A suggested generic working procedure for an integrated and iterative sustainability
and technical assessment.
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Discussion & Conclusions
This paper suggests a working procedure for a combined sustainability and
technical assessment in order to facilitate design optimization informed by a
societal perspective. Preliminary ideas are presented through a case study of
water jet cutting. Both overarching and more detailed sustainability-related
and technical methods/tools are used iteratively to arrive at design changes
that are likely to support sustainable development of society.
The initial sustainability assessment resulted in a list of desired changes, in
particularly sustainability related product properties for water jet cutting
machines. This included the weight of the moving parts, the life-span of the
product components, the recycling system of the abrasive material and a
cleaning system for the process water. Out of these, a reduced weight of the
moving parts was introduced as an added goal in the technical optimization
study. The main reasons for focusing on this single property were that (i)
moving weight is connected to energy consumption during use and this is
currently a major contributor to sustainability problems like climate change,
(ii) the moving weight is relatively easy to change through material choices
and geometry optimization, (iii) the moving parts could also be modeled
separately from other complicated subsystems like the water jet and its
penetration of the material that is cut, and (iv) the main purpose of this paper
is to introduce some preliminary ideas for - and not to perform a full combined sustainability and technical assessment.
The technical study resulted in a theoretical potential for reducing the weight
of the main moving parts by more than 30 percent, while simultaneously
improving cutting accuracy by more than 60 percent and increasing the
manufacturing speed by two percent. Reduced weight also indirectly reduces
the need for steel and other materials that the water jet machine consists of.
This means that negative sustainability effects from those material life-cycles
could be reduced as well. Other authors have suggested a computer model for
optimizing the practical use of a water jet cutting machine (Holmqvist and
Honsberg 2006). That study suggests that it could be possible to increase the
cutting speed and thereby reduce the operating and maintenance costs by
changing operational parameters like abrasive flow rate, water pressure and
number of used cutting heads. As found in the current study, an increased
cutting speed could be beneficial also from a sustainability point of view.
Product development considers several criteria like costs, quality, ease of
maintenance, etc. It is here suggested that a necessary addition to this picture
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is the consideration of socio-ecological implications of product properties. An
integrated and iterative procedure should also be used to reach a satisfactory
solution from technical, business-economic and socio-ecological perspectives.
Furthermore, it is suggested that such sustainability-informed optimization
should be included particularly in the early phases of the product development
process. This would aid the ability to make well-informed decisions early on
and thus potentially identifying innovative solutions for the evolving
sustainability-driven market. It would also potentially avoid costly and
difficult changes later in the product development project. The experience
from the case study indicates that the suggested working procedure should be
able to add information about socio-ecological impacts of product properties
and influence design criteria used in prioritisation situations during product
development.
Future research will address how to further clarify how technical and
sustainability-related assessments could be effectively coordinated to support
prioritization in product development. Another upcoming research focus is the
prioritisation process itself. Future studies will also include other products and
methods/tools like quantified sustainability-related systems modeling and
simulation and life cycle assessments.
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An Approach to Assessing
Sustainability Integration in
Strategic Decision Systems
Hallstedt S., Ny H., Robèrt K.-H. and Broman G.

Abstract
This article aims to explore a new approach to assess and improve company
decision systems regarding general and sustainability-related communication
and decision support between senior management and product development
levels. The assessment approach was developed in theory and its applicability
was directly tested in action research in two small and medium-sized
companies and two large companies. The results were validated against
experiences made by two management consultancies. Our study indicates that
successful companies should: (i) integrate sustainability into business goals
and plans, backed up by suitable (ii) internal incentives and disincentives and
(iii) decision support tools. Our study also indicates that the new assessment
approach can be used as a template to assess the current state of sustainability
integration in company decision systems. Most of the studied companies have
continued to work with us to close the identified gaps in their decision
systems.
Keywords: strategy, decision systems, decision support system, sustainability,
sustainable development
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Introduction
Global sustainability challenges and emerging decision support
Scientists agree to an increasing degree that society is currently on a longterm unsustainable course (Meadows et al. 1972; Steffen et al. 2004;
Millennium-Ecosystem-Assessment-(MA) 2005; Gore 2006; Stern 2006;
Intergovernmental-Panel-on-Climate-Change
2007).
Companies
that
acknowledge this challenge may also see the business case in systematically
diminishing their contribution to society’s unsustainability (Holmberg and
Robèrt 2000). Companies with a strategic approach of this kind will increase
their chances to avoid sudden cost increases, to identify new market
opportunities in time, to win “talent wars”, to build community, to improve
productivity and, as an extra bonus, to improve their brand value (e.g. Willard
2005).
In response, a vast range of methods, tools and concepts have been developed,
each focusing on certain aspects of this challenge. These include
Environmental Management Systems (EMSs), Life Cycle Assessments
(LCAs), cleaner production and eco-design (de Caluwe 1997; van Weenen
1997; Tischner et al. 2000; Robèrt et al. 2002; Byggeth and Hochschorner
2006) and various kinds of ecological indicators like ecological footprinting
and Factor 10 (Schmidt-Bleek 1997). The recent emergence of Corporate
Social Responsibility (CSR) and triple bottom line reporting indicates that
companies now also have started to emphasize the social sustainability
dimension (Global-Reporting-Initiative 2006).

Complex sustainability planning challenges
The growing number of sustainability-related methods, tools and concepts has
led to a new challenge – to explain how they relate to each other and when
each should be used when planning for sustainability. Traditional corporate
forecasting planning (Montgomery and Porter 1991; Mintzberg et al. 1998)
that extrapolates current trends to arrive at a likely future has been successful
under relatively stable societal conditions when the effects of company
actions are reasonably possible to predict. A future sustainable society, on the
other hand, might be so different from the current one that it is no longer
practical or even possible to forecast towards it. The emerging backcasting
approach (Dreborg 1996; Robinson 1990; Quist and Vergragt 2006) is then
more suitable when planners first envision a case-specific desirable future
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(scenario) and then try to invent action pathways to realize that future. Still,
backcasting from scenarios have a few weaknesses: How can groups or
communities agree on relatively detailed images of the future? Technological
and cultural conditions will change and may risk proving current estimates of
future scenarios hopelessly obsolete.

Structuring with a framework for strategic sustainable
development
A unifying “Framework for Strategic Sustainable Development (FSSD)” has
been developed to find a generally applicable principled definition of
sustainability (Robèrt 1994; Holmberg et al. 1996). A principled definition as
opposed to a scenario allows open-ended and non-prescriptive co-creation
towards sustainability. A metaphor of “chess”, where winning means
complying with principles of checkmate, has been used to explain this
methodology (Robèrt 1994; Holmberg 1998; Holmberg and Robèrt 2000;
Broman et al. 2000; Robèrt 2000). Several sustainability pioneers have
already used this framework to assess how their respective methods, tools and
concepts relate to sustainability and to each other (Robèrt et al. 1997;
Holmberg et al. 1999; Rowland and Sheldon 1999; Robèrt et al. 2000; Robèrt
et al. 2002; Korhonen 2004; MacDonald 2005; Ny et al. 2006; Byggeth and
Hochschorner 2006). As a result, new product development tools and
approaches have been developed and tested in industry. This includes a
method for sustainable product development (MSPD) (Byggeth et al. 2007b),
templates for sustainable product development (TSPD) (Ny et al. 2008) and
an optimization procedure for integrated sustainability and technical
assessments (Byggeth et al. 2007a). The FSSD has also been used and
implemented by senior managers in both policy-making (Rowland and
Sheldon 1999; Cook 2004; Robèrt et al. 2004b; James and Lahti 2004;
Gordon 2004) and business (e.g. Electrolux 1994; Robèrt 1997; Anderson
1998; Nattrass 1999; Broman et al. 2000; Leadbitter 2002; Matsushita 2002;
Nattrass and Altomare 2002; Robèrt 2002a; TNSI 2002). Despite the growing
practical experiences from using the FSSD, little has yet been made to study
how this framework could help to communicate sustainability issues within
organizations, in particular between senior management and product
development levels.
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Sustainability still not sufficiently implemented
In spite of the increasing awareness of the business case for sustainability and
the growing knowledge of how to integrate sustainability into business, the
majority of companies has not yet moved on to implementation (e.g.
Strandberg 2002; Forum-for-the-Future 2003; van Marrewijk 2003). Bob
Willard (2005) has a similar standpoint and, based on several case studies in
pioneering companies, he talks about five stages of sustainability integration:
•
•
•

•

•

Pre-Compliance: ignoring sustainability and opposing related
regulations.
Compliance: obeying laws and regulations on labor, environment,
health and safety.
Beyond Compliance: recognizing the opportunity to cut costs mainly
through higher resource efficiencies and reduction of waste, leading
to both financial and ecological gains. Sustainability is still separated
from core business development.
Integrated Strategy: Sustainability is integrated in the company’s
vision and informs key business strategies to be more successful than
competitors through innovation, design, and improved financial risk
assessments. According to Willard, very few companies in the world
have yet arrived at this stage.
Purpose and Passion: This is actually not a next stage of
development for most companies but rather a special type of
companies, being originally designed to ‘help saving the world’.

How then can decision support be developed and applied to facilitate
companies moving towards the fourth integrated stage above and make
decisions that effectively bring them closer to sustainability?

Purpose

In line with the above, this article investigates what sustainabilityrelated decision support that would be suitable for different
organizational levels and for communication between them. We aim to
answer this question by developing an FSSD-based assessment
approach and testing it to identify potentials for improving decision
systems and sustainability performance in companies.
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Terminology and background methodology
Defining decision systems and decision support systems

Research on decision processes and decision support systems is interdisciplinary, including fields like business management computer
science, cognitive psychology, and product development theory. The
term ‘decision support system’ normally refers to a computer-based
software or, more specifically, to:
“interactive computer-based systems that help decisionmakers utilize data and models to solve unstructured
problems”
Sprague and Carlson 1982, p. 4
Decision support systems have also been described and classified in
several different ways. Alter (1980), for example, divides them
according to what types of generic operations they can support (e.g.
data analysis or optimization) and Power (2004) focuses on their
dominant technology component or driver (e.g. communications-driven
or data-driven). This study takes an overarching perspective on
decision systems including not only methods, tools and concepts used
in decision support systems, but also data and actors involved at
different organizational levels. Decisions about sustainability and other
long-term strategic challenges are naturally taken mainly at the senior
management level, whereas other organizational levels, such as product
development teams, hopefully are aligning their work with the strategic
direction. Senior management and product development levels, and
their interaction on sustainability-related decisions, will therefore be
studied in more detail (figure 1).
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Figure 1. Decision system in a company with focus on interactions between decision support
system, and senior management and product development levels.

Explaining the Framework for Strategic Sustainable Development
The above mentioned generic framework for planning in complex systems
constitutes a background methodology of this study. Five interdependent but
distinct levels are explored to establish their respective contents and
relationships (Robert 2000). The framework is encouraging a thorough
enough understanding of the system (1) to be able to arrive at a robust
principled definition of the goals of the planning exercise (2), which is a
prerequisite to be able to be strategic (3) when actions (4) and tools for
monitoring, coordination and decision-making (5) are selected and informed.
The framework is developed from logical deduction and is generally also
perceived as intuitive when applied for organizational sustainability planning.
It is generally referred to as the Framework for Strategic Sustainable
Development (FSSD) (Robèrt 2000; Robèrt et al. 2002). In table 1 the logics
behind this framework is explained by applying it both to individual chess
planning and sustainability planning of an organization.
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Table 1. Five Level Framework for strategic planning in complex systems – for chess and for
strategic sustainable development (SSD).
Levels of
generic
planning
framework

Chess as example

SSD as example

- for individual success in
chess

- for success of organization X within
society within the biosphere

1. System

Players, chess board, pieces
and how they are allowed to
move around the board.

An organization, within society with
stakeholders, laws, etc., within nature with
its natural laws, basic resources, etc.

2. Success

Compliance with principles
for checkmate.

Compliance with the organization’s vision
within constraints set by principles for
global socio-ecological sustainability.

3. Strategic
Guidelines

With each move, (i) strive to
strengthen your platform for
coming moves that are likely
for progress towards success
(checkmate). In doing so,
strike a reasonable balance
between
(ii) advancement speed and
direction and
(iii) being economic with the
pieces.

With each investment decision, (i) strive to
strengthen the organization’s platform for
coming investments that are likely for
progress towards its vision and compliance
with sustainability principles. In doing so,
strike a reasonable balance between (ii)
advancement speed and direction and (iii)
being economic including concerns for
return on investment.

4. Actions

Performing individual chess
moves in line with the
strategic guidelines.

Implementation of individual investment
decisions in line with the strategic
guidelines.

5. ‘Tools’

Chronometer, standardized
play patterns, statistics, etc.

Environmental management systems, ecodesign tools, indicators, life-cycle
assessments, investment calculus, etc.

The key of any planning effort is to have a clear definition of the desired
outcome – success (level 2 of the FSSD). FSSD planning uses backcasting
and starts from an imagined sustainable destination in the future in order to
explore strategies to get there (level 3). In sustainability planning the
destination could be defined by sustainability principles that should be
(Robèrt 2000; Ny 2006):
•

science-based, that is, compliant with relevant scientific knowledge
available to date
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•
•
•
•
•

necessary for sustainability, that is, failure to comply with any one of
the SPs would make sustainability impossible
sufficient for sustainability, that is, the SPs taken together should
cover all relevant aspects
general, that is, people from various societal sectors and scientific
disciplines should be able to understand and use them
concrete, that is, capable of guiding actions and problem solving, and
preferably …
distinct, that is, mutually exclusive to facilitate comprehension and
monitoring

A scientific consensus process has led to the following four sustainability
principles (Ny et al. 2006):
In the sustainable society, nature is not subject to systematically increasing …
I. concentrations of substances extracted from the Earth’s crust
II. concentrations of substances produced by society
III. degradation by physical means
and, in that society . . .
IV. people are not subject to conditions that systematically
undermine their capacity to meet their needs.

Development and Application of a New Assessment
Approach
Assessment Approach Overview
The assessment approach we suggest is based on the above described FSSD
and has two stages:
1. Inventory of current general and sustainability- orientated strategic
decision systems.
2. Assessment of the strategic capability of these decision systems –
both in general and in relation to sustainability.
The approach is based on guiding questions and was developed and tested in
two large companies and two small and medium-sized companies (SMEs).
The results were also validated against client-relationship experiences of two
management consultancies.
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Selection of case study companies
Two large companies, portraying themselves as beyond compliance according
to the classification described in the introduction, were selected. One of these
two belongs to the small group of companies that have integrated
sustainability in the strategic business planning. This company has used the
FSSD that also forms the basis for the new assessment approach in this study.
This opens up for comparisons and for investigating whether the FSSD was a
determining factor for their success. The two selected SMEs both appeared to
be at the compliance stage. This seems to be in line with another study, which
states that it is less common that SMEs work actively with environmental
issues than medium-sized and large enterprises (NUTEK 2003). In this
context it is important to point out that the studied companies were not
compared to their competitors. Rather, we were looking for the remaining gap
to sustainability for each of them. The studied companies may be leaders on
their respective markets but would still benefit from suggestions on how to
improve in relation to sustainability. The apparent differences between the
selected companies were expected to make the study more interesting - in
terms of what types of problems and solutions that could be identified. As a
complement to the deeper case studies, two management consulting
companies were added to the study as reference companies, sharing their
experience from advising a large number of companies on strategic planning
processes. One of these reference companies was focused on the FSSD and
the other on facilitating organizational learning.

About case study companies
Aura Light International AB is a medium-sized (about 120 employees) longlife lamp manufacturer with their main office and manufacturing unit located
in Karlskrona, Sweden. Their competitive edge is to design long-life variants
of standard lamps and thereby reducing the customer’s need for new lamps
and costly replacement procedures. Aura Light only produces a few of their
major lamp types in Karlskrona. They often outsource production of smaller
volume lamp types. Aura Light has been successful in reducing the mercury
content while prolonging the life of their lamps. They see this as an advantage
as they expect that the market will put an increasing focus on sustainability
requirements. The R&D manager therefore sees the importance of identifying
suitable support tools for integrating sustainability requirements in business
decisions.
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Evolator AB was at the time of the study a small (about 20 employees)
technology development company located in Karlskrona, Sweden. They
strived to adapt closely to individual customer requirements and their
specialty is compact hemming units for the manufacturing industry (mainly
for “folding” car door metal edges). Their competitive edge in relation to
traditional hemming services was that they require only half the work area and
half the cost to deliver the same hemming service. Evolator faced competition
from large tool manufacturers and given the recent publicity around climate
change the CEO realized that the future market will be sustainability-driven.
He therefore wanted to learn more about sustainability and Evolator’s
potential to use sustainability arguments for gaining competitive advantage.
Tetra Pak Carton Ambient AB was at the time of the study a sub-division
(about 700 employees) of Tetra Pak - a large multinational packaging solution
provider with a focus on aseptic white milk. Their main site is located in
Lund, Sweden but they have operations throughout the world. Tetra Pak has a
tradition of caring for the environment and they make efforts to reduce
environmental impacts both in their internal operations and along those lifecycle value chains they depend upon. This includes the packaging design
process, its life-cycle (forestry, paper industry, transportation, recycling and
energy recovery) and the packaging content life-cycle (agriculture, food
processing, transportation, and waste management). Under the current
increasing global awareness about climate change and other sustainability
issues, Tetra Pak Carton Ambient entered this project to share sustainability
knowledge with the other companies and to get a benchmark in relation to the
research front.
Hydro Polymers Ltd was at the time of the study a multinational plastics
manufacturer (about 400 employees) with a focus on polyvinyl chloride
(PVC). Their head office is located in Oslo, Norway. They have a tradition of
close cooperation with suppliers and sometimes they co-develop products. In
recent decades Non-Governmental Organizations (NGOs) and legislators have
increased their focus on the environmental impacts of PVC. This led to a
significant market pressure on the PVC industry. Hydro Polymers therefore
decided to take the initiative and launched a series of proactive measures to
regain the market’s trust. They applied the above described FSSD both to
their own business operations and recently to their whole value chain of
suppliers and clients. Hydro Polymers decided to join this project to increase
their knowledge about recent methods, tools and concepts for the integration
of sustainability aspects in strategic management and product development
and to share their sustainability knowledge and get a benchmark in relation to
the other companies.
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Indigo Management AB is a small (about 10 employees) management
consultant firm in Karlskrona, Sweden. They focus on organization
development and education for increased competitiveness and profitability,
combining tools from the field of organizational learning with concrete
strategic planning tools. They draw a lot from the excellence model of the
European Foundation for Quality Management (EFQM). Indigo Management
joined this project to share their experiences from many client companies and
to learn more about sustainability issues that have come into focus recently.
They also wanted to learn more about the FSSD as a complementing strategic
management methodology.
The Natural Step International (TNSI) is a Swedish multinational NGO
focused on facilitating knowledge and experience transfer between industry
and academia in the field of strategic sustainable development. They use the
FSSD as a strategic planning methodology. The FSSD is continuously
developed in a consensus process between researchers and consulting
professionals. TNSI was interested in taking part in this project to both share
their experiences from many client companies and to learn more about current
barriers that prevent companies from implementing changes in a sustainable
direction.

Inventory Stage
Introductory questions
We tried to ensure that we had a common language before going into the
detailed parts of the interviews. This was done to avoid later
miscommunications and misunderstandings and to ensure that the interview
subjects’ understanding of the interview questions would be cohesive. This
meant asking the interview subjects to define and give examples of how they
understand some terms that were important for the interview (questions 1 to 7
in Appendix A).
From overarching questions to main interview questions
At first, four overarching questions that cover the information and decision
pathways in a company with focus on senior management and product
development were formulated (figure 2). A fifth ‘improvement question’ was
also included in this set of overarching questions:
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1. What methods, tools and concepts are used today at senior
management level to identify and make decisions about long-term
sustainability-related challenges?
2. How do senior management level decisions influence product- and
process levels?
3. What methods, tools and concepts are used today at product- and
process levels to identify and make decisions about long-term
sustainability-related challenges?
4. How do product- and process level decisions influence the senior
management level?
5. How can decision processes be improved to manage long-term
sustainability challenges?
From this set of overarching questions, more detailed interview questions,
covering a decision system’s ability to support both general and sustainabilityrelated strategic decisions, were derived (questions 8 to 17 in Appendix A).

Figure 2. How the four first overarching questions of this study relate to interactions
between organizational levels and a company decision support system.

Control questions
The interviews were ended with three control questions that should indicate
whether the company’s strategic decision system is able to deal with their
sustainability challenges (questions 18 to 20 in Appendix A).
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Process for interviews and observations
A standard set of open interview questions were given to all participating
organizations. In addition, semi-structured interviews (e.g. Lindlof and Taylor
2002) were conducted to investigate the interviewed persons’ views in
relation to the questions. In a semi-structured interview the researchers have a
strong influence on what and how much is covered on each topic. All data,
both from the standardized questions and the interview, were used to assess
the current state of the companies’ decision systems. To decrease the risk of
subjective interpretation of the interview results the same two researchers
were always present at the interviews, data assessment and result reporting.
The researchers used the same question templates and reported the results
separately. Thereafter the report results from both researchers were compared
with each other and merged into one report result. All interviews included the
following basic steps:
•
•
•
•

Pre-interview with a key-person that was involved in the decision
processes and had inside knowledge in the company’s organization and
structure.
Interview(s) with other representatives at the company. The same set of
questions was used at all companies.
Summary of the results from the interviews.
Corrections of the results based on feedback from the persons involved at
the company.

In addition to the interviews at all studied companies, decision meetings were
observed by researchers in the two SMEs. Some suppliers to one of the larger
companies were also interviewed.

Strategic Capability Assessment Stage
In this study we merge previously presented FSSD approaches (Byggeth et al.
2007b; Ny et al. 2008) and create question templates based on all five levels
of the FSSD (table 2). Guiding questions are used to facilitate diagnosis of the
strategic capability of a company’s whole decision system – both in general
and for sustainable development. The idea has been to avoid prescriptive
guidelines and rather let an advisor and a client company answer the same
questions and thereby open up to creative dialogue and innovation within
sustainability constraints.
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Table 2. Template questions for assessing strategic capability of company decision
systems – in general and for sustainability.
Levels of
generic
assessment
framework
1. System

Template 1
Assessing company decision
system

Template 2
Assessing company decision system

- for general strategic capability

- for strategic sustainable
development capability
How does the company describe its
business idea and operations in relation
to ecological and social sustainability
and to stakeholders globally?
Advisor response: …
Company response: …

How does the company describe
its business idea and operations in
relation to key stakeholders?
Advisor response: …
Company response: …

2. Success

How, if at all, does the company
define its long-term success?
Advisor response: …
Company response: …

3. Strategic
Guidelines

4. Actions

5. ‘Tools’
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How, if at all, is global sustainability
integrated in the company’s long-term
success definition?
Advisor response: …
Company response: …

How, if at all, does the company
use overarching strategic
guidelines for planning towards
success in general?
Advisor response: …
Company response: …

How, if at all, does the company
integrate sustainability in overarching
strategic guidelines?

How, if at all, are decisions in
practice made in line with
strategic guidelines towards the
company’s long-term definition
of success?
Advisor response: …
Company response: …

How, if at all, are decisions in practice
made in line with strategic guidelines
towards the company’s long-term
definition of success?

How, if at all, are decisions
justified and monitored by
suitable methods, tools and
concepts?
Advisor response: …
Company response: …

How, if at all, are decisions justified
and monitored by suitable methods,
tools and concepts?

Advisor response: …
Company response: …

Advisor response: …
Company response: …

Advisor response: …
Company response: …
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Results from the Inventory Stage
The result from about 20 interviews and decision meeting observations in case
companies is presented below. The data is constituted by the responses to the
detailed interview questions (appendix A), here summarized and organized
along the previously mentioned five overarching questions (see also table 3).

1. Sustainability decisions at senior management level
The two larger companies had come further than the SMEs in standardizing
and implementing support for strategic decision making throughout their
organizations. For all case companies the decision support system, at the
senior management level, included business plan, budget and review tools for
competitor strengths and customer requirements. Still, with the exception of
Hydro Polymers, none of the studied companies had formalized procedures
for how to find the company´s sustainability challenges and for how to let
these inform senior management decisions. The quote below demonstrates
this typical lack of sustainability integration:
“…there is no prioritization support [for sustainability].
Sustainability is not defined. We will [still] use environmental
arguments to describe an added customer value. Senior
management does not believe that this is yet a crucial issue for
the customer as they don’t have to pay higher taxes [if they buy
less environmentally friendly products].”
Research and Development Manager, 2006

2. The influence of decisions from senior management level on
product development level
The study showed that various formal information channels (e.g. meetings and
intranet) were common ways to influence product- and process levels from
management level. In some cases the senior management’s strategic intent
was also indirectly revealed through the launch of a sequence of related
concrete activities. For example, at Evolator a decision was taken to move the
company’s traditional focus from adapting to the specific requirements of the
clients in each project to also create a standardized product portfolio. After
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that, numerous supporting decisions and actions were taken like the change of
name, selling the company to a new owner to finance the continued
production process, moving to a new building, etc. Still, Evolator did not
demonstrate the same strategic mindset for sustainability issues. Hydro
Polymers, on the other hand, differed again as they included sustainabilityrelated long-term decisions in their business plan and had an action plan with
targets and allocated resources that influenced the activities in the company at
different levels. For example, they had taken the strategic decision to engage
with suppliers and other stakeholders on sustainability and had therefore,
among other things, started an internal dialogue on the topic via workshops
(200 people – 50% of Hydro staff), DVDs, published papers and intranet.
The reference companies had experienced that the senior management level
influence on the product- and production levels is facilitated by:
• Commitment. This could be demonstrated by the setting of clear
overarching goals. For example, at Hydro Polymers senior management
had clearly defined compliance with the SPs of the FSSD as part of their
vision. Based on this, they were convinced enough to undertake certain
investments already before these could be economically justified in the
short term. One example is the phase-out of lead before competitors, even
though this decision caused practical problems at the production level
since established routines and equipment had to be changed.
• Participation. Indigo Management says that in their experience decisions
are more likely implemented if companies invite the staff to take part in
defining the desired outcome.
• Communication. Both Indigo Management and TNSI emphasized that
exchange of information and a common understanding of the same goal
facilitates effective team work and community building.

3. Sustainability decisions at product development level
In the two larger companies, evaluation tools and multi-criteria decision
support tools were used. The environmental departments at Tetra Pak, for
example, use traditional quantitative Life Cycle Assessments (LCAs) to take
ecological aspects into consideration in the decisions and evaluation processes
of product projects. All studied companies used various product development
methods and tools (e.g. Computer Aided Design (CAD), calculation tools, risk
assessments and simulation tools) to get data input for decision-making.
Customer requirements and prioritizations from the senior management were
also used. As exemplified by the quote below, it was uncommon that senior
management required that sustainability was taken into consideration in the
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product development process. Ecodesign tools, according to the experience of
the reference companies, are not commonly used in industry.
“…technical calculation software like Computer Aided
Design, Failure Mode and Effects Analysis (FMEA) are
always used before manufacturing and selling of products…”
“...there is a lack of clear management incentives to include
sustainability aspects in evaluations throughout the product
development process…”
Senior Manager, 2006

4. The influence of decisions from product development level on
senior management level
In the large companies, ideas from the product development level are spread
by the intranet and sorted by cross-functional teams. Tetra Pak had through
their Design for Environment (DfE) approach a systematic way of informing
the senior management level about ecological life-cycle consequences of
potential projects. All studied companies used informal personal discussions
with the senior management together with project meetings to distribute
information and thereby influence the senior management level. Normally the
senior management delegates detailed decisions to the product development
level. Decisions can, however, be moved back to the senior management level
based on certain criteria (such as when overall cost frames are at risk to be
exceeded). Product and environmental departments in general seemed to have
problems to communicate sustainability issues in a way that fits the
quantitative econometric support tools that senior management often use:
“Words like environment and sustainability must be broken
down into concrete categories or attributes that can be
understood, quantified and addressed…”
Senior Manager, 2007
In some cases senior management was convinced to implement sustainability
improvements only after initiatives from individuals or small groups at the
product development level in companies. An example from our study was a
large key supplier that got involved with Hydro Polymers’ supply chain
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initiative partly as a result of the personal commitment of one manager within
the supplier organization.

5. Companies’ own suggested improvements of their decision
system as inspired by the survey
The SMEs did not suggest any concrete sustainability-related improvements
of their decision processes whereas the interviewed representatives from the
larger companies and the reference companies suggested several general
improvements, including to:
•
•
•
•
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learn how to concretize the word sustainability and if possible make it
measurable.
prioritize sustainability issues at the senior management level in order to
integrate sustainability in the daily activities throughout the company.
spend more time and involve more people to discuss how to prioritize
between potential investment paths before decisions are made.
get a systematic way to balance between what is the most simple way
forward today commercially (tactics) and what is needed in the long term
(10 years or more) (strategy).
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Table 3. Answers to questions on decision support for sustainability and organizational levels
Overarching
Questions

Looking at all companies

Comparing
Large
Companies and
SMEs

Common

Uncommon

1: Senior
management
support tools for
sustainability
decisions?

-Decision support
system including
business plan, budget
and review tools.

-Hydro Polymers
had a process to
map
sustainability
problems and to
guide decisions.

2: How do
senior
management
decisions
influence the
product
development?

-Meetings and
intranet.
-Senior mgmt’s
strategic intent could
be revealed through a
sequence of related
concrete activities.

-Hydro Polymers
had
sustainability in
business plans
with targets,
actions and
resources.

3: Product
development
support tools for
sustainability
decisions?

-Product
development
methods and tools
(e.g. Computer Aided
Design (CAD) and
risk assessments).
-Customer and senior
mgmt prioritizations

-Senior mgmt
enforced
integration of
sustainability in
the product
development
process.

-The larger
companies, used
evaluation tools
and multi-criteria
decision support
tools, both in
general and for
sustainability
issues.

4: How do
product
development
decisions
influence senior
management?

-Informal discussions
with senior mgmt
and project meetings.
-Senior mgmt
delegates details to
product developers.
-Problematic to
communicate
sustainability.

-Senior mgmt
sometimes
implement
sustainability
improvements
only after
initiatives from
individuals at
lower levels.

-In the large
companies,
product
development ideas
are also spread by
the intranet and
sorted by crossfunctional teams.

5: Companies’
own suggested
improvements
of their decision
system as
inspired by the
survey?

-The SMEs did not
suggest any concrete
sustainability-related
improvements of
their decision
processes.

Other Reference
Company
Observations

-The larger
companies had
more standardized
organization-wide
support for
strategic decision
making.
-Success factors:
•
Senior mgmt
commitment
•
Staff
participation
•
Shared goalunderstanding

-Concretize
sustainability and
make it
measurable.
-Senior mgmt
should prioritize
sustainability for
company-wide
integration.

-Eco-design tools
are not commonly
used in industry.

-Use more time and
more people to
choose investment
paths.
-Balance tactical
(1yr) and strategic
(10yrs) actions.
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Results from the Strategic Capability Assessment
Stage
This is the aggregated summary of the advisors’/authors’ responses to the
template questions (table 2) when looking at all case study companies.

1. The Systems Level
How does the company describe business ideas and operations in relation
to:
a) its key stakeholders?
• All studied companies had a business idea and processes and tools for
mapping out their role in relation to their closest stakeholders
(customers, suppliers, employees, authorities).
b) the environment, social system and stakeholders globally?
• The large enterprises communicated internally their indirect impacts
on other stakeholders (e.g. third world citizens) and the environment.
This was lacking in the studied SMEs and the reference companies
had similar experiences with their clients.
• Both Hydro Polymers and Tetra Pak also had close sustainabilityfocused cooperation with key-suppliers.

2. The Success Level
How, if at all,

a) does the company define long-term success?
•
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All studied companies had defined business goals. Tetra Pak had, for
example, defined its aim and role by identifying their vision and
mission. Their vision (what they want to achieve) is to “make food
safe and available everywhere”. Their mission (what they want to do
to achieve their vision) includes for example to “work for and with
their customers to provide preferred processing and packaging
solutions for food”.
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b) is global sustainability integrated in the company’s definition of
long-term success?
•

•

A shared success definition for planning toward sustainability did
only exist at Hydro Polymers. This definition is based on the SPs of
the FSSD. Hydro Polymers had also defined and acted upon five key
challenges that followed as a consequence to their success definition
(Everard et al. 2000).
Tetra Pak had included environmental sustainability and good
corporate citizenship in their mission but not defined those terms.

3. The Strategic Guidelines Level

How, if at all, does the company use overarching strategic guidelines
for planning towards
a) success in general?
•

•

All studied companies regularly ran a planning process with focus on
traditional short-term tactical business success. This included
comparisons with competitors on brand strength, costs, product portfolio,
market share, stock value, etc.
Tetra Pak also used a strategy map with the dimensions “Financial”,
“Customer”, “Business Processes” and “Organizational Learning” to
guide daily work towards the vision and mission. Larger organizational
objectives were then broken down to individual objectives through
balanced scorecards (i.e. a tool for measuring whether the activities of a
company are meeting its financial and other objectives in terms of vision
and strategy (e.g. Kaplan and Norton 1996)).

b) sustainability?
• Hydro Polymers was unique since it used a sustainability plan as a
strategic guideline. This plan covered five years of past progress and
another five years of future commitments and had been developed
through backcasting from a future where the key sustainability-related
challenges are successfully dealt with.
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4. The Actions Level
How, if at all, are decisions and activities, whether sustainability-focused or
not, in practice made in line with strategic guidelines?
•

•

All companies could give examples of activities that were influenced by
strategic guidelines. Evolator, as previously mentioned, took a strategic
decision to create a standardized product portfolio and then allowed this
to guide several supporting decisions.
Only Hydro Polymers, where sustainability was defined at the success
level, allowed sustainability issues to inform decisions and activities. And
they have allowed this perspective to also inform their relationship with
the value chain. They have, for example, made a strategic decision to
educate the suppliers in strategic planning towards sustainability. As a
result they planned and allocated responsibility and resources for a series
of sustainability dialogue meetings with key suppliers. They explained to
the supply chain that sustainability performance will be a criterion for
making business with Hydro Polymers in the future. Some of these
suppliers also co-developed and took part in a tailor-made university
distance course (“Leading Change for a Sustainable Chemical Industry”)
with the objective of teaching change agents the FSSD and to apply it for
a more systematic transition towards sustainability in line with Hydro
Polymers’ experiences. Some of the suppliers (e.g. Rohm & Haas) have
already moved on to bringing the integration of sustainability efforts into
their own business visions, and to include their own supply chains in the
same type of dialogue as Hydro Polymers (Rohm-and-Haas 2007).

5. The ‘Tools’ Level
How, if at all, are decisions and activities, whether sustainability-focused or
not, justified and monitored by suitable methods, tools and concepts?
•
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All studied companies used methods, tools and concepts to justify and
follow up decisions. Still, sustainability issues were, in particular for the
SMEs, not systematically covered by such support. In particular, social
sustainability aspects seemed to be less understood and dealt with. Using
the FSSD perspective, social sustainability aspects can be summarized as
activities that systematically violate the fourth SP and thereby degrade the
social system. This includes abuse of power (e.g. enforced labor,
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•

•

•

undermining labor unions, non-livable wages, exploiting investments, etc)
(Robèrt et al. 2004a).
Senior management, as exemplified by a senior manager at Tetra Pak,
wanted the environmental department to concretize the term sustainability
and translate it into quantifiable units that more easily could be processed
in existing long-term prioritization support.
It was unusual among the SMEs with supporting internal policy measures
to motivate individuals to work in the desired direction. The larger
companies were again different. Both Hydro Polymers and Tetra Pak had,
for example, extensive requirements on what decisions support to use at
different levels in the company. Hydro Polymers had also initiated
internal education programs on sustainability and Tetra Pak used the
above mentioned balanced scorecard, a strategic planning and
management system, to break down the company-wide business goals to
individual goals and to track progress in relation to the goals.
Hydro Polymers also had some support tools for dealing with social
sustainability. This includes the fourth SP of the FSSD and Corporate
Social Responsibility indicators.
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Concluding Discussion
The aim of this study was to develop an approach to assess sustainability
integration in a company’s strategic decision system and, based on the results
from using this approach, to lay out some generic guidelines for how to assess
and improve such decision systems. This emerging assessment approach
could effectively differentiate companies from each other from a
sustainability perspective and identify important challenges and opportunities
as regards visions and strategic processes. Using the above described Bob
Willard scale of sustainability integration (Willard 2005), the two SMEs were
estimated to be at the “Compliance” stage, Tetra Pak at the “Beyond
Compliance” stage and Hydro Polymers at the “Integrated Strategy” stage.
We also found indications, through the reference companies and literature
studies, that very few companies in the world have reached this “Integrated
Strategy” stage (e.g. Strandberg 2002; Forum-for-the-Future 2003; van
Marrewijk 2003). We found several potential ways to improve such
sustainability integration:

Senior management should relate long-term strategic
sustainability challenges to short-term tactical business
challenges
Modern industry exists in a competitive environment where investment
“horizons” are shrinking. This means that short-term profit is prioritized at the
expense of long-term considerations. Though impacts related to
unsustainability already cost money and other resources (Balmford et al.
2002; Stern 2006) it is still not mainstream to perceive actions for sustainable
development as “strategic”. Willard (2005) suggests that lack of senior
management support is a major barrier to implementing sustainability efforts
in companies. Still, some of the studied companies were looking for practical
ways to include long-term sustainability issues in their senior management
decisions without hindering competitiveness in the short term. Hydro
Polymers stood out as one of those companies that had to a high degree
succeeded in this respect. The potential of their approach is also strengthened
by examples from other businesses like the multinational modular carpet
manufacturer Interface (Anderson 1998), IKEA and Scandic Hotels (e.g.
Nattrass 1999) and many others (e.g. Robèrt 2002a). Our study showed that
Hydro Polymer’s senior management had a systematic way of identifying key
business challenges and strategic goals in relation to a global sustainability
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definition. Concrete daily decisions throughout the company are made in line
with the key challenges and strategic goals. This demonstrates a shift in focus
from incremental improvements of current practices (tactics) to closing the
remaining gap to future sustainability (strategy). In concrete terms this
systematic approach has lead to, for example, a phase-out of lead-based PVC
stabilizers years before required by legislation (Leadbitter 2002), new
products based on recycled post-consumer PVC and active promotion of
sustainability and sustainable development to suppliers, partners and
customers (e.g. Leadbitter 2002; Hydro-Polymers 2006).

Senior management should have a systematic
incentive/disincentive and monitoring system to facilitate
implementation of sustainability measures
Our study indicates that a public statement of senior management
sustainability commitment is a good starting point. Nevertheless,
implementation is not likely to follow if senior management commitment is
not followed by integration of a defined sustainability objective into concrete
business goals, followed by general sustainability awareness education and
incentive/disincentive systems (e.g. allocation of time, money and staff).
Without allocated resources the employees would have to work with
sustainability issues in their spare time or let their prioritized jobs suffer.
Despite such unspoken incentives to maintain status quo in many companies,
some innovations and organizational transformations seem to be initiated by
visionary and committed internal change agents. As previously mentioned,
one of the key suppliers got involved with Hydro Polymers’ supply chain
initiative, partly as a result of the personal commitment of one manager within
the supplier organization.

Companies, at all organizational levels, should have a
standardized “toolbox” for sustainability-related information in
decision processes
Our study indicates, in line with management literature and our previous
experiences in using the FSSD, that a systematic approach to sustainability
integration in decision processes would require at least an institutionalized
capacity to regularly:
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•
•
•
•
•

acknowledge and understand the sustainability problem,
generate possible solutions/innovations in relation to the
understanding,
communicate between organizational levels through a common
‘language/terminology’,
evaluate and prioritize among alternative solutions and
implement prioritized solutions and follow up on their effects.

A growing number of methods, tools and concepts are evolving to address
these requirements (de Caluwe 1997; van Weenen 1997; Tischner et al. 2000;
Robèrt et al. 2002; Byggeth and Hochschorner 2006). Our study indicated
deficiencies regarding the ability to understand sustainability and its business
case, in particular regarding the social dimension, and to communicate it
between organizational levels.
The studied companies normally used similar product development tools
covering areas like modeling and simulation of design and manufacturing,
competition benchmarking, risk assessment, and quality and/or environmental
management systems. The larger companies, but not the SMEs, used
standardized support tools throughout their organizations, including, ecodesign and CSR tools. Hydro Polymers also had convincing sustainability
integration at the senior management level. Still, we could not identify a
systematic use of product development methods and tools that included a
socio-ecological sustainability perspective. In line with Lindahl (2005) we
argue that complementation of existing product development methods and
tools should be guided by senior management and not be left to the preference
of designers. This means that it is crucial for the senior management to adopt
a pro-active attitude in this matter and it is their responsibility to ensure that
appropriate training is given and that appropriate methods and tools are
actually used.
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Recommendations
Based on the results and the concluding discussion we suggest that the
systematic integration of sustainability in a company’s decision system and,
indirectly, the development of more sustainable products, should be facilitated
by:
1. An overarching supporting organizational context.
This includes at least:
(i) explicit senior management commitment,
(ii) an adopted sustainability definition,
(iii) main business challenges identified in relation to the sustainability
definition,
(iv) company-specific sustainability challenges integrated in business
goals and sufficient allocation of resources to deal with them. This
means to combine strategic backcasting planning and tactical
forecasting planning.
2. Institutionalized internal company capacity building, communication,
and economic incentives and disincentives for sustainability.
This includes at least:
(i) implementing supporting internal policy measures like general
sustainability awareness education,
(ii) organization-wide communication channels, methods and tools,
(iii) economic incentives and disincentives for development towards
sustainability.
3. Integrated company ”toolboxes”.
An integrated “toolbox” should be introduced that focuses on how to close the
gap between the present situation and long-term socio-ecological
sustainability. This means to at least cover capabilities like:
(i) identification of sustainability challenges relevant to the organization,
(ii) generation of possible solutions and innovations,
(iii) communication between organizational levels through a common
‘language/terminology’,
(iv) evaluation and prioritization among solutions according to certain
criteria, indicators and/or simulation scenarios. Methods and tools for
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investment calculus and risk assessment that integrates sustainability
aspects seem to be especially desired, and will also be part of (iii),
(v) concrete action planning for implementation of prioritized
alternatives,
(vi) continuous progress monitoring, through indicators and feedback
systems, to deal with deviations in relation to the long-term goals.

Some resulting company actions and further work
The studied companies are now working with us to close the identified gaps in
their decision systems. For example, both Aura Light and Tetra Pak use the
TSPD tool (Ny et al. 2008) on one of their main products. We have also
started to test the assessment approach presented in this paper in other
companies to verify its generic applicability and to find improvement
potentials. It could also be interesting to apply some key survey questions to a
statistically relevant number of companies so that conclusions could be made
on the general applicability of our findings from studying decision systems.
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Appendix A: Interview questions at the inventory
stage
Introductory questions to ensure relevant use of terms in the interviews
Q1. What is your interpretation of the concept ‘strategic decision’?
Q2. Could you give us an example of a strategic decision?
(How was the decision taken? Give some background to the decision, the
decision process, any support tools used, and some concrete result of the
decision implementation?)
Q3. Was this decision strategically important?
Q4. What persons/functions were involved in the decision?
Q5. When was it made obvious for all that the decision was made?
Q6. How was the decision made obvious to all?
Q7. Was this a typical decision in your company?
Main interview questions
Overview question
Q8. What are your overarching formal decision processes (including
activities like regular meetings, workshops, forums, reporting etc.) for
product-related investments, and how do you involve different:
a. organizational levels (top management, middle management and/or
operational level)
b. time perspectives (short and long-term)
c. cost and investment magnitudes
Please illustrate your answer.
Detailed questions
Q9. What decision support for strategic top management decisions exist today
in the company?
Q10. How are the above-mentioned decision support used to deal with
sustainability problems?
Q11. How are strategic top management decisions transferred to product and
production levels?
Q12. What decision support for strategic product and production decisions
exist today in the companies?
Q13. How are the above-mentioned decision support used to deal with
sustainability problems?
Q14. How are the product and production level decisions transferred to top
management level?
Q15. Who is responsible for strategic decisions at different organizational
levels (i.e. top management, product and production levels)?
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Q16. Who is responsible for sustainability-related decisions at different
organizational levels (i.e. top management, product and production levels)?
Q17. How can the decision processes be improved?
Control questions with focus on the company strategy for sustainable
development
With the previous questions in mind, taking a more long-term perspective:
Q18. What is your company’s definition of a sustainable society?
Q19. What are your main company challenges in relation to that definition?
Q20. What is your company doing at a strategic level to handle these
challenges?
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and Sverdrup, H.

Abstract
A Framework for Strategic Sustainable Development (FSSD) has previously
been developed to frame strategic planning as a stepwise approach towards a
rigorously principled definition of sustainability. Experience has shown that this
framework often suffices for the guidance of quite complex decisions. In other
cases, aspects that surface when the FSSD is applied may be interrelated in
complex webs of feedback loops and delays leading to difficulties to optimize
optional investments and routes towards sustainability. To that end, modeling
with or without numerical analyses, may be needed.
This article investigates the theory of complementing the FSSD with “systems
modeling and simulation” (SMS) tools from systems analysis, system dynamics,
agent based and discrete event modeling. We use a case – water jet cutting – to
assess the practical feasibility along the FSSD planning process. The resulting
new planning approach is named “Systems modeling and simulation within
sustainability constraints”. It frames the planning by identifying critical current
practices in relation to a principle-based goal of global socio-ecological
sustainability, long term solutions and visions, and guidelines for strategic stepby-step approaches. SMS tools are applied as needed throughout the process to
study tradeoffs and interrelationships between listed items to create more robust
and refined analyses of the problems at hand, as well as of the possible solutions
and investment paths. The result is promising in that it shows a clear way
forward for the integration of two powerful concepts of systems thinking that are
used more and more for analysis and planning in sustainable development.
Keywords: strategic sustainable development (SSD), The Natural Step (TNS),
systems science, systems analysis, systems dynamics, agent based, discrete
event, life cycle assessment (LCA), modeling, simulation, backcasting
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Introduction
The Complex Sustainability Challenge
Today’s complex global socio-ecological sustainability problems (Meadows et
al. 2004; Steffen et al. 2004; Millennium-Ecosystem-Assessment-(MA) 2005;
Stern 2006; Intergovernmental-Panel-on-Climate-Change 2007) have called for
many tools for analysis, decision support and monitoring like ecological
footprinting (Rees and Wackernagel 1994); material intensity per service unit
(MIPS) Factor 10 (Schmidt-Bleek 1997); and life-cycle assessment (LCA)
(International-Organization-for-Standardization-(ISO) 2006). Without a unifying
theory it is, however, unclear how these methods and tools can support strategic
progress towards sustainability and how they relate to each other (Robèrt et al.
2002; Ny et al. 2006).

A Strategic Planning Framework for Sustainability
A previously presented framework for planning in complex systems (Robèrt
2000) has been developed both for strategic planning in business (Nattrass 1999;
Broman et al. 2000; Everard et al. 2000; Robèrt 2002a) and municipalities
(James and Lahti 2004; Resort-Municipality-of-Whistler-(RMOW) 2007), and
for creating cohesion between various tools and concepts (Robèrt et al. 1997;
Holmberg et al. 1999; Robèrt et al. 2000; Robèrt et al. 2002; Korhonen 2004;
MacDonald 2005; Byggeth and Hochschorner 2006; Ny et al. 2006). The
framework operates at five distinct and mutually interacting levels:
1. The System. Description of overall system behavior, in this case how the
planning topic (e.g. product or organization) operates within society and
its surrounding ecosphere system. Using chess as an analogy, the
systems level contains the rules of the game.
2. Success. A principled definition of a future state that the planning
should result in. This does not prescribe certain actions but opens up to
anything that can meet the success principles. In sustainability planning
this corresponds to basic principles for sustainability and any other
desired principles of success for the planning topic. Similarly, chess has
a few principles of checkmate that can be met in numerous ways by
different constellations on the board.
3. Strategic Guidelines for how to prioritize between alternative actions to
gradually reach success, focusing on actions that are likely to move the
planning topic towards success while being affordable and serving as
logical and flexible platforms for future measures and investments.
Chess players use similar principles to prioritize between alternative
moves to take strategic steps towards checkmate.
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4. Actions. Concrete measures that comply with the strategic guidelines
for the process to reach a favorable outcome in the system. In this case
any concrete measure like implementing a recycling system or
developing a new product that can run on renewable energy. In chess,
every individual move is an action.
5. Tools. Methods and tools like sustainable development indicators,
environmental management systems and life cycle assessments that are
required to monitor the actions (level 4) to ensure they are chosen
strategically (level 3) to achieve success (level 2) in the system (level 1).
Tools for chess may include categorizations of typical and classical
games, statistics, etc.

A Process to Apply Strategic Planning for Sustainability
The practical application of the Framework for Strategic Sustainable
Development (FSSD) is facilitated by a previously presented manual called the
ABCD process (Holmberg and Robèrt 2000). The FSSD emphasizes, in line
with the business planning literature (e.g. Montgomery and Porter 1991;
Mintzberg et al. 1998), that strategic planning first of all requires enough
knowledge about the system (level 1 in the framework above) to carefully
describe success (level 2) and only thereafter levels 3-5 can be strategically
approached. The first step (A) of the ABCD therefore includes that the planning
team analyzes the planning topic within its system enough to agree on robust
principled definitions of objectives and how those relate to the FSSD’s basic
principles of global socio-ecological sustainability. Then, in step B, they use
backcasting from the principled objectives to identify significant current
problems and assets along the life-cycle of the planning topic in that context. In
step C they brainstorm and list desirable future solutions, visions and actions that
are possible within the principled constraints of success. Finally, in step D,
prioritization (using the guidelines of level 3 of the framework) is done among
the actions (level 4) to arrive at a strategic plan, and the possible need of tools
for management and monitoring is identified (level 5).
Complementing
Development

the

Framework

for

Strategic

Sustainable

When applying the FSSD in business and policy-making, the rigor of application
has largely depended on intuitive processes in creative brainstorming sessions
amongst decision makers. Sometimes robust solutions to complex questions
have been possible to deduce directly from the principles and guidelines of the
framework. At other occasions, however, optimization and prioritization
between alternative possible strategic planning routes towards success may
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require multidimensional conceptual and numerical decision support (Ny et al.
2006). Such support is here termed Systems Modeling and Simulation (SMS).
Article Purpose
In this article we use theoretical reasoning and a case study to investigate how,
under what conditions, and in what ways SMS methods could add to the FSSD.
The following research questions are in focus:
1. What SMS methods are most applicable to use in sustainability
planning?
2. What might a new sustainability planning approach look like that
integrates the FSSD with SMS?

Methods
We review SMS approaches and put them in the context of the FSSD with its
ABCD process. Deductive methods are used to identify possible needs and
methods for empowering this framework with SMS. The results are tested for
applicability and relevance in reality. We use water jet cutting, a manufacturing
technology with a reputation to have good basic potential to be effective and
sustainable, as the case. A generic sustainability plan for a typical waterjet
machine producer (WJC) is designed and then tested and applied in real data
gathering, modeling and simulation together with experts from the real waterjet
machine producer Waterjet Sweden. Finally, conclusions are validated against
their experience.

Systems Modeling and Simulation Approaches
In this article systems modeling is defined as describing how interrelated actors,
components or other variables of a system are connected at a given point in time.
Using a geographical metaphor this corresponds to the drawing of a roadmap of
a town. With systems simulation we mean to estimate the future behavior of
certain variables of a system. Similarly, this may correspond to studying how
traffic is likely to flow on the roads of the drawn map. Systems Analysis and
Dynamics (SA/SD) and Agent Based (AB) and Discrete Event (DE) are
mentioned in the literature as leading and complementing approaches to
modeling and simulation (e.g. Borshev and Filippov 2004). The first two are
continuous and focused on the dynamic interactions between variables over
time, while the latter represents the analyzed system as a discontinuous sequence
of isolated events performed on system actors. Before we enter a more detailed
analysis of different modeling approaches below, it is important to contemplate
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the assumptions on which the modeling is made, and the way those assumptions
are fully understood by individuals taking part in the modeling and making use
of the results. A related and very important aspect concerning assumptions is
whether those are transparent and brought to the table as a shared mental model,
or if they are only vaguely discussed, or even hidden. This question is neutral to
all the different ways of modeling described below. Goals could be distinct and
shared or not, collected knowledge and experience of modelers high or low, and
the scope vary from detail to more holistic attempts. These considerations are
underpinning our interest to study modeling in the context of a robust framework
for sustainability, large enough in time and space, and expressed through a clear
vocabulary to serve as a shared mental model, or language, for cohesive
cooperation.

Systems Analysis and Systems Dynamics
These approaches both study how system variables influence each other through
causal feedback relationships and affect the system behavior (Forrester 1961;
Sterman 2000). Systems Analysis (SA) uses Causal Loop Diagrams (CLDs) to
make mental or conceptual models and Reference Behavior Patterns (RBPs) to
simulate potential behavior over time for key variables of the system. With the
help of Systems Dynamics (SD), the mental model structures, developed with
SA, can then be taken one step further and be transferred into dynamic
numerical models that can be simulated in a computer (figure 1). Models and
simulations are updated through “Learning loops” (Sterman 2000) based on how
well the models are able to predict real outcomes.
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Figure 1. Modeling and Simulation Distinctions. Using Systems Analysis and Dynamics to
exemplify the distinction between conceptual and numerical support tools for Systems Modeling
and Simulation.

SA and SD are “top-down” approaches (Scholl and Phelan 2004), which look at
system behavior from an aggregated perspective and they are therefore mostly
used in long-term, strategic models. They also often make it possible to identify
leverage points for interventions in the system that can lead to significant
changes with minimal amounts of effort (Meadows 1999). Using the same town
road map metaphor, SA and SD do not aim to understand individual commuters’
behavior but attempts to understand the traffic system by modeling and
simulating the dynamics at the town level (e.g. effects of various traffic policy
interventions on the average congestion frequency in traffic).

Agent-Based Modeling and Simulation
This is a “bottom-up” approach that starts from relatively simple rules that
govern the interaction between agents as well as the interaction between an
agent and its environment. The behavior of those individual actors can then be
aggregated to show an emerging behavior of the system. This corresponds to
attempting to understand the above mentioned traffic system by modeling and
simulating how the choices and interactions between individual drivers and other
stakeholders depend on road pricing and other traffic policies. The Agent-Based
(AB) approach has its roots in modeling human social behavior and individual
decision-making (Bonabeau and Meyer 2001) and stems from the field of
complex adaptive systems which addresses “how complex behaviors arise in
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nature among myopic, autonomous agents” (Macal and North 2005). The AgentBased approach has also been suggested for use in new product development
(Garcia 2005).

Discrete-Event (Process-Centric) Modeling and Simulation
The “Process-Centric" nature of Discrete Event (DE) modeling and simulation
means that it represents the analyzed system as a sequence of isolated and
discontinuous operations: (e.g. arrival, delay, use resource, split, combine, etc.)
being performed on entities (transactions) of certain types (e.g. customers,
documents, parts, data packets, vehicles, phone calls, etc) (Cassandras 2005). In
the town road map and traffic example DE could be used to modeling and
simulating the sequence of events that commuters need to go through to get from
their homes to their workplaces.

Investigating What SMS could Bring to the FSSD
The FSSD is a framework for strategic planning in complex systems. As such,
the FSSD does not in itself contain rigorous tools for aiding understanding of the
dynamics of the systems of study. Experience shows that a well-composed group
(with representatives from various stakeholders) that knows the framework well
will, by sharing one and the same mental model for how to frame the planning,
be able to apply experience, intuition, and the collective knowledge to arrive at
strategic paths towards sustainability (Robèrt 1997; Nattrass 1999; Broman et al.
2000; Leadbitter 2002; Robèrt 2002b; James and Lahti 2004). Nevertheless, we
know from systems science that many essential system aspects are difficult to
explore with group-modeling alone, or may even be counterintuitive in such
settings (Senge 1990; Meadows 1999; Sterman 2000). Planning without
additional support at such occasions may then mean that important system
mechanisms remain hidden or incompletely described. Our hypothesis is that
this combined approach should identify relevant current problems and assets in
relation to the ABCD steps, while adding SMS tools as needed throughout the
process.
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Figure 2. Systems Modeling and Simulation (SMS) within Sustainability Constraints.
How SMS tools add to the ABCD planning process of the FSSD by modeling and
simulating, among other things, how alternative timing and strength of human activities
(e.g. Resource Use) might push key system variables (e.g. ecosystem health) towards the
future vision within sustainability constraints.

Specifically, SMS may support the FSSD:
•
•

•

At the systems level, by providing a deeper understanding of the system
of study (e.g. project or organization), including the relationships the
system has with its surroundings.
At the current and success levels, by scrutinizing the relationships
between the sustainability principles on the one hand, and aspects of the
current situation (B) as well as of proposed solutions and measures, on
the other (C).
At the strategic prioritization level (D), by helping to answer guiding
questions and thereby supporting the evaluation and prioritization on
suitable timing and strength of proposed actions. This means to identify
the smartest of some alternative investments with regard to their
feasibility to act as flexible platforms for forthcoming investments.

With the above in mind, what are potential contributions of specific SMS tools
like SD, DE, AB and LCA to the ABCD planning process of the FSSD?
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A New Integrated Planning Process
Planning Process
Planners may first get a structured overview by using the ABCD process and
when needed use SMS tools both at a mental or conceptual level (e.g. systems
analysis column in figure 1 above) and at a more detailed numerical level (e.g.
the systems dynamics column in figure 1). The workflow would be:
1. Run the iterative ABCD Planning Process. Planners first agree on the
system of study and what success in the system would entail on an
overarching and principled level including the sustainability principles
(A). Then, in that context, they identify challenges and strengths in the
current situation (B) as well as potential solutions for the future (C), and,
finally, move on to prioritization and planning (D). The process is
iterated as the plan unfolds in reality, requiring re-evaluation and new,
adapted, planning. It may be an advantage to allow some time spent on
this kind of free and explorative stage, before more sophisticated tools
of any kind are brought into play. This is to avoid risks like unnecessary
modeling if the big picture presented from the ABCD is enough to arrive
at a decision, or that some thoughts would not surface if there are
uncertainties as regards how to express them in a format that suits the
modeling.
2. Check the need for Conceptual Modeling and Simulation Support. Are
there issues or “hotspots” that seem interconnected in a fashion that is
too complex to understand or foresee only by experience and groupmodeling methods? If we are dealing with a strategic issue and if an
aggregated whole-systems overview is desirable the, SA approach
should be used. If individual actors and their histories are of particular
interest, AB is suitable. And, finally, if a case concerns mainly a
sequence of events, this points towards using DE. If no conceptual
support is needed move on to step 6.
3. Conduct the Conceptual Modeling and Simulation. Make an overview
model covering business model, physical consumption, sustainability
impacts and resulting stakeholder pressure. If necessary, zoom in on the
“hotspots” revealed from the ABCD and the overview model, identify
important related variables and estimate likely system behavior over
time.
4. Check the need for Numerical Support. Are numerical estimations of
timing and strength of problems and interventions necessary? If no, then
move on to step 6.
5. Conduct the Numerical Modeling and Simulation. Make computer
models based on the conceptual models, identify suitable indicators and
assess the effect of alternative intervention scenarios.
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6. Formulate recommendations. Complement or refine the ABCD
analysis and present a prioritized list of actions and a time plan.

Case Study Part 1: ABCD Planning for Waterjet
Cutting
A1. Exploring the Waterjet System and its Success Criteria7
The Waterjet Cutting Technique
Waterjet cutting machines (figure 3) use the erosion power of water and sand to
cut the work piece. The cutting is typically done either with water only (20%), or
with water and some additives, mostly sand abrasives (75%). Pure waterjet
cutting (only water) is typically used to cut foodstuff, rubber, fibre wool,
corrugated cardboard, plastic, fibre-reinforced plastics, fibreglass, carbon fibre,
lead and tin. Abrasive Waterjet Cutting (AWJ) (water and sand) is typically used
to cut in tougher materials such as stainless steel, tile, brass, wood, titanium,
copper, granite, and aluminium up to a thickness of about 300 mm.

Figure 3. A water jet cutting machine.

The Waterjet Cutting Market
From 2000 to 2007 the global waterjet cutting market increased from about 200
to 1000 million USD. We will focus on high quality cutting systems with higher
cutting performance and price than the market average. Of course companies
with such a focus were extra vulnerable to the rapid and drastic drop in industrial
demand that resulted from the financial crisis that erupted in late 2008.

7

This case study follows the ABCD planning process of the FSSD The assessment steps of this
first part are denoted A1, B1, C1 and D1. Coming assessment rounds will use the same sequence
but higher numbers (e.g. A2, B2, C2 and D2).
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Case Justification
Waterjet cutting seems to have a good basic potential to be an effective and
sustainable manufacturing technology. Compared to most other cutting
techniques (e.g. oxyfuel flame cutting, plasma and high definition plasma cutting
and laser cutting) waterjet cutting has high accuracy and flexibility, low work
piece material losses and inert, abundant main processing substances (mainly
water and sand) and, thanks to its cold cut, a lesser need for post-operations with
accompanying resource consumption and costs.
Studied System
In line with both FSSD and SMS practice, we first agreed upon the below
described boundaries for the studied waterjet cutting life-cycle system and how
it relates to other systems, human society (with external stakeholders) and the
ecosphere (figure 4).

Figure 4. Systems map with focus on waterjet machine production and its life cycle
phases. The map describes key material and energy flows in the context of waterjet
cutting of some materials, the “parent” Ecosphere system and the connected
Lithosphere system. Other interactions within the product life cycle and between the
product life cycle and societal stakeholders are also covered.

Success
Since the system is dependent upon “parent” systems, the definition of success
for the system being planned must inherit the principles of success (minimum
constraints) for those higher system levels. In this case, a future sustainable
Waterjet Cutting system must therefore comply with the four previously
presented sustainability principles (SPs) that establish minimum constraints for
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global socio-ecological sustainability (Holmberg and Robèrt 2000; Ny et al.
2006). This means that the Waterjet Cutting system must not contribute to:
Exposing the ecosphere to systematically increasing…
I.
…concentrations of substances extracted from the Earth’s crust
II.
…concentrations of substances produced by society
III.
…degradation by physical means
Systematic …
IV.
… undermining of people’s capacity to meet their needs

Step B1 – Benchmarking against Success
In this step we identify current strengths and challenges in relation to the
definition of success agreed upon in step A1. We have focused the assessment
below on two key topics; the product function throughout its life cycle on the
one hand, and the stakeholder perspective on the other. According to our
experience, those are short-cuts to overview and clarity in the B step of the
ABCD (Ny et al. 2008):
Current Product Function and Life-Cycle Implications
The water jet cutting machine is mainly used in industry that demands high
cutting accuracy, as, for example, the aircraft industry and the car industry.
Some of its advantages are that it can cut:
•
•
•
•

in almost any material in various thickness.
without deforming the work material (reducing the need for resource
consuming post processing).
with low total cutting costs even in small series and
a good working environment.

The main sustainability problems (SP violations) in relation to Waterjet cutting
is that it:
•
•
•
•
•
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often uses unsustainable fossil- or nuclear-based electrical energy (SPs 1
and 2)
consumes relative large amounts of water and sand (SP3)
requires significant fossil energy supply for sand transports (SP 1)
can occupy land from deposits of waste sediment (SP 3).
can emit hazardous cutting remainders through the waste sediment (SPs
1, 2)
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Current Communication and Cooperation with Stakeholders
Here we gather societal stakeholder consequences from the product concept and
how they are currently influenced. Other sustainability-related stakeholder
challenges for the waterjet companies include:
•
•

Too little value-chain co-operation on recycling (SPs 1, 2, 3 and 4).
Sub-optimized design due to insufficient pressure from sustainabilityrelated legislation and economic incentives and disincentives (SPs 1, 2,
3 and 4).

Step C1 – Creating Visions and Potential Actions
In this step we use brainstorming to identify ideas of what waterjet cutting might
look like in a sustainable society and actions and measures that can deal with
problems identified in the B-step to start closing the gap between the present
situation and the vision. We focus the assessment on the same two key topics as
in step B1:
Potential Future Product Function and Life-Cycle Implications
The following new market requirements on waterjet functions and conceptual
design are likely to evolve in the future as responses to the sustainability
challenges:
•
•
•
•
•
•
•
•
•
•

Faster cutting with preserved accuracy.
Staff Education and incentives on efficiency and sustainability.
Energy-efficient cutting beam and lighter moving parts.
Recycling of machine raw materials and cutting consumables.
Module-based machines for easier maintenance, reuse and recycling.
Safe separation of hazardous materials from the sediment.
Purification of the customers’ sediment and selling it back to them.
Magnification of research and development efforts through university
sustainability projects.
Renewable electricity (e.g. from wind, hydro, or photovoltaics).
New cutting concepts (e.g. a mobile unit for road construction).

Potential Future Communication and Cooperation with Stakeholders
The development of more sustainable product-service concepts will probably be
favored by increased prices and taxes that make it more profitable to save scarce
resources and nature’s receptive capacity. Resource efficient companies and
companies with proactive resource and emissions strategies will become leaders
in this situation. To that end, some possible measures to consider are to:

185

Ny, H. Strategic Life-Cycle Modeling and Simulation for Sustainable Product Development

•
•
•
•
•
•
•
•
•
•

Dialogue with value-chain companies on sustainability and efficiency.
Support sustainability-related tax policies.
Cooperate with experts on recycling of cutting remainders from the
sediment.
Work with experts on life-cycle optimization of machines.
Replace virgin sand with locally sourced abrasives (e.g. crushed rock).
Lease machines as part of a total function-selling offering.
Create a network of companies for a total cutting service and recycling.
Promote expanded railroads for easier waterjet machine transport.
Strengthen marketing by pushing eco-labeling of water jet cutting.
Work through Waterjet Associations to inform customers on how to deal
with waste products and how to take extra precautions when cutting in
certain problematic substances (e.g. lead).

Step D1 – Prioritize Actions
This assessment step prioritizes among the above identified sustainability
problems and solutions to arrive at some recommended action steps for waterjet
companies and their stakeholders. Actions are prioritized based on how well
they are expected to be:
1. Exploring its potential to serve as platform for forthcoming investments
captured in the C analysis, to arrive at full compliance with all
sustainability principles and other success criteria.
2. An immediate improvement in relation to one or all sustainability
principles or criteria.
3. Profitable soon enough (sufficient return on investment) to sustain the
transition process towards full compliance with all sustainability
principles and other success criteria.
The following early action steps came at the top of the prioritized actions list for
the waterjet companies:
Short Term Steps (1-2 yrs)
• Educate staff and provide incentives for efficiency and sustainability.
• Improve cutting beam efficiency and reduce weight of moving parts.
• Initiate value-chain dialogues on sustainability and efficiency.
Medium to Long Term Steps (5 yrs+)
• Buy eco-labeled electricity and recycled raw materials.
• Replace “virgin” sand with locally sourced abrasives (e.g. crushed rock).
• Offer a cutting service with guaranteed continuous operation for an
annual and low fixed fee.
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Check the Need for Support from Conceptual Systems Modeling
and Simulation
The first round of sustainability assessment resulted in the above list of
prioritized actions over five years. This is a good starting point but is it certain
that this makes the company sufficiently prepared for major sustainability
challenges like climate change and “peak oil” (Campbell 2005) that will escalate
within the next ten to fifty years? Is the list of early actions steps really complete
and are all relevant interactions between them identified? To look deeper into
these questions we continue by using systems analysis tools.

Case Study Part 2: Conceptual Systems Modeling
and Simulation
Step A2 – Overarching System and Success Description through
Causal Loop Diagrams
Here we use Causal Loop Diagrams (CLDs) to systematically organize and
potentially complement the system of study and its success definition that we
identified in step A1 above. CLDs map out causalities between system variables
through positive and negative arrows. A positive arrow denotes that a change in
one variable gives a change in the same direction on the affected variable
(positive or negative). And conversely, a negative arrow denotes that the
variables are going in opposite directions; if one increases the other will
decrease and vice versa (e.g. Sterman 2000). The key system actors in this case
include the waterjet machine producer (WJC) with its cutting customers and
stakeholders and the competing producers with their customers and the system is
the market for waterjet cutting which – like other markets – is exposed to
increasing threats from societal unsustainability.
System Description CLD
The system of study is mapped through the competitiveness of a typical waterjet
machine producer in relation to competing techniques like thermal cutting on an
increasingly sustainability-driven market. We translate this into the following
concrete question: “What are some major sustainability-related enablers and
barriers to the competitiveness of waterjet machine producers?”
The resulting CLD (figure 5) consists of three loops covering the basic profitenhancing mechanism of WJC (loop R1), the profit dampening effects from
physical consumption and costs (loop B1) and the indirect sustainability
consequences and resulting stakeholder pressures (loop B2) that also reduce
profitability. WJC & Customer Profitability represents the companies’ financial
strength and investment ability. Tax & Legislation & Stakeholder Pressure

187

Ny, H. Strategic Life-Cycle Modeling and Simulation for Sustainable Product Development

summarizes external stakeholders’ enhancing effects on WJC Life-Cycle Costs.
The profitability loop is also related to the total number of high tech cutting
devices demanded on the market in a certain year (High Tech Cutting Market)
and thereby also dampened by competing thermal cutting.

Figure 5. System Description CLD. How the competitiveness of Waterjet Cutting
producer (WJC) is strengthened by the size of its high tech cutting market and
profitability (R1) and dampened by the profitability of competing thermal cutting and
consumption (B1) and sustainability costs (B2)

Success Description CLD
In step A1 we defined the minimum constraints for success through a series of
sustainability principles that should not be violated in the system. But what
could be actively done to promote sustainability in this system? In the CLD
(figure 6) we start from the systems description CLD in figure 5 and categorize
the answers to this question under either Research and Development (R&D)
based efficiency increases in existing machine concepts (loop R2) or innovations
(loop R3) that bring about new machine concepts that are able to take market
shares from less sustainable or otherwise less efficient machines. From a
business point of view this is not trivial of course, since there is a chance for
water-jet cutting to grow even if the market for cutting at large would decline
due to increasing pressures from sustainability-concerns, financial recession, or
other reasons. The new machines concepts also have negative impacts but as
long as they are less damaging than the machines they replace the innovation
benefits (loop B3) outweigh the costs (loop R4).
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Figure 5. Success description CLD. How the competitiveness of Waterjet Cutting (WJC)
is further strengthened .by either increased efficiency through R&D efforts (R2) or
through innovation efforts (R3) that result in the replacement of less sustainable
machine types on new markets (R4).

Conclusions and Added Understanding from System and Success CLDs
The systems description CLD displays that the size of the high tech cutting
market sets an overall limit to the number of machines the company can sell and
in line with this the success description CLD emphasizes the importance to be
competitive not only from improving the efficiency of existing machine
concepts but to innovate and find new concepts that can thrive on a
sustainability-driven market. The need for such innovations is further
emphasized by the downturn on the high tech cutting market in the current
(2009) global financial crisis. The CLDs also identified an important delay from
the WJC Contribution to Socio-Ecological Sustainability Problems to the Tax &
Legislation & stakeholder responses. This is a strong argument for companies to
become proactive since they otherwise might be exposed to sudden and
unforeseen reduced competitiveness during the delay time, even though they
might have fixed their sustainability problems one by one as they appeared.
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Step B2 – Identification of Sustainability “Hot-Spots”
At this step we complement the list of sustainability violations from step B1
presented in previous section:
•
•

large amounts of fossil CO2 and other emissions due to long
transportation of sand (SPs 1 and 2).
too much focus on current sustainability problems at the expense of new
market opportunities where water-jet cutting has advantages compared
to other cutting techniques (SPs 1, 2, 3 and 4).

And, other sustainability-related stakeholder challenges for the waterjet
companies include:
•
•

That the high-tech cutting market is proportional to global GDP output
and subject to its sustainability limitations (SPs 1, 2, 3 and 4).
That the sustainability performance of waterjet cutting is restricted by
the efficiency of their cutting customers and society at large (SPs 1, 2, 3
and 4).

Step C2 – Identification of Suitable Sustainability Interventions
Here we identify some new suitable sustainability interventions for the hotspots
from B2:
•

•

Magnify the efficiency increasing effect of waterjet cutting in the
sustainability driven market at large by research to identify (i) new
market opportunities, (ii) new ways of providing cutting services as well
as machines, (iii) value-chain cooperation and
Divert a portion of the company profits to build up innovation
competence (in line with the above bullet) through cooperation with
other actors like business incubators and academia.

Step D2 – Prioritize Actions
The experiences from the CLDs, B2 and C2 led to the following updated list of
prioritized actions for the waterjet company and some new questions:
Short Term Steps (1-2 yrs)
• Divert a portion of the company profits to build up innovation
competence through cooperation with other actors like business
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incubators and academia to explore new ways of making business in the
waterjet cutting industry on a sustainability driven market.
New Questions
The issue of efficient recycling and management of materials have surfaced
several times during the assessment so far, and the CLD of A2 expanded the
scope to see the market at large, with potential repercussions of great importance
to the waterjet cutting industry. This leads to a series of new questions. What
resource flows most urgently needs to be better managed? This question will be
addressed by identifying key sustainability indicators and follow them in an
overview waterjet cutting life-cycle inventory study.

Life-Cycle Inventory Study
Indicator Selection Criteria
To be able to manage many elements in complex interrelationships, it is
important to begin with a small number of relevant and preferably pedagogical
indicators. In this first application of the new combined FSSD and SMS
methodology, we have chosen to cover some key social, ecological and
economic sustainability aspects of the waterjet life-cycle activities.
Social and Ecological Indicator Selection
To conveniently meet the indicator criteria, the social and ecological indicators
were derived from the above identified key violations of sustainability principles
(SPs) throughout the waterjet lifecycle.. This should ensure that the indicators
are relevant for sustainability and help keep their number to a minimum.
•

•

•

SP 1. One of the key SP1 violations was the transport and energy use
related emissions of carbon dioxide from non-renewable energy sources.
A standardized and easily accessible indicator would then be the Global
Warming Potential (GWP100).
SP 2. The waterjet machine is assembled from relatively few materials
and chemical processes (except for welding and painting). The cutting
operations use inert sand and water that do not react chemically to the
cut material. This means that there are not much chemical emissions in
the key production and cutting stages of the life-cycle. We have
therefore decided to not include an SP2 indicator.
SP 3. The most influential SP3 violations in the key life-cycle stages
were that the cutting process uses rare sand (with impacts at the
extraction sites) and water. These two flows were therefore selected as
SP3 indicators.
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•

SP 4. Except for the work-related risks (that still probably is lower than
for competing techniques that may cause in-door gas emissions) not
much serious SP4 violations were identified.

Economic Indicator Selection
We wanted to capture the profitability that waterjet producers and cutters get
from selling and using the machines. We then adapted some standardized
economic indicators. We therefore mapped out the producer’s costs and
revenues throughout the machine life-cycles and let that add up to the total
producer profitability (represented by their profits after taxes). Since the cutting
process is part of the customers’ production process and not their core business it
is most relevant and accessible to estimate their profitability on waterjet cutting
by their ability to keep total cutting costs down.
Data gathering
Figures for sand and water use and related GWP100 were accessed through a
simplified life-cycle inventory study for a typical South Swedish waterjet
manufacturer. It covers cradle to gate for production of a 40 kW machine with 2
cutting heads (table 1) and 1500 hours operation of the same machine (table 2).
Generic consumption and sustainability data was collected from the Ecoinvent2
life-cycle inventory database. The generalized economic data were based on
waterjet research (Öjmertz 2006), marketing studies (Öhrlings-PricewaterhouseCoopers 2003) financial reports (Water-Jet-Sweden-AB 2007, 2008) and a
dialogue with experts at Water Jet Sweden AB and the Swedish Waterjet Lab.
Life-Cycle Inventory Results
The production of a waterjet machine results in about 9 ton GWP100 (table 1)
and the use of the same machine emits 14 ton GWP100 per year (table 2). The
production figure also has to be distributed evenly over the expected economic
life-time of the machine (20 years). This means that the yearly contribution from
the production phase is about 0,5 ton. The current climate change issue speaks in
favor of that fossil CO2 emissions in a not too distant future probably will need
to approach zero for all actors and sectors in society. As long as this demand is
remembered, it is adequate to put the current CO2 emissions from the recycling
phase at zero or less due to the emissions that are avoided when it replaces
“virgin” metal production. Furthermore, recycling per se is neutral to the energy
sources we use for it, and will always save resources also in a CO2 neutral future
scenario. So, the use phase is clearly most important in relation to this indicator
and among the materials of this phase the sand and its transport from Australia
to Sweden is the dominant factor (8 tons per year).
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Table 1. Waterjet Machine (40 kW, 2 cutting heads) Cradle to Gate Life Cycle Inventory Data and Global Warming Potential
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Table 2. Waterjet Machine (40 kW, 2 cutting heads) Operation (1500 hrs) Life Cycle Inventory Data and Global Warming Potential
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Check the Need for Numerical SMS Support?
The life-cycle inventory study led to the identification of a key material – the
sand - that needs to be the focus for efficiency measures. But how could this
efficiency be achieved in practice? How soon will the interventions need to
come and how strong? Are there tradeoffs between sustainability gains and short
term economic gains? Such questions will be addressed through numerical
systems dynamics that zooms in on the sand issue.

Case Study Part 3: Numerical Systems Modeling and
Simulation
Numerical STELLA Computer Model
Model Focus
The model focuses on the above described issue of sand management and
translates this into the following question: “How could alternative sand
management strategies influence the profitability for WJC and its cutting
customers on a sustainability-driven market”.
System Boundaries and Assumptions
The sand-focused question sets an overarching model boundary. The following
assumptions have further specified the content of the model:
•

•
•
•

The WJC and its customers are treated as one company with one
combined net profit. This means that monetary transactions between
them (e.g. producer sales and aftermarket revenues) are excluded from
the model. The WJC production cost is included and spread out over the
assumed machine lifespan (20 years). The cutters revenues are excluded
since they often depend on other external factors and not so much the
small manufacturing step that waterjet cutting normally represents for
them. This means that profitability efforts in this model are focused on
cost minimization rather than profit maximization.
Sand costs are included but other costs to run the machines (salaries,
consumables other than sand, etc) are assumed to be unaffected by the
measures taken to improve sand management and are therefore excluded
All tax, legislation and other cost-enhancing stakeholder responses to
sustainability problems are aggregated into one variable- the GWP tax
rate.
The high tech cutting market and WJC’s share of it are both assumed to
be constant for the simulation period (2010 – 2030). The WJC machine
population is considered to have leveled out at 400 as the company sales
of machines just replaces those that are recycled every year (20).
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•

•

It is assumed that WJC and its competitors are exposed to the same
external events and put corresponding funds into R&D. The R&D
efforts in the model are therefore assumed to be spent on keeping up
with competitors and maintaining the same market share. This also
means that the competitors can be excluded from the model.
No inflation and no interest rates are included. This means that future
gains and losses are given the same estimated values as the current ones.

General Model Layout
The Stella computer model consists of four sub-modules (figure 6) that each
corresponds to a variable in figures 4 and 5: WJC Machines In Use (M1), WJC
Life-Cycle Contribution to Sustainability Problems (M2), Stakeholder Pressure
(M3) and WJC and WJC & Cutter Profitability (M4). Several feedback loops
have been cut and replaced by external input variables whose values are
determined by the model user depending on the specific scenario assumptions.
M4 - WJC & Cutter Profitability
Income Tax
per yr

M3 - Stakeholder Pressure

8
12

Sand Cost
per yr

3

13

~
Costs for
RnD & Innovation
per yr

1
WJC Costs
per
Machine In Use & yr

11

WJC & Cutter
Costs
per yr

7

WJC
Op Costs
per yr

CO2 Tax
per yr

6
~
Tax rate
per GWP

M2 - Contribution to Sust Problems

4
~
Cost
per ton Sand

10

Sand GWP
per yr

Sand Use
per yr

M1 - WJC Machines In Use
WJC
Machines
In Use

9

0
~

2

5

~
Sand Use per
Machine & yr

~
GWP
per ton Sand

Figure 6. Stella Model for the study of sand profitability in the waterjet cutting system. The
machines in use (M1) increases profits (M4), sand consumption and CO2 emissions (M2) and,
indirectly, CO2 taxes (M3). Sand consumption (M2) and CO2 taxes (M3) both limit profits (M4).
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Model Input Data
All model scenarios started from (and sometimes modified) a set of “steadystate” input data for a typical waterjet producer (WJC) (table 4).
Table 4. Model Input Data for a “Steady-State” Market of Waterjet Machines (400 machines)
No.
1

Variable Name
WJC Costs
per Machine In Use & yr

Value
0,170

Unit
MSEK/M/yr

Source
Financial reports (e.g.
Water-Jet-Sweden-AB
2007)
Experts at Waterjet Sweden
(Jönsson 2008)

2

Sand Use
per Machine In Use & yr

27,000

ton sand/M/yr

3

Costs for RnD
per yr

4,500

MSEK/yr

4

Cost
per ton sand

0,005

MSEK/ton sand

5

GWP
per ton sand

0,296

ton CO2 eq/ton
sand

Life cycle inventory of
waterjet cutting (table 3).

6

Tax Rate
per GWP

0,0002

MSEK/ton CO2 eq

Emissions trading sites

Waterjet marketing reports
(Öhrlings-PricewaterhouseCoopers 2003)
Experts at Waterjet Sweden
(Jönsson 2008)

Calculation Algorithm
Based on the input data (0) to (6) the model uses the following equations to
calculate the values of output variables (7) to (13):
(7)
(8)
(9)
(10)
(11)
(12)
(13)

=
=
=
=
=
=
=

(0) * (1)
0,2 * (7)
(0) * (2)
(9) * (5)
(9) * (6)
(10) * (6)
(3) + (7) + (8) + (11) + (12)

Model Development Process and Validation
The computer model is the result of an iterative development process, where the
number of variables and relationships have been gradually reduced to reach a
suitable complexity level. The models were first calibrated through initialization
in a “steady state" (simplified starting values were kept constant until the end of
the runs at 2030). This created stable model versions that controlled experiments
could be conducted on. After that, the same procedure was repeated with
realistic starting values from 2007 for a waterjet machine production life-cycle.
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Given that the number of machines is assumed to be constant throughout all
scenarios, the 2007 data are consistently used as start values for all scenarios.

Scenario Descriptions
For the purpose of this study, focusing on the development of a combined FSSD
and SMS methodology, and applying it in a first survey on water-jet cutting, we
have chosen to include only two scenarios – one baseline scenario where
external factors and stakeholder responses are involved and one scenario where
strategic WJC interventions have been added.
Scenario 1. The “Baseline” Case. No WJC interventions
Sustainability problems are assumed to increase steadily and be increasingly
internalized into the economic system. This is reflected in a hundredfold rise in
the aggregated GWP tax rate from the year 2013 to 2030 (from 200 to 20000
SEK/ton CO2)8.
Scenario 2. The “Better” Case. Proactive WJC Interventions.
The GWP tax rate increases exactly as in scenario 1 but here the company
introduces two interventions:
•
•

8

From 2016 to 2020 a targeted project doubles the R&D spending and
permanently reduces the sand use per machine and year from 27 to 20
tons.
From 2018 to 2020 the sand carbon footprint is significantly reduced
(from 0,3 to 0,027 ton CO2/ton sand) by substituting the Australian sand
for locally sourced alternatives. In order to ensure comparable quality
this unfortunately also means that the sand costs increases from 5000 to
7000 SEK/ton sand.

In early 2009 a ton of CO2 emissions was worth about 100 SEK on the emissions trading
markets.
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Scenario Results
In scenario 1 (figure 7), the increasing sustainability-related stakeholder
pressures (GWP tax rate) translates into almost doubled costs for waterjet
producers and their cutting customers (from 110 to 177 MSEK/yr). In scenario 2
(figure 8), the initial efficiency intervention manages to dampen both the cost
increases and the sustainability problems but it is not until the second
intervention that they manage to break the trend and the total costs are reduced
and level out close to the start level (111 MSEK/yr). At the same time the
sustainability problems are significantly reduced as a result of the interventions.
When the new abrasive solution is brought in the sand related carbon dioxide
emissions are reduced from 3240 to 216 ton CO2 eq/yr and the sand
consumption from 10800 to 8000 ton sand/yr. In other words, early
dematerializations (e.g. the efficiency project) could pay for more costly later
substitutions (e.g. the new abrasives project) and simultaneously significantly
reduce sustainability problems. The optimal timing of these and other
interventions are of course also influenced by uncertain external factors. What is
for example the likely combined demand for cutting from a receding traditional
industry and a growing sustainability-focused manufacturing industry? This and
other questions are likely subjects of further simulation studies.
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Figure 7. Results from Scenario 1 - the “Baseline” Case. How increasing GWP tax rates influence
sand and carbon efficiency, sustainability problems and profitability.
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Figure 8. Results from Scenario 2 - the “Better” Case. How WJC interventions could add to the
influences on sand and carbon efficiency, sustainability problems and profitability.
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Overall Case Study Recommendations
The aggregated results from the traditional ABCD assessment and the
supporting conceptual and numerical SMS led to following list of prioritized
action steps:
Medium Term Steps (2-5 yrs)
• Use efficiency gains to pay for eco-labeled electricity and recycled raw
materials.
• Divert a portion of the company profits to build up innovation
competence through cooperation with other actors like business
incubators and academia to explore new ways of making business in the
waterjet cutting industry on a sustainability driven market.
When Resource Constraints and/or very harsh Climate Policies hit (5-15 yrs)
• Move away from virgin sand to locally sourced abrasives (e.g. crushed
rock) and/or do a similar sustainability analyses as in this study on
alternative abrasives.
• Invent a separation system in the machine so sand and water can be
reused internally or recycled.
• Design for recyclability and use less damaging raw materials.
• Move towards selling cutting services rather than just machines. This
could include advanced operators manuals and training on efficiency
and sustainability, a special deal on eco-labeled electricity, spare parts
and software and hardware upgrades and a complete maintenance, waste
management and recycling solution.
The waterjet industry could get more leverage in marketing and sustainability
improvement by become aware of system wide benefits from proactive actions
and should use this when approaching stakeholders to work together towards
sustainability.

202

Paper E - Systems Modeling and Simulation within Sustainability Constraints

Discussion
Theoretical Considerations
On the one hand, Systems Modeling and Simulation (SMS) are often attempted
for analyses and planning in sustainable development. Outside the realm of a
robust principled definition of sustainability, and generic and logical guidelines
to approach such principles, there is a risk that even experienced modelers may
miss essential aspects, or make priorities that do not take the scope of
sustainability, nor the strategic step-by-step elements, into full account. The
Framework for Strategic Sustainable Development (FSSD) then provides a way
to complement the methodology. The framework for strategic sustainable
development (FSSD) on the other hand, has previously been shown to be
theoretically robust, as well as directly applicable for real-life planning at senior
management as well as product development levels, also in relatively complex
matters. However, sometimes experience of the FSSD and collective knowledge
do not suffice alone to identify all aspects and their relationships clearly. A
demand for expanded analyses, including numerical modeling and simulation,
evolves. SMS offers a solution.
This article is a theoretical study that searches for how to complement the FSSD
with SMS. We have identified some conditions for how three overarching SMS
fields – Systems Analysis and Dynamics (SA and SD), Agent Based (AB) and
Discrete Event (DE) - could complement the FSSD planning process (ABCD).
SMS tools can be applied as needed throughout the ABCD process to study
tradeoffs and interrelationships between listed items in order to create more
robust and refined analyses of the problem at hand, as well as of the possible
solutions and investment paths. In this way only those scenarios that are likely to
ultimately end up within the overall frame of a future sustainable society are
considered.

Practical Considerations
We have tested the proposed integration in a concrete waterjet cutting
sustainability planning case . The case study shows that the combined theoretical
strengths of FSSD and SMS can be demonstrated also in practice. The
conceptual modeling facilitated a more consistent success description that added
new items to the lists of relevant problems and solutions. In the process we have
developed an approach to select result indicators based on the sustainability
principles of the FSSD. The indicator input data for the simulations was also
gathered through a life-cycle inventory study, thereby identifying a way to bring
such static snap-shot system descriptions into a dynamic systems modeling and
simulation exercise. The numerical computer scenarios zoomed in on an
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identified key sustainability “hot-spot” – how to efficiently manage the sand
component of the cutting process. It was found that the sustainability impacts of
this have been underestimated to date since not all relevant parts of the cutting
life-cycle have been systematically studied. In line with the experiences in the
field of innovation (Thomke 2003), the sustainability impacts were found to
decrease most quickly and affordably if the company first focuses on improved
efficiency and only thereafter goes for more innovative changes in their
operations. They should move towards locally sourced abrasives, rather than the
current sand solution that depends on ecosystem-problematic sourcing as well as
carbon-heavy transports from Australia throughout the world. The company
experts stated that by taking part in the modeling and simulation process they got
new perspectives on their own system and how alternative decisions could
influence system behavior over time (Jönsson 2008). They also expressed an
interest to take part in the further development of the resulting generic waterjet
cutting simulation model.

Further Work
The authors’ primary working area, as well as the examples in this text,
primarily point toward using systems modeling and simulation within
sustainability constraints in the area of product-service development and
innovation. Nevertheless, as with each of the individual tools that have been
suggested for integration, this planning approach is intended to be generic
enough to be applicable in a variety of planning endeavors. We expect future
research along those lines to provide new and more precise conclusions as
regards efficient pathways towards sustainability in a number of different
industrial settings, as well as to help us improve the integrated methodology.
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Many specific methods and tools have been developed to deal with sustainability problems. However,
without a unifying theory it is unclear how these
relate to each other and how they can be used strategically.A Framework for Strategic Sustainable Development (FSSD) is being developed to cover this
need for clarity and structure. It includes backcasting from a principled definition of sustainability as a
key feature. The aim of this thesis is to study how
this framework can guide the use and improvement
of detailed methods and tools, in particular to support sustainable product innovation (SPI).
First, a new strategic life-cycle management approach is presented, in which the selection of aspects to be considered are not based on typical
down-stream impact categories, but on identified
major violations of sustainability principles. Ideas
of how this approach can inform various specific
methods and tools are also presented, as a basis
for an integrated “toolbox” for SPI. As part of such,
a new “template” approach for sustainable product
development (TSPD) is developed through a sustainability assessment case study of TVs. That study
indicates that this approach can create a quick
and strategically relevant overview of critical sustainability aspects of a product, as well as facilitate
communication between top management, product developers and external stakeholders. Based
on such an assessment, it is sometimes necessary
to go deeper into details, including the use of specific engineering methods and tools. To facilitate a

coordinated assessment of sustainability aspects
and technical aspects, an introductory procedure
for sustainability-driven design optimization is suggested trough a water jet cutting case study. Equally
important, to get a breakthrough for SPI, it is essential to integrate sustainability aspects into the
overall decision-making process at different levels in
companies. An approach to assessing sustainability
integration in strategic decision systems is therefore also developed through a case study involving
several companies. Finally, the integration between
the FSSD and general systems modeling and simulation (SMS) is discussed and tested in another water
jet cutting case study. It is shown feasible to start
with the FSSD to create lists of critical flows and
practices, ideas of long term solutions and visions,
and a first rough idea about prioritized early investments. After that, SMS can be applied to study the
interrelationships between the listed items, in order
to create more robust and refined analyses of the
problems at hand, possible solutions and investment
paths, while constantly coupling back to the sustainability principles and guidelines of the FSSD.
This research shows that the combination of the
FSSD with detailed methods and tools cohesively
provides decision-makers with both a robust overview and, when needed, a more coordinated and
effective detailed support.To utilize its full potential,
this approach should now be integrated into decision processes, software and manuals for SPI.
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