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Abstract
Both the ecological and social system are systematically degrading, resulting
in decreasing capacities to support human civilization. Product development
and manufacturing companies play a key role in driving society’s transition
towards a sustainable path. Besides moral arguments, the motivation for
companies can be expressed as a matter of smart risk management, i.e.
avoiding threats and exploiting opportunities. Such sustainability risks can
be related to, for example, brand and reputation, legislative change, or
attracting top-talented employees. But, more importantly, it is about
understanding changes that are inevitable on markets to come. Based on
Maxwell’s interactive qualitative research approach and following the
structure of the Design Research Methodology, this thesis aims to contribute
(i) to knowledge by increasing the conceptual understanding of what
sustainability risks are; and (ii) to practice by researching decision-support
for how sustainability risks can be managed in a product development
company context.
The first study reviewed existing literature and identified characteristics of
sustainability risks, which make them particularly difficult to manage. A
following exploratory and descriptive study investigated companies’ current
risk management practices and preconditions for sustainability integration.
It showed that the effects of uncertainty from the sustainability transition
need to be identified, assessed, and managed in relation to how they can
affect objectives anchored in both internal and external stakeholder value
creation. In parallel, the Framework for Strategic Sustainable Development
was applied as a lens to understand the implications of the sustainability
transition for company risk management. This resulted in a new definition,
stating that sustainability risks are threats and opportunities that are due to
an organization’s contribution or counteraction to society’s transition
towards strategic sustainable development. A questionnaire study then
investigated some case companies’ challenges and preconditions to build
sustainability capabilities. Finally, a workshop method is proposed that aims
to support design teams in early sustainable product development.
Future research will leverage on the findings to develop and test decision
support for how product development companies can manage sustainability
risks on different organizational levels in practice to increase
competitiveness, while taking leadership in the transition towards a
sustainable society.
Keywords: corporate sustainability, product innovation process,
sustainability transition, sustainable design, sustainable product development
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1 Introduction

1

Introduction

Since the industrial revolution and especially since the end of the Second
World War, there has been an unprecedented acceleration of the pace of
development. This includes increases in economic activities, individual
income, and agricultural output (Brown et al., 2002). However, rising living
standards in combination with population growth have been accompanied
by an also accelerating, systematic degradation of the ecological and social
systems’ capacity to support human society. Symptoms such as biodiversity
loss, climate change, inequality, and the erosion of trust show the urgent
need to make development sustainable (Broman and Robèrt, 2017; Steffen et
al., 2004). However, this so-called sustainability challenge is complex and
requires systemic change (Draper, 2013).
Product development and manufacturing companies, in particular large
ones, are the cause of a major share of the negative environmental and social
impacts. At the same time, it is these companies that play a key role in
turning development to a more sustainable path, as they have resources,
technology, global reach, and a strong influence on shaping peoples’
behaviours and mental models (Benn et al., 2018). Business leaders also start
recognizing the self-benefit of sustainability proactivity in terms of, for
example, improved reputation, being ahead of legislation, and attracting
top-talented and motivated employees (Willard, 2012). However, despite a
large number of mechanisms and tools that aim to support companies in
integrating a sustainability perspective in decision-making, for example
environmental management systems, sustainable design tools, and ecolabelling, considerable challenges remain. Many of these challenges have
their roots in an insufficient understanding of the mutual relationship
between company activities and wider societal change at a macro level, or in
other words, how to align company strategy and actions with the long-term
societal vision of sustainability (Gaziulusoy et al., 2013). This results in
difficulties to clarify the motivation and business rationale of increased
sustainability capabilities, the translation of strategic commitment into
action on the operational level, and the balancing between short-term
profitability and long-term competitiveness (Schulte and Hallstedt, 2017).
Risk management has been pointed out as a key area of research to overcome
some of these challenges (Paulson, 2018; Zetterlund et al., 2016). At the same
time, numerous examples have shown how environmental and social risks
can affect companies to an existential level (Anderson, 2005). Still, many
companies see the transition towards sustainability and the changes that it
requires as too large of a risk and fail to recognize that inaction might be an
even larger risk (Short et al., 2012).
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Despite the increasing recognition of the potential of a risk perspective for
addressing sustainability issues, it remains largely unclear what exactly
sustainability risks are, how they affect companies, and how they can be
managed in practice.

1.1

Aim and Research Questions

The overall aim of this research is to investigate if and how a risk
management lens is useful to understand and strategically address
sustainability-related challenges, thereby providing decision-support for
product development companies. More specifically, the objective is to
provide answers to the research questions (RQs) below. The relationship
between the appended papers, the RQs, and the contribution to knowledge
and practice is outlined in Figure 1.
1.

If and how is a risk management lens useful to understand and
strategically guide company decision-making in the sustainability
transition?

2.

How can a strategic sustainability perspective be integrated into risk
management at product development and manufacturing companies?
a. What are the characteristics of sustainability risks, which make them
difficult to manage?
b. What are preconditions, challenges and opportunities for
sustainability integration in risk management on the strategic,
tactical, and operational levels at product development and
manufacturing companies?

2

1 Introduction

RQ1: Understanding Sustainability Risks
Paper A

Current State of Research,
Challenges and Characteristics
of Sustainability Risks

RQ2: Sustainability Risk Management in Practice
Paper C
Challenges, Preconditions, and
Recommendations on how to
Build Capabilities for Sustainable
Product Development

Paper B
Hypotheses on Preconditions for
Sustainability Integration in Risk
Management at Product
Development Companies

Future Research
Prescriptive Research (including
testing) on Developing DecisionSupport for Sustainability Risk
Management.

Paper B

Paper D

Application of a FSSD* Lens: Risk
Management within the
Sustainability Transition

Workshop Approach for Early
Sustainable Product
Development

*Framework for Strategic Sustainable Development

Figure 1. Overview of the relationship between the appended papers, RQs, and
main contributions.

1.2

Outline

The following Chapter 2 presents the background to the studied field and
introduces key concepts. Chapter 3 then describes the methodology that was
applied to search for answers to the RQs. After that, summaries of the
appended papers are provided in Chapter 4. Finally, Chapter 5 states the
main conclusions in relation to the RQs, elaborates on the contribution of
this thesis, and outlines directions for future research.
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2
2.1

Background
Sustainability and Sustainable Development

An awareness of environmental problems, originating from human
practices, and resulting potential threats for society, existed as early as in the
ancient Egyptian, Mesopotamian, Greek and Roman civilizations (Du Pisani,
2006). The term “sustainability”, however in its German form
“Nachhaltigkeit”, first appeared in the book Sylvicultura Oeconomica by
Hans Carl von Carlowitz in 1713. Based on the extensive dependence on, as
well as exploitation of, forest resources at the time, Carlowitz described a
sustainable use, maintaining a balance between old trees to be harvested and
young trees to replace them. This more than 300 years old idea of
sustainability bears strong resemblance to the current use of the term to
describe “the quality of being able to continue over a [long] period of time”
(Cambridge Dictionary, n.d.).
Rooted in the realization that the Enlightenment promise of progress as the
linear and continuous improvement of the human condition is a myth, and
the accelerating destruction of the environment that accompanied scientific
and technological progress, sustainability considerations again received
wide-spread attention in the second half of the 20th century (Von Wright,
1997). Political leaders as well as the general public got increasingly
concerned about environmental degradation, in part due to publications like
Silent Spring (Carson, 1962) and The Limits to Growth (Meadows et al., 1972),
and the formation of the first environmental non-governmental
organizations, Friends of the Earth and Greenpeace in 1969 and 1971
respectively. The paradigm of sustainable development then got popularized
in conjunction with the publication of the report Our Common Future, also
called Brundtland report, by the World Commission on Environment and
Development. It defined sustainable development as “development that
meets the needs of the present without compromising the ability of future
generations to meet their own needs” (WCED, 1987). That such a
development is desirable in the first place is a normative stance, which
cannot be derived through science (Broman and Robèrt, 2017). However,
science can support systematic leadership towards sustainability and the
area of sustainability science has grown rapidly during the past decades, both
in relation to the theoretical foundations and the practical application of that
knowledge (Broman et al., 2017).
Even though often used interchangeably, sustainability and sustainable
development are inherently different. Sustainability refers to the ideal
dynamic state with the capacity to continue over a long time, while
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sustainable development refers to the path or process to achieve
sustainability (Lozano, 2008). Getting there requires a transition, i.e. “a long
term process—it may take one or more generations—of non-linear social
change leading to new constellations of actors, structures and practices,
which determine the functioning of the system” (Loorbach et al., 2010).
A rich variety of perspectives, also called paradigms or worldviews, in
relation to sustainability and sustainable development exists (Stead and
Stead, 1994). On one end of the spectrum is the Promethean, neoclassical
perspective that considers limits to growth to be distant or non-existent and
believes that free markets and technology can overcome all issues in relation
to degradation of the social and environmental systems (Hopwood et al.,
2005). This view is usually based on a pluralistic understanding of
humankind and nature as two separate entities, where humanity dominates
and has the right to exploit nature. It applies what is sometimes referred to
as a weak sustainability perspective, which assumes that natural and
manufactured capital are interchangeable, or that money can substitute any
degradation or loss of nature (Gowdy, 2005; Solow, 1974). The neoclassical
and weak sustainability perspective is currently the norm among businesses
(Robinson and Boulle, 2012). On the other end of the spectrum, so-called
strong sustainability holds that human-made capital cannot replace, but
only complement the multitude of processes in nature, which are vital for
human existence, such as the water cycle or the ozone layer (Daly, 1990;
Hopwood et al., 2005). Deep ecology goes even further and argues that
nature and non-human species have intrinsic value and rights (Naess, 1989).
Dependent on what worldview one adopts, opinions on what kind of change
that is necessary to achieve sustainability vary from (i) maintaining the
status quo with only minor adjustments; (ii) extensive reform of markets and
political systems; to (iii) radical transformation, including a fundamental
rethinking of the relationship between humanity and nature and the idea of
growth (Hopwood et al., 2005). Considering the proportions of the
sustainability challenge and the urgency for change, this thesis takes the
stance that it is a radical transformation of society and its sub-systems that
is necessary (Gaziulusoy and Brezet, 2015).

2.2 Corporate Sustainability
Companies’ perspectives and responses in relation to the sustainability
challenge have co-evolved over time and vary between different parts of the
world. Key steps in this evolution are (i) a passive approach, characterized
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by the slogan “dilution is the solution”; (ii) a reactive approach, characterized
by end-of-pipe solutions and environmental issues being considered as a
cost; (iii) a preventive approach, characterized by pollution prevention,
cleaner production, and environmental aspects slowly getting recognized as
potential competitive advantages; (iv) a proactive approach, characterized
by the improvement of products through the application of a life-cycle
management perspective; and, finally (v) a systemic approach, characterized
by systems thinking, embracing complexity, the embedding of sustainability
initiatives into company strategy. These phases can be related to the six
levels of response to sustainability issues described by Benn et al. (2018), i.e.,
rejection, non-responsiveness, compliance, efficiency, strategic proactivity
and the sustaining (transformed) corporation. However, all of these stages
are still represented by contemporary companies and despite a wide range
of initiatives that aim to support companies in their transition towards more
sustainable practices, few have so far adopted a systemic approach (Lozano,
2012). Multiple concepts that aim to relate sustainable development to a
corporate context exist, for example, Corporate Social Responsibility (CSR)
(Carroll, 1999), or Corporate Citizenship (CC) (Carroll, 1998). Another
popular approach is the Triple Bottom Line, which is based on the thought
of “simultaneous pursuit of economic prosperity, environmental quality, and
social equity” (Elkington, 1997). A holistic understanding of sustainability,
however, requires the combination of such an integrational perspective with
an inter-generational, i.e. time, perspective. This results in a view on
sustainability as Two Tiered Sustainability Equilibria, where economic, social,
and environmental issues interact with each other and through time
(Lozano, 2008). Such a holistic perspective is adopted by the more recently
introduced concept Corporate Sustainability (CS) (Lozano, 2012).

2.3

The Framework for Strategic Sustainable
Development

The previous sections highlighted the need for a transition and system
innovation for sustainability. Transition studies also argue that addressing
symptoms rather than the underlying root causes results in a lock-in and
further emerging problems (Grin et al., 2010). Hence, a systems perspective
and transdisciplinary efforts are crucial. But how can the application of a
systems perspective be facilitated? And from a company perspective, how
can it be assessed which actions that are strategic stepping stones on the way
towards sustainability and which solutions that may later turn out to be
costly dead ends? The Framework for Strategic Sustainable Development
(FSSD) was designed in a way to (i) provide guidance on how to take strategic

7

Jesko Schulte
Sustainability Risk Management in Product Development Companies
– Motivating Change

action within the complexity of the sustainability transition; and (ii) relate
the myriad of unsustainability-related impacts in social and ecological
systems to a few comprehensive mechanisms of destruction, up-stream in
cause-effect chains (Broman and Robèrt, 2017). It is because of this design
that the FSSD was chosen as a central framework for this thesis.
Human society wants to move towards a sustainable state and, ideally,
society would like to do so through a series of smart steps, rather than
through blind trial and error, which includes the risk of fatal missteps.
Correspondingly, companies would prefer to assess which solutions that are
smart stepping stones on the way towards sustainability and which solutions
that may later turn out to be costly dead ends. In other words, a strategic
perspective is both desirable and necessary. In order to be able to be strategic
– in any context – one must know what the desired outcome is. This is also
true in the case of planning for sustainability. There has to be some vision of
how a sustainable future state looks like to be able to orchestrate change that
strategically leads towards it. This is the essence of backasting, i.e. starting
with the end in mind and asking what steps that are necessary to get there
over time from the current situation (Dreborg, 1996). However, as described
in the beginning of this chapter, there is a multitude of views and definitions
of sustainability. What is required, though, is a definition that is neither too
vague, so it would not provide guidance in practice, nor too specific, so
people would not be able to agree upon it and it would not become obsolete
in the face of new technology development. This resulted in the idea of a
science- and principle-based definition of sustainability, which has been
developed and refined for more than 25 years through a consensus building
and peer-review process. The current phrasing of the resulting so-called
sustainability principles (SPs) is as follows (Broman and Robèrt, 2017):
“In a sustainable society, nature is not subject to systematically increasing...
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1.

...concentrations of substances extracted from the Earth’s crust. This
means limited extraction and safeguarding so that concentrations of
lithospheric substances do not increase systematically in the
atmosphere, the oceans, the soil or other parts of nature; e.g. fossil
carbon and metals;

2.

...concentrations of substances produced by society. This means
conscious molecular design, limited production and safeguarding so
that concentrations of societally produced molecules and nuclides
do not increase systematically in the atmosphere, the oceans, the
soil or other parts of nature; e.g. NOx and CFCs;

2 Background

3.

...degradation by physical means. This means that the area, thickness
and quality of soils, the availability of fresh water, the biodiversity,
and other aspects of biological productivity and resilience, are not
systematically deteriorated by mismanagement, displacement or
other forms of physical manipulation; e.g. over- harvesting of forests
and over-fishing;

and people are not subject to structural obstacles to...
4.

...health. This means that people are not exposed to social
conditions that systematically undermine their possibilities to avoid
injury and illness; physically, mentally or emotionally; e.g. by
dangerous working conditions or insufficient rest from work;

5.

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

6.

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

7.

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

8.

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

These principles represent the root-causes of unsustainability. Phenomena
such as climate change, biodiversity loss, eco-toxicity, etc., are symptoms
that result from the violation of the principles. Therefore, the SPs can be
used as boundary conditions of a vision to do backcasting from and guide
the sustainable re-design of society, organizations, products, components,
etc.
Besides backcasting from basic principles for sustainability, the FSSD also
includes an interconnected five-level framework as a structure: (i) an
understanding of the overarching system, i.e., human society within the
biosphere; (ii) a definition of success in that system, i.e., the aforementioned
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SPs; (iii) strategic guidelines for how to move towards success; (iv) actions to
accomplish the change; and (v) tools to facilitate the actions (ibid.).
The FSSD has been previously applied and proven useful in a variety of
contexts (e.g. Borén et al., 2017; Bratt, 2014; França et al., 2017), including in
the area of sustainable product development (e.g. Gould et al., 2017;
Hallstedt, 2017; Hallstedt et al., 2013).

2.4 Sustainable Product Development
Sustainability is a systems property. Hence, companies or products cannot
be sustainable in themselves. They can only be part of, or contribute to, a
sustainable system (Gaziulusoy, 2015). However, product development plays
a key role for the sustainability transition, since “the new elements of the new
socio-technical systems and cultural meanings associated with these [macro
level] will be ideated and realized through design and innovation efforts
[micro-level]” (Gaziulusoy and Brezet, 2015). More specifically, product
development is essential for system innovation for the following reasons
(Gaziulusoy, 2015; Gaziulusoy et al., 2013):
−
−

−

−

It is the key business function of companies to create value by providing
products;
Design activities involve both the operational, tactical, and strategic
level of companies, which is where the necessary business
transformation must happen over time;
It is where new technologies, products, markets, and business models
are envisioned and developed, and where a large share of their
characteristics is determined;
It is where the social meaning of products starts to form.

In this thesis, the term “product” is used in its widest sense and includes not
only physical end-user products, but also services, product-service systems,
and larger artifacts such as infrastructure. Product development and product
design are used interchangeably and refer to a part of the product innovation
process, namely from product planning, which in turn consists out of policy
formulation and idea finding, to strict development (Roozenburg and Eekels,
1995). Especially the early phases, when ideas are generated and concepts are
selected, play a decisive role for a product’s sustainability impact across its
life-cycle. It is in these phases that decisions are made that to a large degree
determine the following phases’ direction, and, in the end, the product’s
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functionality and interaction within the larger system (McAloone and Tan,
2005).
Sustainable product development is when a strategic sustainability
perspective (as explained in the previous section) is integrated and
implemented into the early phases of the product innovation process,
including life-cycle thinking (Hallstedt and Isaksson, 2017). For this to
happen, changes in, for example, processes and support tools are required
across all levels of decision-making, i.e. the strategic, tactical, and
operational level. The strategic level is about long-term decision-making
primarily by top managers, including the definition of corporate strategic
goals. The tactical level is concerned with the management of the corporate
material and immaterial resources, as well as with the development of a
roadmap, based on the strategic goals. It also includes the alignment of
specific targets of lower-level departments with the strategy. The operational
level includes the specific procedures and processes on the lowest levels of
the organizational hierarchy, for example all concrete innovation and design
activities (Bertoni, 2017). Even though a variety of concepts, methods, and
support tools exists for including environmental and to some degree social
aspects in decision-making, the uptake by practitioners remains a challenge
(Pigosso et al., 2015).

2.5

Sustainability Risk Management

The essence of risk management can be summarized with the following
quote by Plato: “The problem with the future is that more things might happen
than will happen”. In other words, everything that concerns the future is
subject to uncertainty, which is also true for change, i.e. the continuous
process of moving from the current state to an uncertain future state. Risk is
a subset of uncertainty, namely the “effect of uncertainty on objectives” (ISO,
2018). As this effect can be both negative and positive, risk includes threats
as well as opportunities. The main points of assessment of risks are the
likelihood of an event and the consequences if the event happens. Since
there are objectives on all organizational levels of a company, the effective
management of risk is central to all company activities, ranging from highlevel strategy, over project management, to product development and
manufacturing. Some of the main benefits of effective risk management are
improved stakeholder confidence and trust, resource allocation, loss
prevention, organizational learning, compliance, and organizational
resilience (ISO, 2009).
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But what does sustainability have to do with company risk management?
Anderson (2005) described numerous examples of how environmental and
social issues can affect companies to an existential level: in 1995, Shell Oil
saw its retail sales in Germany and other European countries fall by 30%
within one week, as a result of a Greenpeace boycott campaign. The reason
for the campaign was Shell Oil’s plans to dispose the offshore oil platform
Brent Spar in a deep ocean trench. In another case in 2002, 35 institutional
investors with combined assets of over $4 500 billion, sent a survey to the
Fortune 500 companies, asking them to disclose what the financial impact
of climate change risks will be on their businesses. In 2003, Maine became
the first US state to pass a law demanding specific reductions of greenhouse
gas emissions across the economy. The same year, Monsanto and Solutia
agreed to a $700 million settlement to be paid to 20 000 Alabama residents
for damages resulting from PCB contamination, caused by the two
companies. A few years later, DuPont agreed to a $340 million settlement for
contaminating drinking water with the persistent chemical
perfluorooctanoic acid (PFOA) that had been used in their production of
Teflon for years. In 2004, Morgan Stanley and Boeing settled for over $50
million each in discrimination law suits brought by their female employees.
In the meantime, other companies, e.g. 3M, IBM, and Electrolux, exploited
sustainability related opportunities and anticipated market changes,
resulting in substantial competitive advantage and financial gains (Robèrt,
2002; Willard, 2012).
The main potential of integrating a sustainability perspective in risk
management lies in the creation of relatedness, which is a key ingredient for
motivation (Ryan and Deci, 2000), by providing a link between the societal
sustainability challenge on the one hand and company objectives and
employees’ working tasks on the other hand. Thereby, it can be the driver
and enabler that gets the necessary transformation of a company started
(Lueneburger and Goleman, 2010; Poulikidou et al., 2014). Griffiths and
Petrick (2001) further highlighted the importance of processes that allow
companies to rapidly respond to sustainability opportunities and threats (i.e.
risks) in a way that ensures short-term profitability but leads the company
towards sustainability. Risk management is also widely used in companies
and framing sustainability issues in line with such familiar and wellunderstood approaches may ease the adoption of a sustainability perspective
in practice (Gaziulusoy et al., 2013). Furthermore, it naturally includes the
temporal dimension, which is important for a holistic understanding of
sustainability (see also Section 2.2).
Since it increasingly is a radical and transformative change that is required
to solve the sustainability challenge in time, the uncertainty and risks of the
sustainability transition will become more and more profound. In contrast
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to traditional risk management, when it comes to sustainability risks,
concepts as well as tools are less established or even absent. Sustainability
risks were previously defined as risks that result from environmental or
social justice issues (Anderson, 2006 in Palousis et al., 2008). Even though
appealing due to its simplicity, this definition tells little about the dynamic
interaction between company practices on the micro-level and the societal
transition on the macro-level.
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Research Methodology

The research design represents the logic and coherence of the research
study. Design is the underlying scheme and arrangement of elements that
governs functioning, developing, or unfolding. (Maxwell, 2005). To work
towards answers to the research questions presented in Section 1.1, an
interactive qualitative research approach (Maxwell, 2005) was applied,
guided by the structure of the Design Research Methodology (DRM)
(Blessing and Chakrabarti, 2009).

3.1

An Interactive Qualitative Research Approach

The reason for choosing a qualitative research approach is due to the
strengths that it derives from its inductive nature, its focus on specific
situations, and its focus on words rather than numbers (Maxwell, 2005).
More specifically, the strengths of a qualitative approach fit well with the
goals of this thesis, see Table 1.
Table 1. Match between goals that qualitative research is especially suited for and the
goals of this thesis.
Goals that qualitative
research is especially suited
for (Maxwell, 2005)

Intellectual Goals

Understanding meaning
through an interpretative
approach

Understanding the
particular context within
which participants act,
and the influence of that
context on their actions.
Identifying unanticipated
phenomena and
influences and
developing theories
about them.

Fit with thesis goals
The practitioners’ perspectives, attitudes, and
perceptions
are
central,
both
for
understanding the current situation and for
developing support that is useful in practice.
Also, what sustainability risks are, is to a large
degree a matter of perception.
To achieve this thesis’ goals, an in-depth
understanding of the unique contexts in which
sustainability risks need to be managed is
necessary, e.g. in relation to existing risk
management processes, information flows
between different organizational levels, etc.
Since sustainability risk management is not an
established topic, the inherent flexibility and
openness of qualitative research was crucial for
not limiting the scope of the studies too early.

Table 1 continues on the next page.
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Table 1 continued.

Practical Goals

Understanding the
process by which events
and actions take place.
Generating results that
are understandable and
experientially credible.
Engaging in collaborative
or action research with
practitioners.

This thesis focuses on understanding how risk
management is done and how a sustainability
perspective could be integrated, rather than on
the outcomes of such processes.
Since the goal is not only to understand, but
also to change practice, the results must be
understandable, credible, accessible, and
relevant for practitioners.
It is the practitioners that are need owners, but
that also possess knowledge and experience
that is a key ingredient to achieving the goals
of this research.

Maxwell (2005) presented an interactive qualitative research approach, in
which any part of the research design is continuously reconsidered and
adjusted in response to new developments or changes in other parts of the
design. Hence, the research design is a highly iterative, non-linear, reflexive
process that is constantly ongoing. The proposed model has a definite
structure with five elements, but it emphasizes the interconnectivity and
flexibility (with some limits) in the relationships between the elements, see
Figure 2. It is worth emphasizing that although not included explicitly, there
are many more things that affect the different parts of the design, such as
ethical aspects. The five elements and how they were dealt with throughout
this thesis work, are further explained in the following paragraphs.

Figure 2. The interactive research design model. Based on Maxwell (2005).
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Goals
Even though the model is non-linear and interactive, it is the goals that come
closest to being the starting point of the research design. This is because they
represent the motivation, the why of the study. Hence, the goals are decisive
for ensuring that the study is worth doing and for guiding the other design
decisions.
Kates (2016) describes what he calls “sustainability science” as
transdisciplinary, use-inspired research that seeks to link knowledge with
action on the practical problems of sustainability, and that develops theories
and models of interactions between natural and social systems. Three out of
the seven core questions for sustainability science that Kates (ibid.) lists are:
−

“What shapes the long term trends and transitions that provide the
major directions for this century?

−

How can society most effectively guide or manage nature–society
systems toward a sustainability transition?

−

How can the sustainability of alternative pathways of environment and
development be evaluated?”

The goals of this thesis work evolved within this understanding of
sustainability science: by combining knowledge from different disciplines,
such as environmental science, management, and product development, it
aims to both contribute to knowledge and make that knowledge directly
applicable in practice to facilitate change. More specifically, the goals of this
thesis are:
−

Intellectual goal: to increase the understanding of what sustainability
risks are and if and how a risk perspective can be useful to strategically
addressing sustainability-related challenges from a company
perspective.

−

Practical goal: to develop a heuristic technique for sustainability risk
management that can be applied to guide company decision-making in
the sustainability transition in practice.

These goals are well-aligned with the core questions of sustainability science
mentioned above: the long-term trends and changes within the
sustainability transition represent the source of uncertainty that risk
management activities need to take into account. By developing a way for
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strategic sustainability risk management in practice, companies could be
supported and guided in decision-making that would lead nature-society
systems toward a sustainability transition. This, however, requires that the
sustainability of alternative pathways, strategies, or product designs can be
evaluated.
Besides the intellectual and practical goals described above, Maxwell (2005)
also highlights the importance of personal goals, not least for the motivation,
creativity, and perseverance of the researcher. For the author of this thesis,
the conviction of the intrinsic value of nature as well as the desire to facilitate
change that leads to welfare of both human civilization and other species is
the central personal goal. Other personal goals include, for example, a high
level of learning throughout the research process, and laying a foundation
for a future academic career.

Conceptual framework
Maxwell (2005, p.33) describes the conceptual framework as “the system of
concepts, assumptions, expectations, beliefs, and theories that supports and
informs [the] research”. It is constructed through the researcher’s own
experience, existing theory and research, pilot and exploratory studies, and
thought experiments. For this thesis, the main parts of the conceptual
framework were described in the Background section. Paper A presents the
findings of an exploratory study, which, especially in the early stages of this
research project, contributed to developing the conceptual framework.
Another function of developing the conceptual framework is to connect the
research with one or several research paradigms, constituted of sets of
foundational, general assumptions about the nature of the world (ontology),
how knowledge about it can be obtained (epistemology), the role of values
in research (axiology), and the process of research (methodology) (Creswell
and Poth, 2018). This is important both for guiding research design decisions
and for justifying these decisions. Even though it is difficult to change
deliberately, one’s worldview develops over time.
The worldview of this thesis has its point of departure in a critical realism
stance, which combines a realist ontology (a real world exists independently
of our perceptions and theories) with a relativist or constructivist
epistemology (understanding of the world is inevitably a construction from
our worldview and perspectives) (Maxwell and Mittapalli, 2010). Hence,
critical realism assumes that there is an objective world with certain
characteristics and attributes, but, in contrast to scientific objectivism, it at
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the same time acknowledges that there can be multiple scientific ways of
understanding the world (Lakoff, 1987). It is important to point out though
that this does not mean that there are dual, independent and
incommensurable worlds. Rather, critical realism holds that there are
multiple valid perspectives on the world. Thus, values play an important role
in research (axiology) and should be critically reflected upon and
transparently described, rather than eliminated. A parallel can be drawn to
risks, which may have objective probabilities and consequences in the real
world, but that remain unknown and only can be viewed through a lens,
resulting in a perception of risks. Methodologically, critical realism is open
to both quantitative and qualitative methods and can facilitate the use of
mixed methods approaches (Maxwell and Mittapalli, 2010).
The main characteristics of critical realism and their relevance for the
conceptual framework of this thesis are outlined below (based on Isaksen,
2012; Maxwell and Mittapalli, 2010):
-

Critical realism is built on a normative stance and holds that scientists
should be involved in society to change it for the better. Knowledge
should therefore have a practical value or applicability. In this thesis, the
goals are based on the normative desire to facilitate the transition
towards a sustainable future. The thesis findings shall not only
contribute to knowledge for the sake of knowledge, but to knowledge
that can be used to accomplish the desired change.

-

Critical realism considers the social world to be emergent from, but not
reducible to, the objective material world. This position is in line with
strong sustainability, which holds that human-made capital cannot
substitute ecological and social capital.

-

Critical realism applies a mechanical view of causality, similar to process
theory (in contrast to a regularity view of causality and variance theory),
which means that it focuses on the events and the processes that connect
the events. This thesis adopts the mechanical view of causality. It does
not only focus on the co-occurrence of events, but rather on identifying
the processes which connect different events.

-

Critical realism complements deduction and induction with what is
called retroduction. Retroduction starts with the empirical experience of
an event and then reasons in terms of why it could be in that way. Hence,
focus is not on making predictions, but on identifying the underlying
causal mechanisms, which then can be further tested. This thesis makes
partly use of retroduction to acquire an understanding of possible
reasons for observed events.
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-

Critical realism considers all types of knowledge, including nonscientific knowledge, as valuable, even though some might have more
justification to be considered as valuable than others. For the goals of
this thesis, it is important to be critical but open towards various types
of knowledge, e.g. intuitive knowledge of industrial practitioners and
consultancies.

-

Critical realism considers monodisciplinarity to be important to acquire
deep knowledge about a certain topic (within a single so-called stratum),
but particularly stresses the importance of multi- and interdisciplinarity,
since research requires knowledge on multiple topics (across different
strata). The goal fulfilment of this thesis work is largely dependent on its
success in building bridges between different disciplines and
professions, such as environmental science, business management, and
product development. Critical realism’s combination of a realism
ontology with a relativism epistemology can help to overcome the gap
between natural and social sciences and, thereby, facilitate cooperation
across different disciplines and methodological traditions.

-

Critical realism perspectives have been previously implicitly and
explicitly applied and found useful in sustainability research, partly due
to the potential to foster interdisciplinarity (Høyer and Naess, 2008).
The potential benefits of applying critical realism in sustainability
science were further outlined by Isaksen (2012).

Research questions
The RQs are the central point of the interactive model, not because they are
the starting point or dictate the design of the other elements, but because
they have the most direct interaction with all other elements.
The RQs of this thesis were presented in Section 1.1. They are based on
process theory, as opposed to variance theory. This means that they do not
ask for a difference and which variables that explain the difference, but
rather for the meaning of events and activities to the involved people and
about the processes connected to those. The RQs were formulated as generic
questions, in contrast to particularistic questions, because the goals of the
research are to create a general understanding and general support that is
not only applicable at the studied case companies. However, there are
potential problems with generic RQs when it comes to validity and
generalizability, which is further discussed in the paragraph on the element
validity.
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Methods
This element is about what actually will be done to derive answers to the
RQs. In this thesis work, it is mostly the goals and RQs that directed the
choice of methods, in contrast to the other way around. The main methods
that were applied are: literature review (Paper A); exploratory and
descriptive semi-structured interviews (Papers A and B); document review
(Paper B); development and application of a self-assessment tool for risk
management practices (Paper B); questionnaire (Paper C); and development
and testing of a workshop method for sustainable product development
(Paper D). These methods, as well as related strategies for sampling, data
analysis, etc., are described in detail in the appended papers.

Validity
To avoid positivistic interpretations, the term “validity” is here used to refer
to “the correctness or credibility of a description, conclusion, explanation,
interpretation, or other sort of account” (Maxwell, 2005). Since the
researcher in qualitative, interpretative research is the instrument of
investigation through which the studied phenomena are viewed, it is neither
possible nor desirable to eliminate the researcher’s theories, beliefs, and
perceptual lens. Instead, it is about understanding how a particular
researcher’s lens affects the findings and conclusions in either positive or
negative ways, and to minimize the negative effects by explaining possible
bias and employing strategies to deal with them. For this thesis work, the
following major threats to validity and reliability were identified, and the
following measures were taken to mitigate them:
−

Observer bias: The author’s personal commitment for sustainability
issues creates a lens through which findings inevitably are viewed. To
limit this effect, study results were regularly discussed with people who
do not share this personal commitment.

−

Observer expectancy effect and confirmation bias: the author’s
expectations about the study results, e.g. in relation to the potential of a
risk perspective for addressing sustainability-related challenges, or the
benefit of sustainability capabilities from a business perspective, might
have led to the unconscious manipulation or misinterpretation of data,
such as questionnaire or interview answers. To mitigate this, several
strategies were combined: feedback on interview questions was gathered
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from colleagues and pilot tests were conducted; all interviews were
recorded, and verbatim transcripts created, resulting in so called “rich
data”; respondent validation of both transcripts and conclusions;
specific searches for discrepant evidence; and comparison between
cases.
−

Participant bias: The study participants might have given answers that
they thought the researcher wanted to hear. This might have been
further strengthened by the social desirability effect. To reduce this bias,
interview and questionnaire questions were formulated and asked in a
neutral way, and participants were ensured that their responses would
be treated confidentially.

−

Observer error: To avoid missing data, all interviews were recorded and
transcribed and results of the other data collection methods were either
automated and digital, or digitalized directly after the data collection.

−

Participant error: The study participants may have misunderstood
questions or experienced a lack of time to provide full answers. The data
collection methods were pilot tested and designed so that the
participants would get a realistic estimation of how much time is
required to take part in the study.

In addition to the strategies mentioned above, triangulation was applied, for
example by using interviews, document review, and a self-assessment to
collect data partly on the same questions.
A point that deserves particular attention is generalizability. Minor parts of
the work presented in this thesis, such as the conceptual part of Paper B, use
deductive reasoning, i.e. logic is used to derive conclusions from a number
of premises. The premises are in this case existing concepts and definitions
in the field. While deduction is powerful to showcase a line of logical
thought, it does not provide any insights on whether the premises are true
or not. Further, the conclusion does not provide any information that was
not part of the premises. Most of the work, such as the empirical studies, are
instead largely based on inductive reasoning, i.e. based on a limited number
of observations, generalizations are made, and hypotheses or theory are
developed. However, there is no logical guarantee that the conclusions are
true. Hence, conclusions from inductive reasoning can never be proven in
the sense of logically deduced from the evidence. They can only be shown to
be probably true. This requires ideally a large number of observations, which
are repeated under a variety of conditions, and the absence of observations
that conflict with the conclusion. However, it is unclear what qualifies as a
large number of observations and which conditions that are relevant to vary.
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Furthermore, there are very few theories where there are no exceptions
(Chalmers, 2013). Especially in qualitative research, the number of cases and
study participants is usually rather small, as the data collection and analysis,
for example through interviews, is time and resource demanding. Therefore,
it is crucial to consider the internal and external generalizability of a chosen
research design. Internal generalizability refers to the generalizability of a
conclusion within the studied context or group. External validity on the
other hand, is the generalizability of the conclusions outside of the studied
context or group. Based on the aim of this thesis, the research design focused
primarily on achieving a high level of internal generalizability. Therefore, the
conducted studies used relatively few cases, but with many participants from
each case, resulting in in-depth insights rather than a broad overview.
Despite the few cases, there may still be some degree of external
generalizability. In part because of “face generalizability”, which means that
“there is no obvious reason not to believe that the results apply more
generally” (Maxwell, 2005, p.115), at least at companies with similar
characteristics in terms of, for example, size and country. Furthermore, as
discussed by Hillebrand et al. (2001), the theory that is developed based on
the findings of a case study may be generalizable beyond the studied context.

3.2

Research Design for Design Research

While Maxwell's (2005) interactive, qualitative research approach was
applied to establish and continuously reshape the main elements of the
research design, as well the relationships among them, it was found helpful
to combine this approach with a methodology specifically for design
research.
Blessing and Chakrabarti (2009, p.2) expand on Simon’s (1981) account of
design and describe it as “a purposeful, social and cognitive activity
undertaken in a dynamic context, aimed “at changing existing situations into
preferred ones” (Simon, 1981)”. Hence, design is not only about the
development of products and related processes and support tools, but also
about people, organizations, as well as the micro- and macro-economic
context. Design research, according to Blessing and Chakrabarti (2009), has
two overall objectives: firstly, to develop an understanding, i.e. formulating
and validating theories about the phenomenon of design; and secondly, to
develop and validate support to improve design practices. This description
of design and design research bears remarkable resemblance to Kates’
description of sustainability science presented in the previous section. Both
have their core in a normative, social desire for change towards an ideal
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situation. Both bring together multiple disciplines and take place in a
dynamic context, requiring a systems perspective. Both aim at
understanding on the one hand and developing practical support that can
facilitate the desired change on the other hand. Hence, sustainability science
can also be called as a “science of design” (Miller, 2011; Simon, 1981). This
thesis, having sustainable design at its core, embraces that position, as also
reflected by the intellectual and practical goals presented in Section 3.1. It is
for that reason that the DRM was chosen as a complement to Maxwell’s
(2005) interactive qualitative research approach.
The DRM consists out of four stages, which are combined in an iterative
process, see Figure 3. In the research clarification stage, literature in the field
was reviewed and exploratory interviews with risk managers were conducted
in order to formulate realistic and relevant research goals. The results of this
stage also pointed out promising research directions (Paper A). Descriptive
study I had the purpose to acquire an understanding of both the current
situation and the desired situation. To this end, empirical studies, including
interviews, questionnaires, and a company self-assessment, were conducted
at several product development and manufacturing companies (Papers B
and C). In the prescriptive stage, existing concepts and previous findings
were used to develop theory on what sustainability risks are and how they
affect companies (Paper B). Some recommendations for how companies can
improve their capabilities for sustainability integration were also proposed
(Paper C). In addition, a workshop method was developed and tested that
aims to support product development teams in sustainable design (Paper D).
Future research will mostly focus on the prescriptive and descriptive II stages
to develop and evaluate support for how to manage sustainability risks in
practice.
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Figure 3. Overview of the research phases of this thesis work, based on the Design
Research Methodology. Developed from Blessing and Chakrabarti (2009).
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4.1

Paper A

Challenges for Integrating Sustainability in Risk Management – Current
State of Research
Published as
Schulte, J., Hallstedt, S., Challenges for Integrating Sustainability in Risk
Management – Current State of Research, Proceedings of the 21st
International Conference on Engineering Design (ICED17), Vancouver,
Canada, 21.-25.08.2017; pp. 327-336
Summary
Based on literature review and semi-structured interviews with risk
managers, this study presents an overview and an analysis of the state of the
art of sustainability risk management. The review includes both conceptual
studies on the current understanding of what sustainability risks are, as well
as studies that present tools or methods for how a sustainability perspective
can be integrated into risk management in practice. A particular focus was
placed on risk management on the strategic level, i.e. enterprise risk
management, and product risk management on the operational level.
The findings show that research as well as practice, at least at the case
companies, for sustainability risk management are at an early stage. The
conceptual understanding is limited and the existing definition, stating that
sustainability risks are risks that result from environmental or social justice
issues, is vague. On the enterprise level, the importance of integrating a
sustainability perspective in risk management is increasingly acknowledged
and both new frameworks as well as approaches for sustainability integration
into existing frameworks exist. On the product development level, the
Sustainability Risk Assessment (SRA) framework by Palousis et al. (2008,
2010) was identified as the most comprehensive work in the area. It is based
on an Integrated Bottom Line perspective, meaning that environmental and
social issues only are considered relevant to the degree that they can affect
the economic bottom line of the company. Hence, according to Palousis et
al., a sustainability impact of a product is only considered as a risk if (i) the
impact is part of an unsustainable trend; (ii) the government or global
community takes action in relation to this trend, and (iii) this action has an
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effect on the product’s life-cycle cost. Besides the SRA framework, attempts
to integrate sustainability into Failure Mode and Effect Analysis (FMEA), as
well as some new methods were identified. The interviews revealed that
several sustainability risks already are considered, for example extreme
weather events and legislative changes. However, these risks are neither
labelled nor interpreted as sustainability risks and there is no systematic way
for identifying and managing sustainability risks at the case companies.
Based on an analysis of the interviews and reviewed literature, challenges for
the area of sustainability risk management were identified. The challenges
are divided into two different types: firstly, there are challenges due to the
inherent properties of sustainability risks, which are (i) temporal dynamics;
(ii) qualitative dimension; and (iii) deep uncertainty. These challenges
cannot be solved; they can only be managed. Secondly, there are the
following research and managerial challenges, which are due to the lack of
knowledge or experience: (i) no clear and shared understanding of what
sustainability means; (ii) strategic perspective is missing; (iii) unclear
responsibilities; (iv) perceived conflict between sustainability and financial
goals; (v) vague connection to cost and value; (vi) low overall enterprise risk
management maturity; and (vi) underdeveloped social dimension. These
challenges can be overcome through further investigations. Finally, key steps
that can guide future research are proposed.
Relation in thesis
This study presents the first step of the DRM and the first step towards an
answer to the RQs. In order to be able to advance existing understanding
and to develop effective decision support for sustainability risk management,
one has to first understand and identify current research gaps and the
distinctive characteristics of sustainability risks. The exploratory nature of
this study had the purpose of providing an overview and orientation for both
research and practice in the field. Thereby, aspects with a particular
potential in relation to opportunities to answering the RQs could be
identified. Hence, the findings of Paper A worked as a guide for the following
work and papers.
Present author’s contribution
The author of this thesis co-conceived the study design, conducted the
literature review and interviews, performed the analysis, led the writing
process, finalized the manuscript based on feedback from the co-author and
reviewers, and presented the paper at the conference.
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4.2 Paper B
Company Risk Management in Light of the Sustainability Transition
Published as:
Schulte, J., Hallstedt, S. I., 2018, Company Risk Management in Light of the
Sustainability Transition, Sustainability, 10, 4137.
Summary
Further building on the findings of Paper A, this study investigates if and
how a risk management lens can be useful to understanding and addressing
sustainability-related challenges from a company perspective. The paper
consists out of two main parts: a theoretical part and an empirical part. The
theoretical part aimed to increase the conceptual understanding of what
sustainability risks are and how the implications of the sustainability
transition for company risk management can be identified. To this end,
literature review was combined with the application of a FSSD lens. Based
on the so-called funnel metaphor, it is shown that society’s inevitable
transition to sustainable development is a significant source of uncertainty
with far reaching consequences from a company risk management
perspective, see Figure 4.

Figure 4. The sustainability transition as a source of uncertainty dependent on a
company’s impact on strategic sustainable development.

As society is moving closer and closer towards a collapse of the social and
ecological systems, companies that are a relatively large part of the problem
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face increasing threats in terms of, for example, damage to reputation, failure
to attract top talent, and supply chain disruptions. At the same time, the
increasing threats to society create a demand for more sustainable solutions,
resulting in increased opportunities for companies that create stakeholder
value in a way that contributes to strategic sustainable development. Based
on this reasoning, a new definition is proposed, stating that sustainability
risks are threats and opportunities that are due to an organization’s
contribution or counteraction to society’s transition towards strategic
sustainable development. Also, risk management is pointed out as a
promising way to guide companies in finding the balance between being too
passive and too proactive in relation to sustainable innovation.
The empirical part of the study aimed to derive hypotheses regarding
preconditions for sustainability integration in risk management in practice.
To this end, in-depth studies were conducted at two case companies, using
semi-structured interviews, document review, a workshop session, and the
development and application of a self-assessment method for risk
management practices as data collection methods. These investigations
focused in part on the current risk management practices in general and in
part on the integration of a sustainability perspective in specific. The
following 10 hypotheses were formulated:
1.
2.
3.
4.

5.
6.
7.
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Sustainability risks should be made as tangible as possible.
Highlighting both the threats as well as the opportunities dimensions of
sustainability risks could facilitate the introduction of sustainability risk
management.
Sustainability risk management can build on the ISO 31000 definition of
risk as the effect of uncertainty on objectives.
Establishing the connection between stakeholder value creation and the
company’s contribution or counteraction to strategic sustainable
development is of key importance for sustainability risk management.
This requires the integration of sustainability into objective- and
requirement-setting and the cascading of those across the organizational
hierarchy.
A sustainability perspective should be integrated into existing processes
and, at least initially, traditional, mostly qualitative tools.
Increasing the awareness of the existence and importance of sustainability
risks, e.g., through rough but simple methods, is one of the most
important first steps.
Including a long-term perspective in risk management is of major
importance for integrating a sustainability perspective, but it is also a
major challenge.
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8.

Sustainability risk management needs to be value-adding and also provide
guidance for how to mitigate sustainability-related threats and exploit
opportunities.
9. The concept of sustainability risks is largely unknown. While some
environmental and social risks already are considered, sustainability risks
are not systematically and strategically identified and managed.
10. In product development, sustainability risk management should start
early and should then be conducted continuously throughout the process.
Another main finding of this part of the study is that sustainability risks need
to be identified and managed in relation to both internal and external
stakeholder value, which means that cost is important, but not the only
aspect that must be considered. It also means that effective sustainability
risk management is dependent on having a sustainability perspective added
or integrated into objective setting on all organizational levels. Based on the
findings, four consecutive challenges are identified for the integration of a
strategic sustainability perspective in risk management, which has the
potential to increase company competitiveness, while making them lead the
transition towards a sustainable society.
Relation in thesis
The empirical part of this paper represents the descriptive study I, while the
theoretical part belongs to the prescriptive stage. In Paper A, the insufficient
conceptual understanding of sustainability risks was pointed out as a major
barrier to advancing the field in relation to both the potential of risk
management to support companies in the transition towards sustainability,
and the development of actual methods that can be applied in practice. The
theoretical part of Paper B attempted to overcome this barrier.
While Paper A focused on mapping the current state of research, including
only a limited amount of data from practitioners, Paper B deepened the
investigations of the current risk management practices and preconditions
for sustainability integration in industry. Thereby, Paper B contributes to
building a foundation for the development of methods and tools that can be
tested and applied in practice.
Present author’s contribution
The author of this thesis led the planning process and study design,
including the interview protocols, application of the FSSD lens, new selfassessment method, etc., conducted the data collection, performed the
analysis, led the writing process, and finalized the manuscript based on
feedback from the co-author and reviewers.
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4.3 Paper C
Challenges and Preconditions to Build Capabilities for Sustainable Product
Design
Published as
Schulte, J., Hallstedt, S., Challenges and Preconditions to Build Capabilities
for Sustainable Product Design, Proceedings of the 21st International
Conference on Engineering Design (ICED17), Vancouver, Canada, 21.25.08.2017; pp. 1-10.
Summary
This paper presents the findings from a questionnaire study at four
multinational product development and manufacturing companies in
Sweden. A total of 306 responses from a variety of different roles was
collected. The purpose was to increase the understanding of companies’
preconditions for building capabilities for sustainable product development.
The findings show that the importance of increased capabilities is very much
acknowledged. However, the perceived prioritization of sustainability issues
is significantly lower. There is also a perceived gap between sustainability
prioritization at the strategic level and the operational level. Main driving
forces for sustainability-related decisions are competitiveness reasons, legal
requirements, ethical considerations, and, especially at one company, brand
and reputation. These findings indicate a shift in driving forces from ethical
issues and environmental concern to business aspects in terms of
competitiveness as the main driver. However, few respondents express
strategic decisions to be a strong driving force.
Decision support tools for sustainability are relatively unknown and few of
them are used in practice. Unsurprisingly, short-term economic thinking is
pointed out as the single biggest challenge for sustainability efforts at all case
companies, since the relation between sustainability and profitability is
unclear and intangible. A perceived conflict between sustainability goals and
economic goals is still common and increasing the sustainability of a product
is often not allowed to cause any increase in costs. These findings appear
paradoxical, as the importance of sustainability for long-term
competitiveness and survival is mentioned as the main driving force, at the
same time as economic and competitiveness reasons are stated as the main
challenges. Two possible explanations are (i) that sustainability and
profitability are seen as two separate objectives, which may be conflicting;
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or (ii) that it is a matter of prioritizing short-term low-risk profitability over
long-term high-risk competitiveness and survival. Other challenges include
the lack of sustainability criteria, lack of knowledge, and a lack of
management commitment. Correspondingly, better support tools and
increased prioritization among the top management are the most frequently
stated areas for improvement. More education and training are also
requested. In fact, the findings indicated a positive effect of sustainability
training on the attitude, as well as knowledge and use of sustainability
support tools among employees.
Based on the findings, seven improvement recommendations for companies
are suggested. They have no sequential order and can advantageously be
worked with in parallel. In short, the recommendations are:
−
−
−
−
−
−
−

Strengthen and visualize management commitment
Speed up sustainability prioritization
Create a shared understanding of sustainability
Investigate the business case for sustainability
Balance long-term and short-term perspectives
Integrate sustainability in processes and support tools
Invest in education and training

Relation in thesis
As found in Paper B, identifying sustainability risks of a company requires
insights on that company’s current position as well as its strategic direction.
Therefore, Paper C presents descriptive findings on some case companies’
current capabilities for sustainable product development, as well as their
attitudes, driving forces, and challenges in moving ahead. Paper C can be
considered as a stepping stone towards prescriptive studies on how
companies themselves can assess their current sustainability capability,
measure progress over time, and guide strategic action towards
sustainability integration. Such an assessment could then form the basis for
the identification of sustainability risks.
Present author’s contribution
The author of this thesis participated in the data collection and
administration of parts of the questionnaire, performed most of the analysis,
led the writing process, finalized the manuscript based on feedback from the
co-author and reviewers, and presented the paper at the conference.
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4.4 Paper D
Workshop Method for Early Sustainable Product Development
Published as
Schulte, J., Hallstedt, S. I., Workshop Method for Early Sustainable Product
Development, Proceedings of the DESIGN 2018 15th International Design
Conference, Dubrovnik, Croatia, 18.-24.05.2018; pp. 2751–2762.
Summary
The main purpose of Paper D was to develop a workshop method that can
support design teams in integrating a sustainability perspective in the early
phases of product development, where most of a product’s sustainability
impact is determined. Firstly, by reviewing the literature, existing workshop
methods for sustainable product development were analyzed and challenges
with these methods identified. Such challenges include, for example,
dependence on an expert facilitator, time intensiveness, and the demand for
detailed data that is often unavailable in early product development.
Secondly, a new innovation workshop approach was developed, combining
a product life-cycle perspective with key elements of the FSSD, i.e.
backcasting from basic principles for sustainability, Figure 5. The result is a
three-step approach: in the first step, “To Be”, an ideal vision of a sustainable
product, free from current limitations, is created. In the second step, “As Is”,
the current state is analyzed and challenges and strengths with the product
concept are identified. In the third step, “Strategies and Actions”, a
backcasting perspective is applied to conceive ideas to move from the
current reality to the ideal vision in a step by step way. Guiding questions
were developed to provoke thoughts and facilitate the process also for
people, who have limited familiarity with sustainable design.
Thirdly, the workshop method was tested and evaluated at two case
companies in Sweden and with an international academic group of design
researchers. The results indicate that the workshop provides a quick and
efficient way to generate ideas for developing more sustainable products.
More specifically, it was found that it is easy to use, independent of the
presence of an expert facilitator, applicable in the early phases of product
development, includes a full sustainability and life-cycle perspective, and
supports strategic thinking. The multidisciplinarity of the participant teams,
as well as the inclusion of stakeholders from across the value chain were
identified as key success factors. A potential limitation is that it can be
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difficult to compare concepts that are rather similar to each other, since the
workshop only yields qualitative results. However, the workshop provides a
quick overview of sustainability hot-spots, which, if deemed necessary, can
be investigated in more detail through the targeted use of quantitative tools,
such as life-cycle assessment.

Figure 5. Illustration of the SPD workshop methodology. Source: Paper D.

Relation in thesis
Similar to how the sustainability risk profile of a company is dependent on
its current practices and strategic direction, the sustainability risk profile of
a product is dependent on its current design and strategic development steps
within the system that it operates in. The workshop method presented in
Paper D includes sessions both for the current “As Is”, as well as for how to
apply “Strategies and Actions” to move towards a sustainable “To Be” vision.
Paper D can be also considered as a stepping stone for the integration of a
sustainability risk perspective on the product development level. This is
different to Paper C, in which the unit of analysis was the company rather
than a product or concept. Future work could build on the proposed
workshop method and connect different concepts and their contribution or
counteraction to strategic sustainable development to corresponding risks
for stakeholder value creation, thereby highlighting the motivation and
business rationale for making more sustainability-oriented decisions.
Present author’s contribution
The author of this thesis participated in conducting the workshops and the
development and refinement of the workshop method, did some parts of the
literature review, wrote most of the paper, and revised it after review.
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5

Conclusions

The main contributions of this research can be divided into two parts. Firstly,
the work contributes to knowledge by (i) identifying characteristics of
sustainability risks, which pose challenges to managing them in a company
context; (ii) deriving hypotheses regarding preconditions for sustainability
integration into company processes and tools; and (iii) proposing a
conceptual framework for company risk management in light of the
sustainability transition.
Secondly, this research contributes to practice by (i) recommending key
steps for companies to improve their capabilities for sustainability
integration in the early phases of product development; and (ii) presenting
a workshop method that utilizes backcasting from basic sustainability
principles to support multi-disciplinary teams in strategic sustainable
development thinking in the early phases of product development.
The intended contribution of providing support for managing sustainability
risks has not yet been achieved and will be the focus of future research. The
contribution and main conclusions of this research in relation to the
research questions were summarized in Figure 1 and are described in more
detail in the following paragraphs.

RQ1: If and how is a risk management lens useful to understand and
strategically guide company decision-making in the sustainability transition?
With the right motivation, people can accomplish almost anything. This is
also true when it comes to sustainability in a corporate context. So far,
however, the relation between sustainability aspects and company objectives
is vague, especially on the operational product development level. The main
potential of integrating a sustainability perspective in risk management lies
in making tangible and illuminating the relatedness and implications of the
sustainability transition on the company’s ability for long-term multistakeholder value creation.
Based on the funnel metaphor of the FSSD, Paper B explicated the
relationship between the transition towards a sustainable society and risks
for product development and manufacturing companies. Since such a
transition is inevitable, unless human civilization ceases to exist, companies
must change their operations and practices if they want to be part of a
sustainable future. The sustainability risk profile of a company is determined
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by its contribution or counteraction to strategic sustainable development,
which in turn depends on the company’s current state and strategic
direction. This is because society moving closer towards collapse results in
increasing threats for companies which are part of the problem, at the same
time as it results in increasing opportunities for companies that can be part
of the solution. Based on this reasoning, a new definition was proposed,
stating that sustainability risks are threats and opportunities that are due to
an organization’s contribution or counteraction to society’s transition
towards strategic sustainable development. However, companies need to
maneuver in a smart zone between being too passive and being too proactive
in relation to sustainability. This is the case on all levels of decision-making,
from high-level strategy to design and manufacturing. Ad hoc integration of
sustainability aspects in decision-making may lead to outcomes outside the
smart zone. Strategic sustainability risk management could contribute to
finding and maneuvering that smart zone by foreseeing changes in the
transition and the market. The early phases of product development play a
key role in this context, because the decisions taken at this stage to a large
degree determine the path for the whole innovation process. By integrating
a strategic sustainability perspective into risk management in the early
phases, it is more likely that the final product is successful both in terms of
the company’s short- and long-term profitability, and in terms of
contributing to society’s transition towards a sustainable future.
Looking back at the sustainability challenge and the radical transformation
that is required to tackle it, sustainability integration in company risk
management may be a little, yet important, piece of the solution puzzle.

RQ2: How can a strategic sustainability perspective be integrated into risk
management at product development and manufacturing companies?
The second RQ corresponds to the practical goal of developing support for
managing sustainability risks in practice. In Paper A the current state of
research was reviewed and characteristics and challenges that make
sustainability risks difficult to manage were identified. Paper B
complemented these findings by descriptive studies of how some companies
currently work with risk management in practice. Main insights were that
sustainability risks should be anchored in objectives, which in turn should
be set from a multi-stakeholder value creation perspective. The risks of the
sustainability transition, therefore, need not only be related to cost, but also
to all other kinds of stakeholder needs, including customer needs. This has
to go hand in hand with the integration of a strategic sustainability
perspective into objective setting across the organizational hierarchy.
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Paper C investigated preconditions for building capabilities for sustainability
integration, and Paper D presented a workshop approach for including a
strategic sustainability perspective in the early phases of product design.
Even though these papers do not provide a direct answer to RQ2, they can
be considered as steps towards an answer, because sustainability risk
management requires knowledge both about the current situation and about
strategies to move ahead. Still, to answer RQ2, more work is needed that
brings together the insights from Papers A and B with the findings on
companies’ current capabilities in Paper C and actual support that can be
applied in practice, such as the workshop approach in Paper D.

5.1

Limitations

Research necessarily involves making choices. Those choices also result in
limitations. Besides the limitations that result from methodological choices
(see Section 3.1), the focus on product development companies implied that
other relevant areas were outside the scope of the research. As described
earlier, sustainability is a system property. Hence, products and product
development are parts within a larger, multi-faceted system with a variety of
relevant elements, such as governance and legislation, human behavior,
culture, language, etc. This research focused on product development,
because of its important role for the sustainability transition (see Section
2.4). However, it is crucial to also look at product innovation and the results
of this research in relation to the other elements of the larger societal system.
It is only then that it is possible to achieve sustainability.
Another choice that may be questioned is the application of a FSSD lens to
understand how sustainability risk management can support companies to
contribute to the necessary sustainability transition. Given the extent and
urgency of the sustainability challenge, a radical transformation of society is
required, and it may be argued that sustainability risk management within
the FSSD is not radical enough to facilitate such a change. The most powerful
leverage points to intervene and change the system towards sustainability
are so called deep leverage points, addressing the intent (i.e. underpinning
values, paradigms and worldviews that shape the overall direction of the
system) and design (i.e. social structures that manage parameters and
feedbacks) of the system (Abson et al., 2017; Meadows, 1999). Several authors
argue that the FSSD (sometimes referred to as The Natural Step, TNS) does
not target such deep leverage points, as it does not challenge the underlying
growth paradigm that the ultimate bottom-line objective for companies is to
make profit (Sandström, 2005; Upham, 2000). Hence, it would not
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contribute to a mindset shift (Gaziulusoy, 2015). This point deserves a more
nuanced elaboration.
The first thing to point out is that the FSSD neither claims nor intents to be
sufficient for catalyzing change towards sustainable development. It is a
framework – a system of ideas and concepts that provides a structure of
thought. Hence, a plethora of other ideas, concepts, and tools is needed to
make the sustainability transition happen, including different ways of
accomplishing mindset shifts. The FSSD can provide the frame for relating
and making effective use of these ideas, concepts, and tools through
backcasting from a vision of a sustainable future framed by the sustainability
principles (Robèrt, 2000). As such, the FSSD does not prescribe a traditional
growth paradigm, nor any other paradigm. If anything, it highlights the
serious challenge that humanity is facing. Upham (2000, p.184) states that
“[...] almost all actions breach the principles [...]”. However, this does neither
support nor exclude a certain paradigm. What it reveals is that it is exactly a
radical change that is required in every part of society, including business.
From a business perspective, the FSSD can be applied to guide decisionmaking that leads towards a sustainable future. By combining it with a risk
management perspective, this thesis aimed to further connect strategic
sustainability thinking with decision-making in business. Thereby, it does
not directly target change at the world view level. However, there are very
few, if any, things that can do so directly. Still, it can contribute, alongside
the myriad of initiatives, concepts, and tools that is necessary to achieve
change in complex systems, to the gradual change of mindset and, in the
longer term, of the worldview that is necessary to reach a sustainable state.

5.2

Future Work

Future work will primarily focus on developing and testing support that
combines risk management with a strategic sustainable development lens.
Such support is needed on all levels of the organizational hierarchy and
needs to be complemented with an approach for integrating sustainability
in the definition and cascading of objectives. On the strategic and tactical
levels, future work can build on Papers C (challenges and preconditions to
build capabilities for sustainable product design) and D (workshop method
for early sustainable product development) to develop a way for how
companies can manage sustainability risks by assessing their current
practices and informing their strategies for moving ahead. On the
operational level, it could be promising to investigate possible ways of
connecting a sustainability risk perspective with approaches for value-driven
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design (Bertoni, 2017), as Paper B highlighted the importance of relating risks
of the sustainability transition to stakeholder value creation. Making the
sustainability transition tangible by relating it to effects on company
objectives can strengthen the motivation for taking strategic action towards
a sustainable future. And with the right motivation, almost anything is
possible.
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Challenges for Integrating Sustainability in Risk
Management – Current State of Research
Jesko Schulte
Sophie Hallstedt

Abstract
Numerous examples have shown how environmental and social issues can
affect companies at an existential level. In fact, today’s most urgent business
risks, e.g., brand value, legislative change, litigation, and supply chain
disruptions, are directly linked to sustainability issues. These risks need to
be systematically identified and strategically managed on both the strategic
company- and operational product development level in order for a
company to be long-term competitive. Based on a literature review and
interviews at case companies, this paper investigates the current state for
integrating a strategic sustainability perspective in risk management
processes and related support tools. Results show that sustainability risks are
not consciously identified and managed at the companies. Research is at an
early stage and few frameworks and tools exist. Based on the findings, the
study identifies and provides a comprehensive analysis of challenges for
sustainability integration, which works as a foundation for future research.
Finally, key steps to advance understanding and methods in sustainability
risk management are suggested.
Keywords: Risk Management, Sustainability, Ecodesign, Sustainable Product
Development, Strategic Sustainable Development
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1

Introduction

The transformation of society towards sustainability requires a
transformation of companies and their products and services. In relation to
product innovation, there are several mechanisms to facilitate this
transformation to happen, such as eco-labelling, environmental
management systems (e.g. ISO 14001), Corporate Social Responsibility
(CSR), extended producer responsibility as well as guidance for social
sustainability (e.g. ISO 26000) (Hallstedt, Thompson and Lindahl, 2013).
There is, however, not only a societal interest in pushing companies to
develop more sustainable products. Many corporate leaders have started to
acknowledge the business case for sustainability (Willard, 2012) and
empirical studies indicate a positive effect of sustainable product innovation
on overall company performance (Chen et al., 2006; Küçükoğlu and Pınar,
2015). At the same time, there are still considerable challenges that have to
be overcome, including the imbalance between short-term and long-term
profitability, a lack of a shared understanding of what sustainability means,
as well as insufficient guidance and tools on how to translate strategic
commitment into day-to-day action (Høgevold et al., 2014; Schulte and
Hallstedt, 2017). More effective risk management, that mitigates threats and
exploits opportunities, which is a prerequisite for long-term competitiveness
and success, has been pointed out as a key area of research to overcome some
of the challenges (Zetterlund et al., 2016). In fact, 8 out of the top 10 business
risks today are directly linked to sustainability issues, Table 1. Some of these
major risks are customer and consumer requests, environmental and social
legislation, effects on reputation, ability to attract and retain top talent, and
employee motivation (Bansal and Roth, 2000; Dangelico and Pujari, 2010;
Neville et al., 2006). The recent risk report by the World Economic Forum
also highlights the importance and interconnectedness of socio-ecological
risks and other risks such as economic ones (WEF, 2017). In product design,
decisions on for example material selection are most often made in early
phases of product development, which has a decisive influence on the other
parts of the product’s life. If the unique properties desired rely on material
compositions that risk to become critical, this means a business risk for the
manufacturer. Limited availability, for example, drives an increase of the
material price and high environmental impacts of materials face legislative
restraints or have negative consequences from a market perspective. For the
company, this is a risk that will threaten profitability. In Lloyd et al. (2012),
this situation is defined as “environmental business risk". The research on
sustainability aspects in risk management is, however, at an early stage. In
order to be able to advance existing frameworks and to develop effective
decision support tools, one has to first understand and identify current
research gaps and the distinctive characteristics of sustainability risks. The
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purpose of this study is, therefore, to analyse existing work on the state of
the art of sustainability risks, both on a conceptual level and in relation to
integration into risk management processes and support tools. Thereby, this
work aims at identifying preconditions and challenges for sustainability risk
management that can guide future research. Based on the findings, a number
of key steps for advancing this research area are suggested.
Table 1: Eight out of ten of the most important business risks are directly related to
sustainability issues.
Top 10 risks
(Aon, 2015)
1.

Reputation/
brand

2.

Economic
slowdown

Examples of sustainability
Examples of sustainability related
related threats
opportunities
Negative publicity, scandals,
Increased brand value, strategic
boycotts, e.g. Citigroup, Nike,
positioning of the brand, e.g.
ExxonMobil, Shell, Nestle, Coca- Patagonia, The Body Shop, Unilever,
Cola, PepsiCo
3M
No direct sustainability connection

Proactivity can result in competitive
advantage when being ahead of
legislation while competitors
struggle, e.g. Electrolux
Increasing demand for more
Increasing Low sustainability performance may sustainable products. Sustainability
as a value driver and competitive
competition
lead to lower competitiveness
advantage.
Attract or
Meaning-making and contributing to a good cause becomes more and
retain top
more important when professionals choose their jobs and career paths.
talent
Challenge
Intangible properties are more and more important, e.g. VIPP is selling
to innovate/
trash bins and toilet brushes for several hundred euro per piece.
meet
Sustainability is one of the most important intangibles. Increasing
customer
customer demand for more sustainable products.
needs
Supply chain disruptions (e.g.
Business
More resilient operations and supply
dependence on rare substances),
interruption
chains.
boycotts, accidents etc.
Minimized probability and
Third-party
Fines, settlements, lost (social)
consequences of third-party liability
license to operate
liability
events
Computer
No direct sustainability connection
crime
Property
Riots and sabotage due to social
Minimized probability and
damage
opposition, extreme weather events consequences of property damage

Regulatory/ Social or environmental legislation
3. legislative
may lead to increased costs, e.g.
changes
energy- and carbon taxes, REACH.

4.

5.

6.

7.

8.
9.
10.
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The following research questions (RQ) are addressed in this study:
RQ1: What is the current state of research regarding sustainability risk
management on the strategic enterprise level and the operational product
level?
RQ2: What are the main research gaps and challenges for integrating a
sustainability perspective into risk management?
By addressing these questions, the main contribution of this paper is a
comprehensive overview and analysis of the current state and the challenges
that in part are due to inherent properties of sustainability risks and in part
due to research gaps and lack of knowledge.

2

Background

2.1

Risk management in an organizational context

Risk can be defined as the effect of uncertainty on objectives, including both
threats and opportunities (ISO, 2009). Both uncertainty and objectives exist
on and are interconnected between the strategic, tactical, and operational
levels of a company, which requires processes and tools to manage risks on
all these levels, Figure 1. Thus, risks in product development cannot be
managed in total isolation from strategic and tactical risks and objectives.
For example, significant risks on the operational product development level
need to flow upwards through the organizational levels as they might require
strategic or tactical responses. Similarly, some strategic objectives and risks
need to be considered in product development. This is especially true for
sustainability risks. For this reason, we have chosen to initially focus on
sustainability integration in enterprise risk management (ERM) on the
strategic level and product risk management on the operational level. Our
focus also lies on possible connections between those two, and how they
relate to goals and objectives.
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Figure 1: There are objectives, which are subject to uncertainty, on all levels of an
organization. This requires interconnected risk management processes and tools.

2.2

Sustainable Product Development to avoid risks

Many advanced and complex product solutions need to be supported in the
market for a significant period of time and dependencies on unsustainable
solutions come with a risk for the company, with possible effects on longterm reputation and image, investment plans, quality control, and efficiency.
Sustainable product development (hear meaning that a strategic
sustainability perspective is integrated and implemented into the early phases
of the product innovation process, including life cycle thinking) aims to
support product development companies to be proactive and avoid the risks
mentioned. A combination of a forecasting and a backcasting approach is
needed, which has the advantage of including aspects of today together with
risk aspects of the suggested solution from a future sustainable society
perspective (Hallstedt, 2017). The long-term perspective is not normally
considered in support tools used in product development teams, which
makes it harder to take actions today for issues that might come up later
(Hallstedt, Thompson and Lindahl, 2013). At the same time, development
towards a sustainable society needs a long-time planning perspective.
Lozano (2008) stated that a longer time perspective is important as a
dimension in the understanding of sustainability, but it is not clearly covered
in most of the used representations of sustainability. A framework for
strategic sustainable development (FSSD) has been presented that uses
backcasting from basic sustainability principles (SPs) (Broman and Robèrt,
2017). By means of such a distinct definition of a sustainable solution,
guidance on how to work towards that sustainable vision in a strategic, stepby-step way, can be identified. This is different from traditional eco-design,
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which focuses on simply decreasing the environmental impact of a product
or service (Hallstedt, Thompson and Lindahl, 2013).

3

Method

While there is plenty of research on risk management, general trends and
state of the art, rather little attention has been focused on sustainability
aspects in risk management in relation to business and product
development. For that reason, an exploratory approach was taken (Karlsson
et al., 2009). A review of the literature was performed to map the current
state and conceptual challenges, as well as research gaps. This was
complemented by semi-structured interviews of four risk managers,
responsible for either enterprise- or product risk management processes in
two large product development and manufacturing companies in Sweden.
The questions focused on the following areas: current risk management
processes and connections between them, support tools, and perceived
benefits and challenges for risk management in general and for sustainability
integration in specific. As a variety of sources is influential within the risk
management discipline, the literature review was not restricted to journal
and conference articles, but also included company-, interest organisation-,
and consultancy reports, influential risk management books, and relevant
ISO standards (31000, 14000, and 9000 series). Snowballing was also used to
be observant of publications that are relevant for but that are not precisely
within the field of sustainability risk management. Web of Science and
Scopus databases were used. Components of the search strings included key
words and synonyms for risk management, sustainability, and product
development. The selection and analysis of the sources was carried out,
following guidance by Blessing and Chakrabarti (2009) and Karlsson et al.
(2009): for academic sources, the selection process started by reading the
title, and then, dependent on the degree of relevance, abstract, introduction
and conclusions, results, and finally background, objectives and setup were
also read. Key attributes as well as a summary of each source were
documented in an Excel spreadsheet, including year of publication, authors,
risk discipline addressed, degree of relevance, main findings, keywords etc.
Of a total of approximately 300 articles, about 70 academic papers and 20
other sources were studied and analysed in full text.
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4

Results and discussion

There is no commonly agreed upon definition of what sustainability risks
are, nor how to identify them. Anderson (2006; in Palousis et al. 2008)
defines them as the risks that result from environmental or social justice
issues. This, however, then leaves the question of how environmental and
social justice issues are defined. Palousis et al. (2008) present six categories
of sustainability risks, ranging from (i) physical risks like business disruption
through extreme weather events; over (ii) regulatory; (iii) litigation; (iv)
competitiveness; and (v) reputational risks, to (vi) supply chain risks.

4.1

RQ1: Current state of sustainability integration in
risk management

4.1.1

Enterprise Risk Management

What became evident in the interviews is that some of the more obvious
sustainability risks already are widely considered, e.g., legislative change and
extreme weather events. These risks are, however, not consciously and
systematically identified and managed as sustainability risks as such.
Instead, they are identified rather by chance when investigating other risk
categories. Thus, it is likely that important sustainability risks are missed,
leaving companies vulnerable to threats and missing out on opportunities.
In the literature, the importance of integrating a sustainability perspective
into ERM is increasingly acknowledged and a number of suggestions for new
frameworks (Giannakis and Papadopoulos, 2016; Saardchom, 2013; Yilmaz
and Flouris, 2010) and sustainability integration into existing ones (Aon,
2007; Faris et al., 2013; Lam and Quinn, 2014; Pollard and Stephen, 2008) have
been made. The existing frameworks generally accommodate sustainability
risks well on a conceptual level, without major changes in their structure.
Sustainability rather adds an additional dimension to ERM. While the
proposed frameworks are similar to a large degree, there are also some
important marks of distinction. Faris et al. (2013) consider that a
sustainability perspective adds to the range of possible risks that can affect
organizational objectives. In contrast, Aon (2007) and Saardchom (2013)
argue that sustainability should be a separate objective. In regard to the
connection between strategic, tactical and operational levels, Lam and
Quinn (2014) point out that dashboard reports could be a valuable tool. In a
feedback loop, risk information would flow up to senior management and
the board, who would then study implications and take decisions, which
would be passed down to the business units to take action.
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Kytle and Ruggie (2005) stress the importance of managing stakeholder
relations, which they think is key for managing social risks. However, their
argumentation is to a large degree also valid for environmental risks.
Managing relationships differs from simply managing stakeholders, which is
about “the dissemination of information to stakeholders, through public
relations or community relations, on decisions already made without
completing the feedback loop” (Kytle and Ruggie, 2005), while managing
stakeholder relationships requires closing the loop and truly engaging
stakeholders. This means that stakeholders are approached, listened to, and
involved in decision making or in finding solutions. The advantage of
engaging relevant stakeholders to a high degree is that the engagement often
is mutual, meaning that if the company chooses to involve stakeholders in
some company decisions, these stakeholders may also involve the company
in their decision making, e.g., regarding regulation, NGO campaigns etc.
This two-way engagement also provides the company with antennae
through which signals of rising issues and challenges can be picked up, as
well as information on early possible responses. These ambitions need to be
linked to the company’s strategic risk management (Kytle and Ruggie, 2005).
4.1.2

Product risk management

Palousis et al. (2010, 2008) have presented the so far most comprehensive
framework, called sustainability risk assessment, which specifically
addresses product development. They use an integrated bottom line (IBL)
perspective for identifying sustainability risks. In contrast to the triple
bottom line (TBL) (Elkington, 1997), where economic, social, and
environmental aspects are considered as separate and equally important
dimensions, in the IBL, social and environmental aspects are functions of the
economic domain. The sustainability risk assessment framework is based on
this thinking (Palousis et al., 2010). Therefore, the identification of
sustainability risks is tied to a line of cause and effect, which connects the
environmental and social domains with the economic one. The simple fact
that a product has an environmental or social impact in the different stages
of its life cycle does not automatically mean that all these impacts are
sustainability risks. For the sustainability impact to be considered as a
sustainability risk, three conditions must be met: first that impact has to be
considered as part of an unsustainable trend; second, the government or
global community has to take action on that trend, and third, this action has
to have a direct or indirect effect on the product’s life cycle cost (LCC). As an
example, climate change is an unsustainable trend and several regulations
that affect the product's LCC are in place and can be expected to become
tougher in the future. These trends that make the link between
environmental impacts and economic effects are investigated based on the
same time perspective as the life cycle of the product. The methodology that
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Palousis et al. (2010) suggest is based on a combination of life cycle
assessment (LCA) and activity-based life cycle costing. The chains of cause
and effect are assessed and visualized as sustainability risk trees. The risk
trees can then be used to make risk statements, for example: acidification
due to NOx emissions, leading to tougher political action on cutting
emissions, leading to NOx taxes, leading to more expensive transports,
leading to higher costs in the supply chain and distribution. After the
identification of the risk statements, a quantitative risk analysis is applied to
calculate the potential impact of the sustainability risks on the product's LCC
by multiplication of probability and consequences. This results in the final
output, the sustainability-adjusted LCC of a product, that can be used to
improve the design by, for example, substituting critical materials to
decrease sustainability risks or to choose between different design
alternatives.
Several approaches to integrate environmental aspects into FMEA have been
made. The method suggested by Rozak et al. (2015) is, however, very narrow
in scope, and is limited to risks for non-compliance with environmental
legislation with focus on failure of machines or equipment. This is, though,
only a fraction of relevant sustainability aspects. In addition, using
regulation as the point of reference is a very passive, minimum approach.
Lindahl (1999) suggested a more thorough approach to be used in the early
phases of product development, including the following steps: (i)
identification of the life cycle stages of the product or process and of the
connected activities; (ii) identification of environmental aspects, e.g.,
emissions to air and water; (iii) linking environmental impacts caused by
each environmental aspect; (iv) evaluation of environmental aspects and
impacts that should be regarded as significant, using public image,
controlling documents, and environmental consequences as criteria; (v)
listing of recommended actions. This approach is more systematic and takes
the whole life cycle into account as well as input from multiple sources, not
only regulation. Applying this method in the early stages has several
advantages including there being larger differences between different
concepts compared to differences on a detailed component level. Also,
changes that can reduce environmental failure modes are easier to make in
the early stages. Still, it does not include a full strategic sustainability
perspective and social aspects are not considered at all. Also, the connection
between the failure modes or environmental impact and value or financial
loss is vague. The approach has also been criticised for its limiting scope in
space and time (Lenzen et al., 2003). Finally, it is also unclear how aspects
and impacts can be identified and assessed in a systematic way, as there is
no underlying definition of it. Hallstedt et al. (2015) have therefore suggested
to complement the method with a strategic sustainable assessment and net
present value analysis. Herva et al. (2011) presented a case study that
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combines ecological footprint (EF) with environmental risk assessment
(ERA) to make decisions in the design of child footwear. The scope of ERA
is, however, limited to health risks due to the exposure to hazardous
compounds. The connection to potential effects on company objectives does
not form part of neither EF or ERA, which makes the choice between design
alternatives in product development difficult. In a recent study, Gargalo et
al. (2016) suggested a multi-level framework for techno-economic and
environmental sustainability analysis through risk assessment to be used in
early product development. A framework for a sustainability risk assessment
of mechanical systems in the concept design phase was presented by Anand
et al. (2016). It is based on the identification and analysis of so called
sustainability risk assessment parameters. A newly developed index is then
used to evaluate different design alternatives from a risk perspective.

4.2

RQ2: Challenges for sustainability integration in risk
management

Based on the insights from the interviews and reviewed literature, we argue
that there are two types of challenges for effectively managing sustainability
risks. First, sustainability risks have some inherent properties that
differentiate them from the more traditional risks and that are the root
causes for the main challenges in integrating them into risk management
processes, no matter if it is on enterprise or product level. Just like with
aleatory uncertainty, these challenges cannot be solved or reduced, but only
managed as well as possible. Second, there is a number of challenges that are
due to research gaps and lack of knowledge. Like epistemic uncertainty,
these challenges can be overcome through further investigations, testing,
and learning, for example, through development and application of new
tools, process changes etc. The identified challenges do not exclusively apply
only for sustainability risks; the combination of them, however, makes
sustainability issues one of the most difficult aspects to manage.
4.2.1

Challenges due to inherent sustainability risk properties

Temporal dynamics: Like for some other types of risks, the connection
between short-term and long-term sustainability risks is often vague
(Bromiley et al., 2015). Still, this connection is of great importance: if product
lifespan is short, the company may be blind for significant longer-term risks.
If the lifespan is long, the company has to identify the long-term risks of
present choices. The challenge is to balance the time perspective of
sustainability risk management in order to be long-term sustainable and
short-term profitable.
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Qualitative dimension: The concept of "sustainability" is based on ethics
and value judgement, e.g., why society should care about sustainability,
other species and future generations. This is also evident in product
development and risk management: for example, what sustainability impact
is more serious, the emission of 50 kg of lead, or 1000 hours of child labour?
In addition, there are dimensions of sustainability that cannot meaningfully
be expressed in quantitative terms without reduction, for example, the
aesthetic value of a landscape. As a result, rational or objective decisions are
not possible, neither is the complete quantification of the sustainability
impact. This, however, does not imply that a thorough investigation and
assessment of sustainability aspects is impossible or useless. What it means
is that quantitative and qualitative approaches have to be combined to create
an as good as possible basis for decision making. Still, it is important to keep
in mind that the decision includes some degree of value judgement and
might be based on expert judgement of sustainability risks. Handling this
qualitative dimension poses a great challenge for both risk management and
sustainable product development in general, especially in the later phases of
product development, where the requirement for quantitative parameters is
high.
Deep uncertainty: Neither the probabilities nor consequences of many
sustainability-related events are assessable with any reasonable precision
(Pollard and Stephen, 2008), which means that “traditional statistical
methods and tools are not suitable, as relevant supporting models cannot
easily be justified and relevant data are missing” (Aven, 2013). Quantification
is in such cases rather a risk, because the numbers might create a false sense
of certainty. In addition, the numbers do not catch the qualitative aspects as
discussed above, meaning that important aspects can be missed. The
resulting challenge is that it is difficult to express sustainability risks in
numbers and to connect them with other attributes such as profitability.
This, in turn, makes it hard to define quantitative goals, decide on risk
responses, and monitor and measure progress and effectiveness of
responses. As pointed out by several interviewees, this difficulty in managing
sustainability risks can result in these being simply ignored or that the
importance of other, more tangible and quantifiable risks is given
precedence. Cox (2012) reviewed 10 tools that can enhance the
understanding of deep uncertainty and decision making when correct
models are not known. The tools are based on two strategies, either finding
robust decisions that work acceptably well for many models, or adaptive risk
management, which means learning through well-designed and analysed
trial and error. Similarly, Pollard and Stephen (2008) suggest adding
"adaptation" as an appropriate risk response, which means decreasing
company vulnerability and preparing for the unknown. Still, Aven (2013)
points out that risk assessments and analyses do not prescribe what to do,
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they are merely a tool to inform the decision maker. Analyses are also based
on assumptions, background knowledge with a degree of certainty, etc., and
have to be viewed in a bigger context. This also poses the challenges of how
results can be displayed in a way that reflects underlying assumptions and
the degree of knowledge and certainty (Aven, 2016). Therefore, Aven (2013)
argues that “a managerial review and judgement is required that can see
beyond the narrow technical criteria when making judgements about the
risk being acceptable or not”. Risk acceptance criteria can help but not
replace managerial judgement and decision making.
4.2.2

Research and managerial challenges

No clear and shared understanding of what sustainability means: Most
of the existing work either refers to the Brundtland definition (WCED, 1987),
the TBL, or uses some rather arbitrary categorization of sustainability risks.
Neither is there a shared understanding at the companies, which, however,
is a prerequisite, not only for effective communication, but also for being
able to build capabilities and to define and identify sustainability risks
(Schulte and Hallstedt, 2017).
Strategic perspective is missing: For ERM, the importance of closely tying
it to strategic planning is widely noticed (Aon, 2010; Arena et al., 2010;
Bromiley et al., 2015; Farrell and Gallagher, 2015). However, while there
might be a sustainability perspective on strategy, a strategic perspective on
sustainability risks is missing. For instance, only looking at the effects on a
product's LCC does not provide any long-term strategic guidance. For that,
a clear definition of a future state of full sustainability is required.
Backcasting from SPs can foster such a perspective (Hallstedt, Thompson
and Lindahl, 2013).
Unclear responsibilities: The presence of a Chief Risk Officer (CRO) has
been pointed out as a mark of distinction of successful ERM (Liebenberg and
Hoyt, 2003; Yazid et al., 2011). This works fine as long as ERM mainly focuses
on internal and controllable risks. Sustainability risks are, however, often
external and therefore difficult to assign to any specific internal function. At
the same time, sustainability issues are too complex and diverse as to expect
the CEO or Board of Directors to be knowledgeable about them and to
manage them (Pollard and Stephen, 2008).
Perceived inherent conflict between sustainability and financial
goals: Even though there is emerging recognition of the mutually beneficial
relationship between sustainability and traditional company goals (Willard,
2005), some still perceive a trade-off (Aon, 2007; Saardchom, 2013), instead
of a symbiosis.
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Vague connection to cost and value: As sustainability risks are complex,
interrelated, and difficult to analyse quantitatively, their influence on costs
and benefits is unclear. However, some interviewees point out the
importance of understanding this connection from a company perspective,
in order to make calculations on the return of investment and decide on
appropriate risk responses.
Low overall ERM maturity: ERM as a discipline might be too immature
and some necessary preconditions for sustainability integration might not
be there, e.g., a basic understanding of what ERM is, what role it should play
at the company, and how it should be used. The current degree of
implementation in general might also be insufficient for adding a
sustainability perspective as a new dimension. This concern was also
expressed in some of the initial interviews. On the other hand, coming in
with sustainability at an early stage of the development of ERM and its
implementation offers opportunities to achieve sustainability becoming a
natural part of ERM instead of being tacked on to it later when the ERM
fundamentals are more established.
Underdeveloped social dimension: Unsurprisingly, the social dimension
of sustainability is particularly underdeveloped in current risk management
practices, just as it is in sustainable product development in general
(Hallstedt, Thompson and Lindahl, 2013; Schulte and Hallstedt, 2017).
4.2.3

Sustainability: a lens or an objective?

Per definition, strategic planning starts with a vision of success and risk
management starts with objectives. Therefore, it is important to be clear on
how sustainability should be included in objective setting as the rest of the
risk management process depends on it. There are two ways in which a
sustainability perspective can relate to objectives. First, sustainability can be
formulated as a new objective in itself, side by side with other objectives for
financial performance, quality, etc. (Saardchom, 2013). Second, a
sustainability perspective can be used as a lens through which existing
objectives are viewed (Faris et al., 2013). Both approaches have strengths and
drawbacks. Formulating specific sustainability objectives is a clear and
tangible statement, which also symbolizes commitment. It is also more
concrete and makes it possible to break down objectives into goals, key
performance indicators, etc. On the other hand, sustainability should not be
formulated as a specific objective if it is no objective in itself. In other words,
if the company is only interested in sustainability aspects when they provide
economical advantage, then sustainability aspects should not be stated as
objectives. Another drawback is that if sustainability is an objective
alongside many others, trade-offs arise and sustainability might get lower
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prioritization than other objectives, resulting in sustainability
considerations only being done in good times, something which was also
pointed out by an interviewee. In addition, treating sustainability as a
separate objective can lead to important connections to other objectives
being missed. The main advantage of using sustainability as a lens is that the
connections between sustainability and other objectives are at the centre. In
this case, there does not have to be trade-offs, sustainability can, instead, be
seen as a tool to reach other objectives, including financial ones. The main
drawback is that, at least initially, sustainability is less concrete and the
connections to other risks can be difficult to identify without guidance and
training. Hallstedt (2017) has presented a suggestion for how sustainability
can be defined for company products.
Obviously, the strengths of one approach are the drawbacks of the other and
vice versa. The question is, therefore, if these two approaches can and should
be combined. This would mean that there is both a distinct sustainability
objective, but at the same time a sustainability lens is also applied to view all
other objectives. This approach could potentially combine the strengths of
both ways. However, it could also lead to confusion. More research, both on
a conceptual and an empirical level, is needed to investigate more in detail
if such an approach would work in practice and, in that case, what it would
look like.

5

Conclusions

Research on integrating a sustainability perspective in risk management is
at an early stage. Few systematic methods for identifying and managing
sustainability risks exist and those that do also have significant limitations.
In practice, at least at the case companies that were part of this study, there
are neither processes nor tools for managing sustainability risks in place
today. However, in contrast to Saardchom (2013), we consider that existing
risk management frameworks, such as ISO 31000 and COSO’s ERM
framework, generally go together well with sustainability issues and that
there is no conflict between these frameworks and including sustainability
aspects in risk management. However, one has to remember that these
frameworks are merely vessels that provide some general guidance and
structure – filling them with content is a different task and not the purpose
of the frameworks.
Based on interviews and literature review, numerous barriers for
sustainability risk management were identified and grouped into two types;

66

Paper A

first, challenges that are due to inherent properties of sustainability risks,
and second, research and managerial challenges. The findings will work as
guidance for future research in the field. Some key steps should include: (i)
development of a deeper conceptual understanding of what sustainability
risks are and how they could be managed strategically within an
organizational context; (ii) more detailed empirical studies that look at the
current state of practice to identify company needs and potentials for
sustainability integration in risk management; (iii) mapping of existing
general risk management tools and techniques and their potential for
managing sustainability risks; (iv) development of a framework as well as
tools for strategic sustainability risk management; (v) validating and testing
of such approaches. Linking the FSSD to sustainability risk management
could add a valuable perspective and methodology to overcome some of the
most urgent identified challenges and, therefore, deserves closer
investigation.
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Company Risk Management in Light of the
Sustainability Transition
Jesko Schulte
Sophie I. Hallstedt

Abstract
Many of the most important business and economic risks are directly linked
to environmental and social issues. This includes both threats and
opportunities, not only in relation to reputation, which is often mentioned
in this context, but, even more importantly, in relation to innovation
capability and legislative change on inevitably more and more sustainabilitydriven markets. It is, however, unclear through which mechanisms such
sustainability risks currently affect companies and how they can be
systematically identified and managed. Based on the Framework for
Strategic Sustainable Development, this study investigates the dynamics and
implications of society’s sustainability transition from a company risk
management perspective. In addition, exploratory and descriptive studies
were conducted at two large product innovation companies to identify
current risk management practices and preconditions for sustainability
integration. The results reveal that a society moving closer towards a collapse
of environmental and social systems leads to increasing sustainabilityrelated threats for unsustainable businesses and increasing opportunities for
sustainable businesses. Also, risk management is found to be a promising
way for maneuvering in a smart zone between being too passive and being
too pro-active in relation to sustainable innovation. The study participants
at the case companies were knowledgeable about risk management in
general but were largely unfamiliar with risks associated with sustainability
and no processes or support tools exist to work systematically with such
risks. Key steps to accomplishing an integration of a strategic sustainability
perspective into risk management are proposed as: (i) identifying the effects
of sustainability issues on internal and external stakeholder value; (ii)
actively including sustainability in objective setting and cascading objectives
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across the levels of the organizational hierarchy; and (iii) developing
concrete support for identifying, assessing, and managing economic
sustainability risks. Thereby, companies can enhance their competitiveness
while providing leadership in the sustainability transition.
Keywords: risk management; sustainability; product innovation; strategic
sustainable development; sustainable product development; sustainability
transitions

1

Introduction

A societal transition is needed to deal with the accelerating degradation of
the ecological and social systems, for example in terms of biodiversity loss
and the erosion of trust [1,2]. A transition can be defined as “a long term
process—it may take one or more generations—of non-linear social change
leading to new constellations of actors, structures and practices, which
determine the functioning of the system” [3]. Product innovation companies
play a key role in leading society’s transition towards sustainable
development as they can contribute to production and consumption
patterns that fulfill human needs in a sustainable way. At the same time, this
transition poses both great opportunities and challenges and requires
companies to adapt on all levels, from vision and strategy, to daily
operations. Capabilities for integrating and managing sustainability aspects
are, therefore, increasingly acknowledged as a necessity for long-term
business success [4,5] and a variety of tools and mechanisms exist that aim
to facilitate such a change. This includes legislation, environmental
management systems (e.g., ISO 14001), sustainability labeling, and
sustainable design methods [6]. However, managers as well as product
developers are facing several challenges, including how to make
sustainability and related business benefits tangible and operationalizable
[7].
Risk management has been pointed out as a promising way to clarify the
driving forces and rationale for integrating a sustainability perspective into
decision-making [8]. Sustainability risks have previously been defined as
risks that are due to environmental or social justice issues and numerous
examples have highlighted how they can affect companies at an existential
level, both for the better and for the worse [9]. In fact, a previous study found
that 8 of the 10 most important business risks are directly related to
environmental or social issues [10]. Most importantly, it is about the risk for
the competitiveness of the company value offer, i.e., the ability to meet
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customer needs, in increasingly sustainability-driven markets. Also, risks in
relation to reputation and brand, legislative change, the ability to attract top
talent, and third-party liability are directly affected by sustainability issues
[11,12]. Hence, smart risk management can be considered as the main driving
force for sustainability commitment. Product innovation is decisive for
whether a company is able to exploit such risks as opportunities, or whether
it will be hit by the threats. For example, if the product design is dependent
on a material or process that is critical from an environmental or social
perspective, there is a risk of legislative restraints, increasing costs, and
decreasing customer demand, threating company profitability and
competitiveness. Lloyd et al. [13] defined such stakeholder responses as
“environmental business risk”. However, the current understanding of how
sustainability risk management can contribute to company competitiveness
and the societal transition is limited [10]. Therefore, the purpose of this study
is to test whether a risk management lens may be useful to understanding
and addressing sustainability-related challenges from a company
perspective. To this end, an existing framework is applied to clarify the
dynamics and driving forces for sustainability proactivity in relation to risk
management. Furthermore, based on in-depth exploratory and descriptive
studies at two case companies, the study aims to generate hypotheses
regarding preconditions for how a sustainability perspective can be
integrated in existing processes and tools. The following research questions
are addressed:
1.

What are the implications of the sustainability transition for company
risk management?

2.

What hypotheses regarding current preconditions for sustainability
integration in risk management can be derived from in-depth studies
at two large product innovation companies?

By answering these questions, the main contribution of this study is
threefold. Firstly, it expands the theory and conceptual understanding of
what sustainability risks are and how they affect product innovation
companies; secondly, it provides in-depth insights into how two case
companies currently work with risk management on different organizational
levels; and thirdly, preconditions for systematically integrating a strategic
sustainability perspective are proposed. Thereby, the findings contribute to
building a foundation that enables the development of methods and tools
that can be tested and applied in practice.
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2

Background

2.1

Risk Management in Product Innovation Companies

Each company has a vision and a purpose that it wants to accomplish and
realize. However, this planning is difficult as nothing about the future is
certain and an infinite number of events can affect the achievement of the
company’s goals. Therefore, risk management is, in essence, about managing
the future, which is characterized by uncertainty. Risk is, however, only a
subset of uncertainty and is defined as “the effect of uncertainty on objectives”
in the ISO 31000 standard [14]. This definition implies that risk includes
threats as well as opportunities, as uncertainty can have either a positive or a
negative effect on the achievement of objectives.
The importance of risk management for product innovation is today widely
acknowledged and has been highlighted by several empirical studies [15–17].
This is due to benefits such as improved stakeholder confidence and trust,
controls, resource allocation, loss prevention, organizational learning,
compliance, and organizational resilience [14]. In fact, product development
can be considered a structured way to reduce uncertainty [18] and many
support tools exist for different phases of the product development process
[19].
As objectives, which are subject to uncertainty, exist on all levels of a
company, here referred to as the strategic, tactical, and operational levels, so
also does risk. Bertoni [20] defined the three levels as follows: the strategic
level is about long-term decisions made by top managers, including the
definition of corporate strategic goals. The tactical level is concerned with
the management of the corporate material and immaterial resources and the
development of a roadmap, based on the strategic goals. It also includes the
matching of strategies with specific targets of lower-level departments. The
operational level includes the specific procedures and processes on the lowest
levels of the organizational hierarchy. As a result, sub-disciplines of risk
management have evolved, such as enterprise risk management (ERM) at the
strategic level, portfolio risk management at the tactical level, and projectand product risk management at the operational level. The ISO 31000
standard aimed to create coherence and integration between these different
sub-disciplines across the organizational levels of decision-making. A review
of the literature by Oehmen et al. [21], however, found that such integration
and interaction is lacking and that no agreement exists regarding the
establishment of objectives, which by definition are the foundation for risk
management.
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Another main challenge with both researching and conducting risk
management is to assess the effectiveness of current risk management
practices. At the same time, this is a prerequisite for continuous
improvement of processes and tools. This is due to the nature of risk and
uncertainty: the true existence, likelihood, and consequences of a risk
remain unknown, which results in a lack of feedback on the effectiveness of
risk management practices. For example, there might be a substantial risk,
which a team fails to identify. However, if the event does not occur, the team
remains unaware of the risk and the potential ineffectiveness of their risk
management activities. This is also true for the assessment and mitigation of
risks. For instance, a team might identify and assess a threat and put
mitigation actions in place. However, independently of whether the event
occurs or not, the team cannot know whether the assessment was correct
and whether the mitigation action was effective. Therefore, there is a need
to identify criteria and characteristics of successful risk management that
provide guidance and clear objectives for companies to work towards. To this
end, several risk maturity models (RMMs) have been developed, in which
levels of maturity are cross-referenced with different attributes.

2.2

Strategic Sustainable Development

Even for companies that acknowledge the importance of sustainable
innovation, it remains challenging to identify which actions that are strategic
stepping stones on the way towards sustainability and which solutions that
may later turn out to be costly dead ends. Also, transition studies argue that
addressing symptoms rather than the underlying root causes results in a
lock-in and further emerging problems [22]. Hence, there is a need for a
framework with the capacity of (i) providing guidance on how to take
strategic action within the sustainability transition; and (ii) relating the
myriad un-sustainability-related impacts in social and ecological systems to
a few comprehensive mechanisms of destruction, up-stream in cause-effect
chains. There is such a framework, the Framework for Strategic Sustainable
Development (FSSD), where the basic principles of destruction are used as
exclusion-criteria for re-design, turning them into boundary conditions for
sustainable organizations and societies. The history and development
process of the FSSD has been compiled and explained in detail by Broman
and Robèrt [23].
The framework has the purpose of providing leaders and decision-makers
with the necessary perspective and understanding to plan for and
strategically move towards sustainability in complex systems. Five distinct
but interconnected levels make up the structure of the FSSD: (i) an
understanding of the overarching system, i.e., human society within the
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biosphere; (ii) a definition of success in that system, i.e., the aforementioned
boundary conditions for sustainable re-design; (iii) strategic guidelines for
how to move towards success; (iv) actions to accomplish the change; and (v)
tools to facilitate the actions (ibid.). A central element of the FSSD is a
backcasting perspective [24]. In contrast to forecasting, which is making
predictions of what is likely to happen in the future based on existing trends,
resulting in the risk of path dependencies, backcasting starts with the goal
in mind. It asks what has to happen today and tomorrow in order to reach
that goal, thereby making sure that actions lead in the right direction. The
definition of the goal, i.e., success in the system, therefore, plays a key role in
backcasting. A detailed vision of a sustainable future society is, however,
difficult for people to agree upon. It is also inflexible and easily becomes
obsolete in the face of technology shifts and breakthroughs. A definition that
is too general and vague, on the other hand, is not useful as guidance for
innovation. For that reason, the FSSD uses the following first-order
sustainability principles (SPs) as a definition of success [25]:
“In a sustainable society, nature is not subject to systematically increasing…
. . . concentrations of substances extracted from the Earth’s crust
. . . concentrations of substances produced by society
. . . degradation by physical means
People are not subject to structural obstacles to…
. . . health
. . . influence
. . . competence
. . . impartiality
. . . meaning-making”
These principles represent the root-causes, i.e., the basic mechanisms of
destruction in upstream practices in the ecological and social systems.
Effects like biodiversity loss, erosion of trust, and climate change are
symptoms that are rooted in the violation of the sustainability principles [18].
In practice, the principles can be used as a lens for analyzing an
organization’s or product’s sustainability impact and potential to lead
towards a sustainable society [21]. By using the principles, it is also possible
to derive a well-defined sustainable solution and to obtain guidance on how
to work towards it in a strategic, step-by-step way. Sustainable product
development is when such a strategic sustainability perspective is integrated
into the early phases of the product innovation process, including life-cycle
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thinking, which is different from traditional eco-design that focuses simply
on decreasing the environmental impact of a product [22].

3

Method

The research design is based on the interactive, systemic research design
model proposed by Maxwell [26], following an interconnected and flexible
structure. The study consists of two main parts: (i) a theoretical part that
includes a review of existing literature and the application of the FSSD lens
with the purpose of increasing the conceptual understanding of what
sustainability risks are, as well as the implications for the sustainability
transition for company risk management (research question 1); and (ii) an
empirical part, including an exploratory and a descriptive study at two case
companies, with the purpose of deriving hypotheses regarding preconditions
for sustainability integration in risk management activities in practice
(research question 2), see Figure 1. The research design, focusing on two case
companies, results in limited external validity of the findings from the
empirical part of the study. This design was chosen based on the aim of
gaining in-depth insights, rather than a broad overview.
The exploratory study, utilizing a workshop session and semi-structured
interviews, was characterized by broad and open questions with the aim of
capturing a wide variety of ideas and perspectives and identifying relevant
themes and questions. The descriptive study then focused on and
investigated those themes and questions in depth. The number of interviews
and self-assessments was a result of a combination of factors: firstly, the aim
was to include employees across all levels of the organizational hierarchy.
Secondly, a point of diminishing return was reached in relation to the
purpose and scope of the study on the one hand and the required resources
on the other hand.
The two case companies are large, multinational companies located in
Sweden. They were selected because they are working with sustainability
issues beyond the level of mere compliance, without being companies that
entirely define themselves in sustainability terms. As a result, these
companies are relevant for investigating the connection between risk
management and sustainability, and, at the same time, they are
representative of a broad spectrum of companies, increasing the
generalizability of the results. This purposeful sampling method has been
previously applied within the field of corporate sustainability [4,7]. Company
A (ca. 2000 employees) is a large product innovation and manufacturing
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company in the aerospace industry, while Company B (ca. 4000 employees)
is in the construction equipment business.

Figure 1. Overview of the research methods and main outcomes of each phase.

3.1

Literature Review

As the first step, a literature review was conducted with the purpose of
mapping existing research in relation to theories, tools, and concepts for
sustainability integration in risk management. These findings were then
used to identify relevant themes, gaps, and hypotheses to be further
investigated in the following steps and to derive a first set of questions for
the exploratory interviews [27]. As sustainability risk management is a young
and rather immature area, which is not extensively researched, the literature
review started with an exploratory approach, as recommended by Karlsson
et al. [28].
Web of Science and Scopus were used to find journal and conference articles,
but also other sources were included in the review, such as books, standards,
and reports from consultancies and the Risk and Insurance Management
Society (RIMS). Key sources, based on their relevance and influence within
the topic, were used as starting points for forward and backward snowballing
to identify articles that are relevant but not precisely within the specific area.
This exploratory review resulted in an overview of the main publications,
research directions, and terminology used. It was then complemented with
a more structured review, using a search string based on the key words risk
management, sustainability, product innovation, and applicable synonyms.
The article selection process started with reading of the title; dependent on
relevance, abstract, introduction and conclusions, results, and finally
background, objectives and setup were studied [29]. A record- and a
worksheet were created, including a summary of each reviewed publication
alongside other key attributes, e.g., publication year, degree of relevance,
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which risk management sub-discipline is addressed, etc. The most relevant
publications are reviewed and discussed in Section 4.1.

3.2

Application of a Framework for Strategic Sustainable
Development (FSSD) Lens

The FSSD was used as a lens with the purpose of contributing to
understanding what sustainability risks are, as well as the implications of a
transition to strategic sustainable development on company risk
management. This framework was chosen primarily because it (i) focuses on
the root-causes of un-sustainability rather than on the symptoms; (ii)
provides a deep understanding of the full scope of sustainability; (iii)
includes a science-based definition of sustainability; (iv) is based on strategic
thinking; and (v) was designed to also be useful and operationalizable in a
company context.
While extensive research has been conducted on the development and
application of the FSSD during the past decades [23], the novel contribution
of this study is about testing if and how risk management coupled with a
FSSD perspective can support companies in handling the threats and
opportunities that rise in the transition of society towards sustainability. The
application of the FSSD lens started by reviewing the most recent sources
(published in 2015 or later) that describe the framework. Backward
snowballing was then applied, especially from [23,30], to identify other
FSSD-related articles. Some of the main elements of the FSSD, such as the
funnel metaphor and backcasting from basic sustainability principles, were
then investigated for their relevance from a risk management perspective.

3.3

Workshop Session

An exploratory workshop session was hosted with the purpose of gaining a
first insight into how people at the case companies think about risk
management and generating ideas for the following steps of the study. In
total, 12 people participated in the workshop, including representatives from
both companies and researchers from two universities. The participants
were divided into four groups. After a short introduction to the concepts of
risk and sustainability, the workshop was divided into two parts with two of
the following questions in each: (i) what are your top 5 risks from an
enterprise perspective; (ii) what are your main needs and challenges
regarding risk management; (iii) which risk categories should be considered
for your products; and (iv) can you give examples of how these risks could
be influenced by sustainability aspects? The groups would first work
individually on generating ideas for the questions and then present their
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results for each other after each part. After the workshop, the results were
compiled and sent back to the workshop participants for validation.

3.4

Interviews and
Companies

Document

Review

at

Case

To gain an in-depth insight into the case companies’ current risk
management practices and to identify opportunities and challenges for
sustainability integration, a total of 22 semi-structured interviews were
conducted [31]. Interviews were selected as the primary data collection
method, because they can capture attitudes, perceptions and other human
elements which was of high relevance for this study. Furthermore, they can
provide nuanced insights and have a high validity with practitioners [28].
In a first step, based on the findings of the literature review and the
workshop, an interview protocol was developed. Five exploratory interviews,
characterized by mostly broad and open questions, were conducted with risk
managers at different organizational levels, who were identified and
contacted with the help of a principal informant [28]. This first set of
interviews resulted in an overview of company structure, processes, and
central support tools for risk management. This overview was used to
develop a refined protocol for the following 17 descriptive interviews. Also,
it provided the necessary information in terms of relevant roles and
functions for purposive and strategic sampling. This means that both
persons with deep knowledge on risk management or sustainability and
persons with less but still some connection to the subjects were included,
which ensures variation and multiple perspectives [28]. In line with the
research questions and the purpose of the interviews, the goal was to include
roles from all levels of the organizational hierarchy, i.e., both the strategic,
tactical, and operational levels, see Table 1.
Prior to the descriptive interview phase, pilot testing was done, which led to
clarification and improvement of the interview protocol. The questions
targeted two main areas: the first part of the interview was about risk
management practices in general, while the second part addressed social and
environmental aspects in connection with risk management in particular.
The questions were slightly modified and adjusted based on the
interviewees’ roles. More specifically, the interview questions addressed the
following areas: (i) theoretical background, including the concept of risk,
how it relates to the interviewee’s work, the purpose of risk management,
and how risk management sub-disciplines are connected across the
organizational hierarchy; (ii) pure inquiry about risk management processes
and decision support tools; (iii) exploratory diagnostic inquiry, focusing on
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existing challenges and strengths; and finally (iv) confrontive inquiry about
whether the interviewee had thought about sustainability-related risks. The
set of main questions can be found in Appendix A. All interviews took about
one hour and were recorded and transcribed. The transcripts were sent back
to the interviewees for validation and they had the opportunity to make
changes to their statements, which resulted in minor changes and
clarifications. Together with meeting notes and other documentation, the
transcripts were used to create case narratives [28].
Table 1. Roles and numbers of interviewees at different organizational levels at the
case companies.
Organizational level
Strategic
Tactical

Operational

Role
Senior manager
Enterprise risk management (ERM)
process expert
Product or technology planner
Commercial director
Product cost engineer
Project manager
Product risk manager
Procurer
Process risk manager
After market manager
Environmental manager

Company
A
B
2
1

1

1
1
1
2
2
1
1
1

3
2
2
1
1
1

In the next step, the data was coded, guided by the coding scheme suggested
by Strauss and Corbin [32], consisting out of open coding, axial coding, and
selective coding. To derive the codes, an outsider approach was applied [33].
One set of codes was derived deductively, i.e., pre-defined, based on key
concepts, such as the division into risk management sub-disciplines on the
strategic, tactical, and operational levels, or the different steps of the general
risk management process as described in ISO 31000. This was complemented
by codes that were derived inductively, i.e., post-defined, directly from the
data [34]. To allow for multiple ways of structuring the data, dual coding was
allowed [29]. A total of 41 codes were defined and 694 incidents were
assigned to those codes. Following guidance by Eisenhardt [35], within-case
analysis was undertaken to acquire a depth of understanding of each case as
a stand-alone entity, before doing cross-case analysis and generalizing the
results. Comparisons, clustering, noting relations, and making conceptual
coherence, were the primary tactics for analyzing the data [34]. The
emerging relationships between key aspects were visualized with concept
maps and feedback on the networks was collected from academic
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researchers as well as industry practitioners. An example of a concept map
can be found in [36].
The interviews were complemented with a study of the companies’
operational management systems and a review of relevant and accessible
documents. This includes process descriptions for enterprise risk
management, product planning, and operational product risk management.

3.5

Development and Application of a Self-Assessment
Tool

While there are both RMMs that address risk management in general [37],
as well as models for specific sub-disciplines like ERM [38–40], or for specific
industries [41], none of these models is applicable for assessing current
practices at both the strategic, tactical, and operational levels at product
innovation companies. For this reason, a novel self-assessment tool was
developed [42]. Self-assessments are an effective way to study employees’
perceptions of practices and their current maturity levels and have been
previously applied in the area of corporate sustainable development, e.g.,
[43]. The self-assessment approach was used for data triangulation and to
complement the interviews and other methods by focusing more on the
actual risk management practices.
Oehmen et al. [18] and Olechowski et al. [44] empirically investigated the
relationship between risk management practices and overall product
development performance, as well as other risk management performance
metrics. Thereby, characteristics of successful risk management were
identified, which were used as the foundation for the self-assessment tool,
which asks the respondent to assess the current capabilities in relation to
each characteristic. The following categories are covered in the tool: (i)
organizational design experience; (ii) risk management personnel and
resources; (iii) tailoring and integration of the risk management process; (iv)
risk-based decision making; specific mitigation actions; (vi) monitoring and
review; and (vii) remaining ISO risk management principles. In addition,
category (viii) sustainability risk management, was added based on the
results of the literature review. In total, about 50 aspects are included in the
tool within the categories. For each aspect, the respondent both assesses the
current capabilities and the degree of certainty of that assessment on a 1–10
scale, indicating how much weight this assessment should be given.
In total, 14 people at the case companies filled in the self-assessment, which
was slightly adjusted to fit the strategic, tactical, and operational levels,
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resulting into three versions of the tool. An excerpt is presented in Table 2;
a list of all aspects can be found in the Supplementary Material.
Table 2. Excerpt of the self-assessment tool for risk management practices. Based on
characteristics of successful risk management identified by Oehmen et al. [18] and
Olechowski et al. [44].

Category

I.
Organizational
Design
Experience

No.

1

2

3
II. Risk
Management
Personnel and
Resources

4

5

6

III.
Sustainability
Risk
Management

7
8

9

Aspect
The group of people
carrying out ERM
activities is familiar with
key technologies
The group of people
carrying out ERM
activities is familiar with
the supply chain
Employees are motivated
to perform/implement
ERM
ERM has available,
qualified experts to
implement the process
There are sufficient
resources (money, time
etc.) and personnel to
conduct ERM
Societal trends are
identified, monitored,
and considered in risk
management
There is a clear
understanding of what
sustainability risks are
Sustainability risks are
systematically identified,
assessed and treated
Connections between
sustainability risks and
other risks are actively
managed

1 = Very Low
Degree
10 = Very
High
Degree

1 = Very
Uncertain

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

1-10

10 = Very
Certain
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4

Results and Discussion

4.1

Literature Review

Sustainability risks result from environmental or social issues. In the
literature, six categories for sustainability risks have been proposed: physical,
regulatory, litigation, competitiveness, reputational, and supply chain risks
[45]. Except for some early attempts by Lindahl [46], who proposed an
integration of environmental aspects into Failure Mode and Effect Analysis
(FMEA), the field of sustainability risk management gained recognition first
in conjunction with Dan Anderson’s book “Corporate Survival—The Critical
Importance of Sustainability Risk Management”, which was published in
2005. The book provides numerous examples and describes in detail how
companies are affected by sustainability risks.
A few years later, Palousis et al. [45,47] presented the sustainability risk
assessment (SRA) framework, which still can be considered as one of the
most comprehensive works in the field. It focuses specifically on product
development and includes a suggestion for the underlying mechanisms of
how sustainability risks affect companies and product development. The
SRA framework is based on an integrated bottom line (IBL) perspective,
which means that social and environmental aspects are treated as functions
of the economic domain. This is different to the triple bottom line (TBL)
approach [48], in which the environmental, social, and economic domains
are considered as separate and equally important. The IBL perspective
implies that social and environmental issues that do not affect the economic
bottom line are not considered sustainability risks. Instead, the
identification of sustainability risks is tied to a line of cause and effect
reasoning to establish the connection between the environmental and social
domains and the economic domain. According to Palousis et al. [47], for a
social or environmental issue to be considered a sustainability risk, the
following three conditions must be fulfilled: firstly, the environmental
impact of a product or concept, analyzed through life-cycle assessment
(LCA), must contribute to an unsustainable trend, for example climate
change. Secondly, there must be some societal response in relation to that
trend, for example regulation, emission taxes, consumer boycott, etc.
Thirdly, this societal response must have an effect on the life-cycle cost of
the product or concept, for example through increased material,
transportation, or manufacturing costs. The cause and effect chains are
visualized and assessed with so called sustainability risk trees, which can be
used to make statements like: ecotoxicity due to the emissions of heavy
metals leads to tougher political action, resulting in the ban of a certain
substance, leading to increased material and manufacturing cost of the
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product. The likelihoods and effects of each link in the chain are assessed,
which, in the end, results in the sustainability-adjusted life-cycle cost as the
final output. This shall then be used to improve the design, for example
through substituting critical materials, or to choose between different design
concepts.
Krysiak [49] discussed the connection between the concepts of risk
management and sustainability in more general terms. He proposed to use
a fairness-based criterion of sustainability under uncertainty, which provides
a link between risk management tools and sustainable development. In 2011,
Herva et al. [50] combined ecological footprint with environmental risk
analysis, however, the scope was limited to the exposure to hazardous
substances and resulting human health risks. Merad et al. [51] used a multicriteria decision aid methodology to assess corporate sustainability and
related risks. In the conceptual paper by Wong [52], it is discussed how nonfinancial risk management can contribute to corporate sustainability and
what challenges have to be overcome. Hallstedt et al. [53] proposed a new
method called sustainability assessment and value evaluation (SAVE). Based
on a strategic sustainability assessment and net present value analysis,
scenarios for future manufacturing costs are derived.
More recently, Gargalo et al. [54] presented a multi-level framework for
techno-economic and environmental analysis through risk assessment to be
used in early design phases. In the same year, Anand et al. [55] proposed a
framework for sustainability risk assessment of mechanical systems in the
concept design phase, using sustainability risk parameters and a newly
developed index to evaluate different design concepts. Cucuzzella [56]
critically discussed the relationships between sustainable design, creativity
and risk management. Schulte and Hallstedt [10] mapped challenges for
sustainability integration in risk management, including managerial
challenges and challenges that are due to the intrinsic properties of
sustainability risks.
At the enterprise risk management level, the importance of considering
sustainability risks is increasingly acknowledged and several approaches for
integrating sustainability into existing frameworks have been presented [57–
62], as well as entirely new frameworks and methods [63,64].

4.2

Risk Management within the Framework for
Strategic Sustainable Development

A funnel metaphor is used in the FSSD to visualize and explain the dynamics
of the sustainability challenge and the necessary transition to a sustainable
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society, see Figure 2. The decreasing cross-section of the funnel represents the
systematic decline of the social and ecological systems’ potential to support
human civilization, leading to a decrease of the room for maneuver. It is
worth emphasizing that the decline is systematic: the situation is getting
worse and worse as, on global average, the world is losing biodiversity,
forests, trust, etc., i.e., violating the basic sustainability principles introduced
earlier. The vision, represented by the funnel turning into a cylinder in
Figure 2, is to reach a state where the ecological and social systems are no
longer systematically degraded, which means compliance with the SPs. Over
time, society could restore some of the caused damage and increase the room
for maneuver, which is indicated by the increasing cross-section of the funnel
on the right in Figure 2 [23].

Figure 2. The funnel metaphor within the FSSD and its implications for company
risk management. Adopted from Broman and Robèrt [23]. (1) current unsustainable
development; (2) transition towards sustainable development; (3) a sustainable
society.

The funnel metaphor has far-reaching implications from a company risk
management perspective: as society is currently moving closer and closer
towards the walls of the funnel, which represent a collapse of human society
(point 1 in Figure 2), the risk profiles of companies change. Assuming that
people eventually realize the increasing threats for survival and the need for
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a transition, sustainability risks for companies will become more and more
prominent. Companies that contribute to the problem, violating the SPs,
face increasing threats in terms of (i) damage to reputation and brand; (ii)
regulatory change; (iii) failure to innovate and meet stakeholder needs; (iv)
third-party liability; (v) failure to attract and retain top talent; and (vi)
supply chain disruptions, all of which lead to reduced competitiveness
[10,65]. The likelihood and severity of such threats will just increase for
unsustainable companies as society approaches the walls of the funnel.
Also, considering the semantics of ‘sustainability’, there are only two
possible outcomes over time: either society will reach a sustainable state, or
it will perish. As the pressure and incentives for change will become
immense in the face of catastrophe, a transition towards sustainable
development (point 2 in Figure 2) is inevitable. Companies must make the
transition at this point, becoming part of the solution instead of the problem.
Otherwise, if they fail to react to the turning tides of sustainability risks and
the sustainability-driven market, they will be outcompeted and drown. This
is certain, as, by definition, a long-term successful company in a sustainable
society is not dependent on solutions and actions that contribute to
violations of the SPs (point 3 in Figure 2) [23]. Therefore, it is derived that
increasing threats for society lead to increasing threats for companies that
enforce unsustainable development.
At the same time, society moving closer towards the walls of the funnel also
leads to an increasing urge for products and solutions that can turn the
direction of development towards the opening of the funnel. As a result, new
innovation possibilities and sustainability-related opportunities open up for
companies that create stakeholder value with operations and solutions that
serve as stepping stones towards compliance with the sustainability
principles. These companies are more likely to benefit from a good
reputation, being ahead of legislation, and attracting top-talented, loyal and
motivated employees, while being less susceptible to changes in resource
availability and cost. Therefore, it is derived that increasing threats for
society lead to increasing opportunities and decreasing threats for companies
that contribute to strategic sustainable development.
Hence, in contrast to the common belief that sustainability efforts only pay
off if shared by all actors, there is a significant self-benefit, i.e., business case,
of sustainability proactivity that is direct and independent of what other
actors, including legislators, do [30]. Also, numerous examples have shown
how proactive companies can push legislators to implement harsher
regulation, as they would be affected relatively less than passive companies,
resulting in a competitive advantage. However, there is a balance to strike
between being too passive, falling behind competitors, and being too
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proactive, risking not getting a sufficiently high or timely return on
investment (ibid.) Based on this reasoning, sustainability risks can be defined
as threats and opportunities that are due to an organization’s contribution or
counteraction to society’s transition towards strategic sustainable
development.
Strategic sustainability risk management could enable companies to
anticipate the direction of change by understanding the long-term vision,
including compliance with the sustainability principles, and to both avoid
related threats, but also actively exploit business opportunities that appear
in the transition. Therefore, it is important to point out that it is not only
about avoiding un-sustainability. It is as much about taking leadership by
understanding how the company can contribute to society’s transition
towards sustainability. This is different to mere transition survival, which
also requires action, but not necessarily leadership, as such action may be
reactive and primarily focus on avoiding threats, rather than being proactive
and exploiting opportunities as well.
4.2.1

Perspectives on Sustainability Risks

Even though sustainability is often referred to as including an ecological,
social, and economic dimension, it is important to recognize the nested
dependencies between them [66]: thriving business is dependent on a
prospering society, which in turn is dependent on a healthy and functioning
environment. Sustainability risks can, therefore, be viewed from different
perspectives. From a societal perspective, the economic system is only a
means to achieve social and ecological sustainability, but it is not a necessity
for reaching a sustainable state. Based on this perspective, societal
sustainability risks are primarily threats and opportunities related to the
ecological and social systems’ ability to support the fulfillment of human
needs, e.g., in terms of access to clean water, climate stability, or biodiversity.
From a company perspective, which is the main focus of this study, the main
objective is to sustain the company within the economic system through
stakeholder value creation. From this perspective, it is primarily about the
risk of the societal sustainability transition on company objectives, meaning
that the sustainability transition is a source of uncertainty, see Figure 3.
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Figure 3. Nature, society, and business are nested, interdependent systems in which
the sustainability transition is a source of uncertainty. The effect of this uncertainty
on company objectives (left side) is dependent on the company’s contribution or
counteraction to strategic sustainable development (right side).

4.3

Risk Management Practices at Product Innovation
Companies

4.3.1

Risk Thinking and the Concept of Risk

All interviewees were familiar with the concept of risk and risk thinking and
consider it to be an integrated and natural part of their daily work. Several
respondents, even some that have no formal risk management role, said that
“risk management is all that I’m doing” (senior manager at Company B).
However, the respondents were sampled as they should at least have some
connection and knowledge about risk management. Hence, this mindset and
these answers are not representative for all employees at the companies. In
fact, the interviewees state that many people have difficulties applying a risk
perspective to their work and think that it “needs to be de-dramatized and
made tangible” (after market manager at Company B). Still, capabilities for
risk management in general are perceived to have improved over time.
Threats and opportunities were considered as “two inseparable sides of the
same coin” (several respondents), in part because threats can be turned into
opportunities through mitigation actions. The work in practice is, however,
mostly focusing on potential negative events, i.e., threats. There are
exceptions, mostly cases in which the project leader had a special interest or
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training in risk management, and the interviewees described that actively
working with the opportunity side was appreciated by the employees as it
can open up new perspectives. Also, the experiences from those cases were
that it “[ . . .] went well and we actually made certain decisions to exploit some
of the opportunities” (risk manager at Company B). The use of terminology
is, however, inconsistent and leads to some confusion as some interviewees
are talking about positive and negative risks, others about threats and
chances, or risks and opportunities.
Hypothesis 1. Sustainability risks should be made as tangible as possible.
Hypothesis 2. Highlighting both the threats as well as the opportunities
dimensions of sustainability risks could facilitate the introduction of
sustainability risk management.
4.3.2

The Purpose of Risk Management

In general, the purpose of risk management is not at all said to be the
creation of a risk-free enterprise: “We always have risks. A completely riskfree company would not be successful and definitely not creative and
innovative. It’s about making the right decisions. We need risk management,
so we get the information our decision-makers need to make the right
decisions” (senior manager at Company B). On the strategic level, ERM was
initially perceived only as a compliance issue, but, over time, it evolved into
a value-creating process with two purposes. Firstly, it is about strategy:
“There is a current state and a future state. There is a gap between them and
the question is how to move from the current state to the future state. [ . . .]
ERM is about ensuring that the long-term strategy can be realized” (ERM
expert at Company A). ERM is used to manage the risks that are inherent in
all actions to bridge the gap. This also means that ERM includes a
backcasting perspective. Secondly, the purpose of ERM is also to “[...] ensure
the current operational capabilities that we have today” (ERM expert at
Company A). Hence, “at the end of the day, all risks are in some way measured
in terms of a) profitability or b) sustainability. And when I say sustainability,
I’m not talking about the world, but about the company” (senior manager at
Company B). This description is well in line with the definition of ERM by
COSO (Committee of Sponsoring Organizations of the Treadway
Commission) [67].
On the tactical level, the purpose of risk management in product- and
technology planning is about “[ . . .] balancing the portfolio regarding risk”
(Product planner at Company B), which includes both financial aspects, but
also the strategic fit of development projects.
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On the operational level, within projects, the purpose of risk management is
described as “[ . . .] making sure that project goals, mainly in terms of time,
cost, and quality, are met” (project manager at Company B). In the actual
product development, risk management is used to ensure that “[ . . .]
requirements, e.g., in terms of compliance with regulation and standards, or
customer needs, are met and that remaining risks are manageable or
acceptable” (product developer at Company B).
On the manufacturing level, a process risk manager at Company A explains
that risk management is used to check that the company can “[. . .]
manufacture products in line with the requirements of the technical drawing”.
In summary, the descriptions of the purpose of risk management on all levels
are perfectly in line with the definition of the ISO 31000 standard: it is about
managing the effect of uncertainty on objectives. The only difference
between the organizational levels is that the objectives look differently, for
example long-term strategic goals, or specific product requirements.
Hypothesis 3. Sustainability risk management can build on the ISO 31000
definition of risk as the effect of uncertainty on objectives.
4.3.3

Connections across Organizational Levels

In general, the interviewees’ understanding of how risk management subdisciplines are connected across the organizational hierarchy was mostly
limited to the areas that are close to a person’s role. Product developers, for
example, clearly saw a connection between the product risks that they are
working with and project risks. The full picture of how risks are linked all
the way from product risk management to ERM was, however, unclear.
Interviewees at both companies provided consistent answers stating that
risks are escalated upwards in the organizational hierarchy, if they exceed a
certain level regarding consequences and likelihood. Thereby, it is ensured
that important risks are dealt with at the right level and that decisions are
made by people with the corresponding responsibility. This bottom-up
escalation of significant risks is mostly formalized and included in company
processes and tools, which was confirmed by the document review.
However, no corresponding top-down flow of risks was identified in the
processes, nor did the interviewees mention such a flow or a need for it.
“If we work with risk management the right way, we start with targets and
requirements” (risk manager at Company B). Therefore, the interviewees
were asked how the objectives that they are working with on their level are
derived, representing the anchoring point for risk management. Based on
the answers, two main pathways for how objectives are derived emerged.
Pathway one has its source in the company vision and purpose, which can
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be based on, for example, core values, CEO commitment for certain issues,
or company heritage. The resulting internal objectives do not necessarily
need to contribute to a business case, as they are part of the company
identity and how the company defines itself. Pathway two is rooted in
stakeholder value creation. It can be argued that the main purpose of a
company is to create value for stakeholders within the societal system it is
operating in [68]. As emphasized by the interviewees, this includes both
external stakeholders, such as customers, regulators, and the local
community, as well as internal stakeholders, for example employees and
company owners. All of these stakeholders have needs or requirements,
which can be either direct, such as compliance with legislation, or in relation
to value drivers, which is the case for customers. Examples of customer value
drivers include product reliability, maintainability, purchasing cost, image,
and efficiency. For internal stakeholders, value drivers can be decreased
production cost, higher resilience, reputation, employee motivation, etc. In
contrast to objectives derived through pathway one, companies set
objectives based on stakeholder value creation only if they contribute to a
business case through either short-term profitability (e.g., lower cost or
increased sales) or long-term competitiveness (e.g., strategic fit or being
ahead of legislation).
The ability to translate the company vision and stakeholder value creation
into tangible objectives is, therefore, the foundation and a prerequisite for
effective risk management. “We never get better than our requirements. If
requirements for some aspect are missing, it won’t be addressed” (risk
manager at Company B). The interviewees state that objectives, with some
exceptions, start at the top with the vision and strategy and interpretation of
stakeholder needs. These high-level objectives are then broken down and
cascaded top-down to derive objectives for portfolios, projects, and to set
specific product requirements. Hence, objectives and risks constitute two
supplementary flows, where objectives are cascaded top-down to translate
strategic commitments into practice to reach the vision, while risks are
escalated bottom-up to manage uncertainty that can affect the achievement
of the objectives on each level (Figure 4).
Hypothesis 4. Establishing the connection between stakeholder value
creation and the company’s contribution or counteraction to strategic
sustainable development is of key importance for sustainability risk
management. This requires the integration of sustainability into objectiveand requirement-setting and the cascading of those across the organizational
hierarchy.
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Figure 4. The connections between objectives and risks across the levels of the
organizational hierarchy.

4.3.4

Processes and Support Tools

Formalized processes that include risk management activities are in place on
all levels at both companies. ERM is further divided into hierarchical levels,
e.g., site level, business unit level, and company group level. While Company
A has a highly formalized and well-developed ERM process based on
backcasting from the company strategy, Company B is struggling with the
integration of ERM and other existing processes on the strategic level,
according to the ERM expert. It is, for example, unclear which time
perspective ERM should apply. There is active work ongoing at Company B
to increase the maturity of ERM and to develop a more systematic process.
On the tactical level, there is no distinct risk management process; however,
a risk perspective is integrated into other processes and tools, for example
business case development, customer buying criteria, and competitive
intelligence.
On the operational level, project and product risk management are
described in detail in the companies’ operational management systems,
where product risk management is coupled to the stage-gate development
process. Especially the respondents at Company B perceived the processes
to be very systematic, mature, and mostly followed in practice. However,
several interviewees noted that there is variation in the quality of performed
risk management activities. The awareness and attitude of the project leader,
as well as varying top-down demand from managers are considered as the
main reasons for the variation. Also, while the value of formalized processes
is clearly acknowledged, several interviewees emphasize the importance of
experience and sometimes gut feeling for risk-related decision-making,
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especially on the strategic and tactical levels. Therefore, processes’ degree of
formalization has to be balanced with flexibility and leaving room for
experience. Regarding support tools, it is noticeable that qualitative and
deterministic tools dominate, even though there are some thoughts at both
companies on slowly introducing some quantitative and probabilistic tools,
for example Monte Carlo simulation. Brainstorming exercises and risk
matrix templates, sometimes combined with pre-defined risk categories, are
the most used tools within ERM. In product and technology planning, there
are no pure risk management tools, but many tools include a risk dimension,
for example PESTEL (political, economic, social, technology, environment,
legal) analysis and the assessment of customer buying criteria.
On the operational level, FMEA is the central tool at both companies. In
some cases, it is complemented through other traditional risk management
tools, such as fault tree analysis, 5 Why, and Ishikawa diagrams. Risk
management is also integrated within procurement and is part of the
supplier evaluation and selection process.
Guiding questions are appreciated on all levels as a complement to the tools.
The tools are in general perceived to be functional. The challenge is rather
said to be about making people use the tools in value-adding ways, instead
of as box-ticking activities. Also, clear objectives are needed as the anchoring
point for any risk-management tool.
Hypothesis 5. A sustainability perspective should be integrated into existing
processes and, at least initially, traditional, mostly qualitative tools.
4.3.5

Challenges and Success Factors

Competence and awareness are key factors for building a risk-aware culture
and overall effective risk management as pointed out by a senior manager:
“[. . .] 1. Awareness and 2. Competence. If you can fix or protect those two,
the rest becomes really easy”. Setting targets is considered as crucial for
creating awareness, just as training is for developing competence. Selective
hiring and the proper introduction of new employees are additional
important factors. Many of the other challenges are a result of a lack of either
competence or awareness, for example managers’ request for high-quality
risk activities. However, managers also make the point that “Risks are far
away in time; we have problems now” (product planner at Company A). Other
general challenges and success factors mentioned in the workshop or by the
interviewees include (i) de-dramatizing risk management and making it
more tangible; (ii) risk management can be bureaucratic and timeconsuming and a ticking-box activity, rather than a value-adding one; (iii) a
lack of a clearly defined risk appetite and guidelines for which risks that must
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be mitigated; (iv) too much time spent on risk identification and assessment,
while too little on risk mitigation; (v) too much focus on obvious and known
risks; (vi) assigned persons that can follow up on risks; (vii) easier support
tools to lower the threshold for people to engage with risk management;
(viii) the allocation of resources and prioritization of risk management; and
(ix) lack of documentation as risk management often is done only in the head
of people.
For ERM specifically, the volatility, complexity, and unpredictability of
today’s business environment is making long-term planning and risk
management very difficult. Also, the identification of risks, especially black
swan risks [69] is a challenge, as well as the assessment of many emerging
risks, such as reputational risks and sustainability risks, as they are
characterized by deep uncertainty [70]. This is also true for procurement
staff, who is acknowledging the importance of new kinds of risks like CSR
(corporate social responsibility) and sustainability, but is struggling with
integrating them in practice, especially with small suppliers.
Success factors on the operational product development level are pointed
out as starting early and working continuously with risk management. A
leaner way to work with FMEA, including some reuse, is also asked for as
many of the risks are the same for different projects and products. While the
importance of experience was pointed out as important (see Section 4.3.4),
formalized mechanisms for knowledge sharing and lessons learned in
relation to risk management are missing at both companies. FMEA and risk
registers were suggested to be used as vessels to build and carry experience
within the companies.
With the help of the self-assessment tool, additional areas of strengths and
weaknesses in relation to characteristics of successful risk management were
identified. The complete results of the self-assessment are presented in the
Supplementary Material. In general, the outcomes are in line with and
complement the results from the workshop and interviews well. Aspects that
were rated highly include (i) quantification of probabilities and
consequences on scales of, for example, 1–5; (ii) risk management
contributing to continuous improvement; and (iii) risk management teams
being cross-functional. On the other hand, aspects that have received the
lowest scores are: (i) the opportunity side of risk being systematically and
effectively considered; and (ii) risk management contributing to setting
better goals and more realistic objectives. The self-assessment results also
confirm the findings regarding the flow of risks between organizational
levels (see Section 4.3.3). The aspect “we coordinate and integrate risk
management activities of different functions and across the hierarchy”
received high scores on the strategic level by people within ERM, while the
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corresponding aspect on the operational level “risk management is
integrated with higher-level risk management processes” was rated rather
low by people within project management and product development. These
results strengthen the findings presented in Figure 4: important risks are
escalated to the ERM level, hence, ERM actively taking risks from other
functions and levels of the hierarchy into account receives high scores. At
the same time, there is no direct flow from ERM to other risk management
sub-disciplines as risks are not cascaded top-down. As a result, people on the
operational level do not see, for example, product risk management to be
integrated with higher-level risk-management processes.
Hypothesis 6. Increasing the awareness of the existence and importance of
sustainability risks, e.g., through rough but simple methods, is one of the most
important first steps.
Hypothesis 7. Including a long-term perspective in risk management is of
major importance for integrating a sustainability perspective, but it is also a
major challenge.
Hypothesis 8. Sustainability risk management needs to be value-adding and
also provide guidance for how to mitigate sustainability-related threats and
exploit opportunities.

4.4

Preconditions for Sustainability Integration into
Risk Management

4.4.1

Integration of Sustainability into Risk Management

The term “sustainability risk” was largely unknown at both companies, but
the workshop participants agreed that such risks are relevant and that there
should be a category for social and environmental risks. However, several
interviewees pointed out that a necessary prerequisite is “a shared
understanding of sustainability, which definitely does not exist at the company
today” (project manager at Company B). While the importance of
sustainability issues for long-term company success is very much
acknowledged, as also found in a previous study [5], the actual content of
sustainability is perceived to be unclear and just “many nice words” (manager
at Company B). An enterprise risk manager at Company A added that a
holistic perspective is missing: “people think of sustainability more in terms
of the emissions that we have locally at our site”. After creating a shared and
holistic definition of sustainability at the companies, the second step would
be to “make people understand that there are risks for the company related to
these sustainability issues” (senior manager at Company B). However, after
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getting deeper into the discussion, it became clear that several social and
environmental risks already are considered, for example in relation to
reputation, legislative change, employee motivation, and attracting top
talent. “These risks are a big part of my work. How do I know that the processes
that we are using today will be allowed in 5, 10, or 20 years?” (product planner
at Company A).
The workshop participants also recognized that most of the companies’
important risks can be influenced by sustainability issues, e.g., material
costs, supply-chain disruption, and market competitiveness. The
inevitability of the sustainability transition is acknowledged, as pointed out
by a product planner at Company B: “If you want to run a profitable business,
you must be aware of environmental issues. We see that, over time, society will
get to circular economy and sustainability, even if we are not there yet”.
Furthermore, the self-benefit of sustainability proactivity is also understood
to some degree: “We show that sustainable solutions are possible and thereby
help legislators to see that the technology actually exists. Then they dare to
pass tougher laws, which will give us a competitive advantage. We will be able
to comply with them more easily than our competitors” (product planner at
Company B). Still, as an engineer at Company A said: “[the] work with
sustainability risks is not structured and systematic”. Challenges specifically
for integrating sustainability into risk management, mentioned by the study
participants, are (i) the difficulty to measure and make sustainability
tangible; (ii) sustainability integration requiring a long-term planning
perspective, which must be balanced against short-term priorities; (iii)
“sustainability assessments easily become complex and time demanding”
(process risk manager at Company A); in part as (iv) “a systems perspective
that considers the whole life-cycle, value chain, and all actors” (project
manager at Company B) is required; and, therefore, (v) “it is difficult to
simplify and communicate” (environmental manager at Company A).
Hypothesis 9. The concept of sustainability risks is largely unknown. While
some environmental and social risks already are considered, sustainability
risks are not systematically and strategically identified and managed.
4.4.2

Sustainability Risks Affecting Product Innovation Companies

Key for integrating a strategic sustainability perspective into risk
management is to understand and clarify how sustainability risks affect
product innovation companies: “if the effect for the business is not clear,
people will not care about sustainability risk” (enterprise risk manager at
Company A), because, as one manager put it, people are “so occupied with
struggling to live up to the requirements specification that it is hard to think
about mining in the Amazon area at the same time”.
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Based on the investigation of current risk management practices, especially
regarding the connections between risks and objectives on different
company levels (Section 4.3.3), two steps are needed to make sustainability
risks tangible and operationalizable. Firstly, companies need to assess how
their objectives can be affected by sustainability issues. This includes both
internal objectives derived from the company vision and purpose, and
objectives which are based on stakeholder value creation. It is important to
note that this is not limited to the effect on distinct sustainability objectives,
but on all kinds of objectives. For example, in relation to customer value
drivers and resulting product requirements, affected objectives could be
durability, total cost of ownership, reliability, resale value, etc. Secondly,
once the relationships between stakeholder value, objectives, and
sustainability issues are established, effective tools for how to assess and
manage sustainability risks are required.
However, the interviewees pointed out difficulties for quantifying and
assessing such risks due to the complexity of sustainability issues, requiring
a systems- and life-cycle perspective to avoid sub-optimization. Within
product innovation, considering sustainability risks early on, before
concepts are chosen and many parameters get fixed, was emphasized as a
decisive success factor. This was also found to be the problem with LCA,
which was tested at one of the companies, as LCA requires detailed
information, which is available first in the later stages of product
development. However, once this information is available, it is usually too
late to go back and make changes based on the LCA results. Suggestions from
the interviewees on how to get started with sustainability risk management
include: (i) developing a rough and easy way to identify sustainability risks,
for example with the help of guiding questions or a new risk category, to
raise awareness; (ii) establishing a support function at the company that can
train and help employees and teams, who are working with sustainability
risk management; (iii) doing simplified LCA in the concept selection phase
and mapping how hot-spots of sustainability impact can affect stakeholder
value; and (iv) making a screening of which and how objectives in general
and customer value drivers specifically can be affected by sustainability
issues.
Hypothesis 10. In product development, sustainability risk management
should start early and should then be conducted continuously throughout the
process.
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5

Conclusions

This study has reviewed the existing research on sustainability risk
management and applied the FSSD as a lens to improve the understanding
of the implications of the sustainability transition for company risk
management. A workshop session, document review, as well as exploratory
and descriptive interviews were conducted at two product innovation
companies to gather empirical data and derive hypotheses regarding current
practices and preconditions for sustainability integration in risk
management across the organizational hierarchy. Both parts of the study
indicate that a risk management perspective could be useful to
understanding and addressing sustainability-related challenges from a
company perspective. This is further elaborated on in the following sections.

5.1

Implications of the Sustainability Transition for
Company Risk Management

Based on the funnel metaphor of the FSSD, a new definition was proposed,
stating that sustainability risks are threats and opportunities that are due to
an organization’s contribution or counteraction to society’s transition
towards strategic sustainable development.
As the awareness and perceived threat of an ecological and social collapse
grow, due to the downstream impacts from the violation of the sustainability
principles, risks will inevitably turn into increasing threats for those
organizations that are relatively large part of the problem. It is their relatively
large and polluting use of resources, their responsibilities in face of new
legislation, and their brands, that are facing the largest threats. At the same
time, sustainability-related opportunities are increasing for companies who
can apply the same basic sustainability principles to foresee changes that are
inevitable on markets to come. This is not only about internal stakeholder
value and costs, but also about preparing for new demands by innovatively
creating new value offers for customers and other external stakeholders on
more and more sustainability driven markets. This means helping others to
avoid violating the sustainability principles, for example, by offering modern
energy and transportation systems, more effective means of supply chain
management, healthy food, etc.
These dynamics of the sustainability transition are increasingly understood
also by the investment sector. For example, Nordea, one of Scandinavia’s
largest asset managers with more than €300 bn in assets under management,
recently investigated how Sweden’s largest publicly traded companies live
up to the Paris Agreement. Risk management was the reason, as Nordea
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wanted to gain an overview of which companies that are more likely to be
winners in the sustainability transition, and direct investments accordingly
[71]. Investments in companies that are dependent on unsustainable
practices come with an increasingly large threat. This is especially true as the
funnel walls are not smooth and predictable. Both the ecological and social
systems, as well as the market, can and often do show non-linear behavior
with abrupt changes [30]. In the investment sector, some formal methods
and tools are in place, such as ESG-analysis (Environmental, Social, and
corporate Governance), the Principles for Responsible Investment (PRI), and
the Equator Principles (EPs), which aim to include some aspects of
sustainability into financial risk management. However, it is worth
emphasizing that blind proactivity and simply decreasing company
sustainability impact are not enough. Efforts also need to be strategic: they
must be stepping stones that lead towards the vision of a sustainable society,
framed by the basic sustainability principles. Therefore, only understanding
a company’s current contribution to society’s violations of the sustainability
principles is not enough to assess its risk profile. It needs to be
complemented with an assessment of the company’s strategy for how to
move forward and navigate in the sustainability transition.
The policy-environment will certainly influence the speed by which change
may happen, but the direction of change can be foreseen by understanding
the basic mechanisms of the funnel dynamics. The ideal position is to be in
a smart zone between being too pro-active and too passive. Risk
management could be a key element for finding and maneuvering in this
smart zone. When the company becomes too pro-active, threats increase by
not getting return on investments in time; for example, not attracting
enough customers in time, or by substitutions to more sustainable options
that are implemented too much and too early, before learning curves have
pushed prices down. Correspondingly, when the company becomes too
passive, threats increase; for example, in the form of high opportunity costs
from failing to see how the sustainability transition is making current
practices increasingly obsolete, resulting in costly fire-fighting later on when
the market changes are too abrupt to allow for gradual and step-wise
changes. Thereby, sustainability risk management would establish an
equilibrium that could guide companies and product innovation in
contributing to strategic sustainable development, both of the company as
such and of society at large.
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5.2

Risk Management Practices and Preconditions for
Sustainability Integration

The study participants at both companies were familiar with risk thinking
and management and considered it to be an important part of their work.
However, both in the literature and among the study participants, the
understanding of what sustainability risks are and how they affect product
innovation companies is limited.
The investigation of the connections between different organizational levels
found that risks are almost entirely escalated bottom-up across the
hierarchy, while the corresponding top-down flow consists of the objectives
which risk management by definition is based on. The function of risk
management is to ensure that objectives on each organizational level are
achieved. Effective risk management is, therefore, dependent on having set
the right objectives.
While existing literature has focused on the potential effects of sustainability
issues on the life-cycle cost of a product [47], the results of this study suggest
that sustainability risks need to be managed in relation to all kinds of
objectives on all organizational levels. This leads all the way back to assessing
how sustainability issues can affect stakeholder value, both internal
stakeholder value, including but not limited to cost, and external
stakeholder value, such as the product properties desired by the customer.
Thereby, this study proposes a shift from focusing on cost to focusing on
value as the anchoring point for sustainability risk management.
While the sustainability transition primarily is a source of uncertainty from
a company perspective, it remains unclear which approach is more effective
for the introduction of sustainability risk management in practice. Either,
sustainability risks could constitute a new risk category, which could be
perceived as clearer and easier in a company context, or a sustainability
perspective could be integrated and applied on all existing risk categories,
which would highlight the connections between the company’s contribution
or counteraction to strategic sustainable development and achievement of
objectives.
In conclusion, the managerial implications of these findings are: (i) a shared
understanding needs to be created of sustainability in general and
sustainability risks in particular; (ii) a strategic sustainability perspective
needs to be systematically included into company strategy and objectives,
which have to be cascaded into requirements for product innovation projects
and products, to create a red thread across the organizational hierarchy; (iii)
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the driving forces for working with sustainability risks must be clarified by
identifying how sustainability issues can affect internal and external
stakeholder value; and (iv) there is a lack of practical tools for how to
systematically and effectively identify, assess, and manage sustainability
risks in practice. By addressing these four consecutive challenges, a strategic
sustainability perspective can be integrated into company risk management,
increasing company competitiveness, while leading the transition towards a
sustainable society.

5.3

Limitations and Future Research

This study utilized a literature review and the application of a FSSD lens, as
well as exploratory and descriptive methods at two product innovation and
manufacturing companies in Sweden. The generalizability of the findings
from the empirical study is, therefore, limited. However, the purpose of the
study was to acquire a depth of understanding rather than a broad overview.
Areas for ongoing and future research are to investigate how a strategic
sustainability perspective can be integrated into company objectives and the
requirement setting, and how the relation between internal and external
stakeholder value and sustainability can be clarified and assessed from a riskmanagement perspective. Prescriptive research is also needed to develop
tools and methods that can be validated and tested in practice. Finally, other
existing frameworks and concepts, such as Planetary Boundaries and the
United Nations Sustainable Development Goals, may also be interesting to
investigate from a risk-management perspective.
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Appendix A: Interview Questions
General Information
What is your role at the company?
How long time have you been working at this company?
Theme I: Current Risk Management Practices
1.1. Risk Thinking and Overall Working Structure
1.

Can you name a few examples of risk thinking or risk management in
your daily work?

2.

How would you briefly summarize the goal of risk management in your
work?

3.

At what points in the product innovation process are risk management
activities performed (the interviewee is shown a picture of the different
stages of the product innovation process as described by Roozenburg
and Eekels [72]) (product developers only)?
(a)

Where in the process are you (the interviewee) mostly
working?

4.

On a scale of 1–10, where 10 means that risk management activities are
a continuous part of all product development stages and 1 means that it
is only performed at one point during product development, where
would you place the company? Can you explain (product developers
only)?

5.

If you do work with risk, is there any documented process for how such
risks shall be identified, analyzed and treated?
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6.

(a)

How important is that documented process for the daily work?

(b)

How systematic would you say that this work is?

(c)

How formalized would you say that this work is?

If you do not work with any risk thinking or risk management activities
today, in what way could it be relevant to work with risk management
in the future?

1.2. Risk in Connection to Objectives
7.

8.

9.

In the function you are working, how would you define risk?
(a)

Are opportunities considered to be a part of risk?

(b)

Would you consider this to be a shared definition of risk within
this function?

What is it that is at risk? Or in other words, risk in relation to what?
(a)

If this includes goals or objectives, where are those defined?

(b)

How much of this is internal and how much is external?

How do you categorize, classify, or group risks?
(a)

10.

Where does this categorization come from?

How would you describe the connection between risks in your work
and risks at other levels of the company?
(a)

If you do not see any connection today, do you think that there
should be a connection? How could that look like?

1.3. Decision Support for Risk Management
11.

What decision support tools do you use for risk management in the
different steps of the risk management process (the interviewee is
shown a picture of the general risk management process from the ISO
31000 standard)?
(a)
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12.

(b)

If yes, how well do you think these tools work? How could
these tools be improved? In what way do you think that they
are good?

(c)

If no, do you think you could benefit from a support tool for
managing risks? What would such a tool need to look like?

How do you assess and/or quantify risks? Do you use price, quality or
something else to translate a risk?

1.4. Perspectives
13.

What time perspective do you use in risk management activities?
(a)

How do you balance short-term versus long-term risks?

(b)

Do you have an idea for how a long-term perspective can be
included?

1.5. Challenges and Opportunities
14.

What do you think works especially well with your work in relation to
risk management today?

15.

What do you perceive as the main challenges for working with risk
management in your role today?

16.

What improvement suggestions do you have regarding current risk
management practices?

17.

What could be success factors for improved risk management?

Theme II: Sustainability Risk Management
18.

When I say “sustainability risks”, do you have an idea of what that could
be?
(a)

If yes: do you think that is a shared understanding at the
company?

(b)

If no: let us talk about what sustainability risks could be and
how they could be relevant for your work.
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19.

Do you have any suggestion of how such sustainability risks could be
included in existing processes and support tools?

20.

How would such a method need to look like?

21.

How do you work with risks in your environmental management
system (environmental managers only)?

22.

What potential barriers do you see to including a sustainability
perspective in risk management?

23.

What could be success factors for integrating a sustainability
perspective?

24.

Is there anything else you would like to add?
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Capabilities for Sustainable Product Design
Jesko Schulte
Sophie Hallstedt

Abstract
Sustainable product innovation has previously been found to be positively
correlated to competitiveness. However, in order to build capabilities for
sustainability integration one must first understand the current state of
companies. The overall aim is therefore to identify common preconditions
and challenges for sustainability integration in product innovation. A
questionnaire study, targeting employees with roles in product
development, was conducted at four medium-sized to large product
development and manufacturing companies in Sweden. Results show that
capabilities for sustainability integration are perceived as decisive for future
company success, but are not considered to be correspondingly high
prioritized today. Decision making is focused on material selection and
energy efficiency, so no full socio-ecological sustainability perspective is
considered. Formal decision support tools are only used by half of the
respondents and constitute a main area for improvement. Identified
challenges include short-term economic thinking, lack of sustainability
criteria and vague management commitment. Based on these findings, seven
recommendations for companies are presented and validated.
Keywords: sustainable product innovation; sustainable design; integration;
implementation; product development; eco-innovation; capability
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1

Introduction

There are numerous challenges for companies to reach socio-ecological
improvements of new innovations for products, services or production
methods in parallel to reaching economic targets (Urbaniec, 2014). Such
challenges include, e.g., how to identify which the most relevant
sustainability aspects to consider are, to what degree a concept performs in
relation to an ideal sustainable solution, how profitability and sustainable
values can be estimated for a longer time perspective, and how sustainability
criteria can be related to other parameters and requirements. Some of these
challenges have been explored in several research projects together with case
companies with the purpose to give guidance for sustainable product
development. Sustainable product development means here that a strategic
sustainability perspective is integrated and implemented into the early
phases of the product innovation process, including life-cycle thinking. For
example, in Hallstedt (2015) an approach for identifying the most important
socio-ecological sustainability criteria together with tactical design
guidelines and a qualitative sustainability compliance index tool were
suggested and tested in a manufacturing company. Another case studied
how sustainability assessment could give guidance in creating scenarios with
net present value results in comparison between two manufacturing
processes. In this way a long-time perspective was included and the
sustainability parameters were related to a monetary value (Hallstedt et al.,
2015). Despite these findings, it remains unclear how companies can build
capabilities for sustainability integration and implementation, considering
all three dimensions of sustainability for a company, i.e., environmental,
social and economic dimensions (Elkington, 1997). A review of literature
reveals that there is little knowledge on why and how companies integrate
environmental sustainability into new product development (Dangelico and
Pujari, 2010).
The purpose of this study was therefore to identify some common challenges
and preconditions, with the aim to learn more about the driving forces of
companies and some potentials to build capabilities for sustainability
integration and implementation in product development. Another
contribution of this study is the use of this knowledge as a baseline for
proposing a novel set of recommendations for companies that can support
further integration and implementation of a full socio-ecological
sustainability perspective into product development.
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1.1

Background

The early stages of the product development process play a key role, as most
of a product’s social and ecological impacts during its life cycle are
determined by decisions taken during early phases (McAloone and Tan,
2005). Several studies found that technological eco-innovation, as well as
green product and process innovation, are positively correlated to
competitive advantage (Chen et al., 2006; Küçükoğlu and Pınar, 2015;
Ryszko, 2016). Reasons for this can be improved corporate image, more
motivated employees or increased profitability (Neville et al., 2006). External
requirements, such as tougher legislation, customer requests, and material
constraints, can also function as driving forces for company initiatives
(Spangenberg et al., 2010; Testa and Iraldo, 2010). Hallstedt et al. (2013)
identified key elements for successful implementation of a strategic
sustainability perspective in product development. Support tools and
methods on the operational level, routines and practices on the tactical level
and commitment and shared understanding of the strategic maturity level
(Baumgartner and Ebner, 2010) are building blocks for durable capability for
sustainable product development. Still, a better understanding of the
preconditions regarding capabilities for sustainable product innovation is
needed to get better knowledge of why and how companies want to integrate
sustainability in product development.

1.2

Outline

In the following section 2, the research approach is presented, which is
followed by section 3 containing the results and discussion from the survey.
In section 4, based on the findings, seven recommendations for companies
are suggested that constitute key steps on the way towards a further
increasing of capabilities for sustainability integration. Finally, section 5
concludes by proposing necessary measures and changes as well as a
suggested focus in research to enhance eco-innovations and more
sustainable solutions in the future.

2

Method

A web-questionnaire was designed, guided by the work of Blessing and
Chakrabarti (2009) and Karlsson (2009), with the aim to be generic and
relevant for any product development and manufacturing company. The
questions were distributed via an online questionnaire using Google Forms.
The focus of the survey was to identify common preconditions and
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capabilities for sustainability integration in product development. Here,
preconditions include attitudes and prioritization of sustainability, as well
as driving forces. Questions regarding capabilities focused on which and how
method and support systems are used in product development, and which
and how sustainability related decisions are taken during the innovation
process. A short introduction to the background and purpose of the study,
how sustainable development at the company relates to product
development, as well as an explanation of the terms ‘sustainability’ and
‘formal decision support’ were included. In total, 22 questions were
presented that addressed (i) general information about the respondent such
as role and working experience, (ii) the importance and prioritization of
sustainability integration as well as motivations for doing this, (iii) decision
making, (iv) decision support, (v) challenges, and finally, (vi) improvement
suggestions. Different types of open and closed questions were combined in
order to gather both quantitative and qualitative data and to achieve
synergistic effects (Eisenhardt, 1989) and a balance between the weaknesses
of each type of questions and scaling techniques (Karlsson et al., 2009). Pilot
testing was done prior to the study at one company, which led to
improvements of questions through increased clarity and to more effective
distribution and data collection.
The questionnaire study was performed at four multinational case
companies, all doing product development and manufacturing, between the
fall of 2015 and the spring of 2016. Similar to Høgevold et al. (2014) and
Dangelico and Pujari (2010), purposeful sampling was applied and the
companies were selected because they have started to work more actively
with sustainability aspects beyond the level of mere compliance, without
being companies that define themselves solely from a sustainability
perspective. This makes them relevant for understanding how companies
work with sustainability in product development, while, at the same time,
they are representative for a broad spectrum of businesses, which allows for
a more valid generalization of the results. Company A is a medium-sized
(about 100 employees) lamp manufacturer with their competitive edge being
smart lighting solutions with environmental-friendly long-life lamps.
Company B is a large (about 2000 employees) manufacturer of jet engine
components in the aerospace industry. Company C is a large (about 4000
employees) machine manufacturer. Company D is a research center with
about 250 employees for a multinational company in the manufacturing
industry. The studied company sites were located in Sweden.
The recipients of the questionnaire were selected in a non-probabilistic way,
in consultation with the companies: first, a list of roles that are actively
involved in the product development process was compiled, based on
literature and previous experience in the field. Second, the list of roles was
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discussed with contact persons at the companies in order to make
adjustments to fit the list to the individual cases, and to identify suitable
recipients. The goal was to include as many suitable people in the study as
possible, to get representative results and to avoid selection bias. That means
that all employees who had one of the listed roles and were identified as
involved in product development were included as recipients. This design
resulted in a large number of recipients and was chosen to ensure that the
recipients’ roles were related to the product innovation process and that the
selected target group was proper for the topic of the questionnaire. This
means that the target group consisted of those with roles in product
development and technology development such as product developers,
project managers, engineers, purchasers, environmental and sustainability
engineers and managers. The recipients had two to three weeks to fill out
the questionnaire. Multiple e-mail reminders were sent out during that time
period to achieve a high response rate.
The results were aggregated and analysed in Microsoft Excel. Within-case
analysis was performed prior to the searching for cross-case patterns. In this
way, the necessary depth of understanding and familiarity with each case as
a stand-alone entity was acquired, before comparing results from different
cases (Eisenhardt, 1989). Several open questions were included in the
questionnaire with the aim to gather the respondents’ thoughts and
attitudes (Blessing and Chakrabarti, 2009). Because of the mainly explorative
nature of this study, conventional content analysis (Hsieh and Shannon,
2005) was deployed in order to avoid preconceived categories in the coding
process (Kondracki et al., 2002). Instead, categories were derived inductively
(Mayring, 2000), directly from the data. First, all answers were read
repeatedly in order to gain a sense for the whole. Second, key words that
capture central thoughts or attitudes were identified to form categories.
Each answer was then assigned to one or multiple categories. Two
researchers were involved in the analysis and interpretation of the
qualitative answers to the open questions to ensure that they were
interpreted correctly and to avoid misunderstandings, following guidance by
Eisenhardt (1989). Results are presented as percentages of answers that were
assigned to the different categories. A literature review was conducted to
validate and compare the findings with previous research and theory.
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3

Results and discussion

3.1

Respondent characteristics

Most respondents were engineers or managers, but people in other roles,
such as project leaders, purchasers, and respondents in marketing, also
answered the questionnaire. Response rates were generally high and in total
306 responses were analysed, table 1. The respondents’ working experience
at the companies was quite balanced; both relatively new employees and
employees who have been working at the companies for 25 years or more
formed part of the respondents.
Table 1. Main characteristics of the case companies and the questionnaire.
Company
A

Turnover,
k€
75 000

Employees

Recipients

Respondents

100

22

16

Response
rate*
73%

B

800 000

2000

183

69

38%

C

2 750 000

4000

82

38

46%

D

50 000

250

236

183

78%

* Overall response rate. Note that response rates for some questions, mainly the
open ones, were lower in some cases, which is further described in corresponding
sections.

3.2

Sustainability importance, prioritization and driving
forces

At all companies, the respondents think that an increased capability to
integrate sustainability aspects is very important for the future of the
company (mean 7.6 – 9.4; scale 1 not important - 10 very important), Figure
1.
“I think that it is of key importance for the future of [Company D] and for
future generations to put as much as possible focus on these topics.” - Senior
Scientist at Company D
The main driving forces and reasons for why it is perceived as important are:
•

124

Competitiveness in the long run: To include sustainability aspects is
perceived as good business and a necessity for long-term
competitiveness and survival. Furthermore, respondents state that it
would lead to cost reduction and a lower total cost of ownership of their
products, making them more attractive for customers.
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•
•
•

Increased importance in society in general: Sustainability is
increasingly focused on in all parts of society and awareness is rising.
As a result, stricter legal requirements, e.g., are expected.
Environmental concern: It is perceived as important because it is the
right thing to do, for our common future on this planet.

At Company C, image and reputation is perceived as the most
dominant driving force while it is not among the top three mentioned
aspects at any of the other companies.

Figure 1. The perceived importance of increased capabilities for sustainability
integration and the drivers behind sustainability related decisions.
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Only at one company, respondents perceive that it is a strategic decision that
acts as a strong driving force in today’s decision making. However, when
asked for how high the respondents perceive that sustainability is prioritized
today on the strategic and operational levels, the means are considerably
lower, between 5.8 - 7.7 and 5.8 – 6.5 respectively (scale 1-10). This
discrepancy shows that the importance of sustainability integration is
recognized but that there is a challenge of translating these future
requirements into correspondingly high prioritization and actions in the
present. At two of the companies, there is also a gap between the perceived
prioritization of sustainability on the strategic and operational levels, which
might indicate that strategic ambitions are not always followed up by
practical action, or, in other words, ‘walking the talk’ is still a challenge.
The results show clearly that it is competitiveness reasons that drive
sustainability work at the companies. Environmental concern and ethical
reasons, while still mentioned, are not the main drivers behind sustainability
decisions. The results strengthen the findings by Høgevold et al. (2014, 2015)
that indicate that there has been an evolutionary shift in driving forces over
time: from ecological to economic, from cost-orientated to value-orientated
economic effects, and from within-organizational to beyond-organizational
social boundaries. However, Høgevold et al. (2014, 2015) studied companies
that had started their sustainability efforts 10-20 years ago. Therefore, it
remains unclear whether companies that start their efforts today also follow
the evolutionary process from ecological to economic driving forces, or if
companies today acknowledge and are driven by a business rationale from
the beginning. The role of reputation is likely dependent on the type of
company and its position in the value chain. This means, for a company that
is further down on the value chain, closer to the end-user, that reputation
and brand are likely more important driving forces than for companies
further up in the value chain.

3.3

Decision support

There is little difference between the respondents’ opinions on how good
existing decision supports are: across all companies, average values range
between 5.0 and 5.9 (scale 1-10), which means that they are considered to be
neither very bad nor very good. At the same time, the most common
improvement potential suggested at the companies was better decision
support.
At all case companies, 40% of respondents either state that they are not
aware of any formal decision support tools or did not answer this particular
question. This number rises to about 50% for the question on which formal
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decision support tools they actually use. The most well-known tools are in
most cases life-cycle assessment (LCA), material restriction lists, risk
assessment and environmental impact assessment. The overall most used
tools are risk assessment, ISO 14001, and checklists for material restriction
and health safety and environment (HSE). This finding is also confirmed in
Zetterlund et al. (2016). Dangelico and Pujari (2010) found in a similar study
that companies start to embrace a life-cycle perspective and that LCA was
considered as a useful tool and was getting rather common. Our results do
also show that a life-cycle perspective is considered in many cases but do not
support the findings concerning LCA as a useful and common tool. On the
contrary, while being well known, LCA is very rarely used in the daily work
at the case companies. The opinions regarding to what degree existing
decision support includes social sustainability aspects are vague. First and
foremost, it is noticeable that there is confusion regarding what social
sustainability actually means and how to identify social issues.

3.4

Challenges and problems

Between 40 – 60% of the respondents at each company identified some
challenges related to sustainability integration and implementation in
product development, Figure 2. The common pattern is that costs and shortterm economic thinking are perceived as the dominant barrier when making
decisions regarding sustainability. Frequently stated reasons by the
respondents are that: (i) the relation between sustainability and profitability
is not obvious; (ii) product cost might get higher and it is unclear if all
customers are willing to pay extra for a more sustainable product, and in the
short term there might be; (iii) higher investment costs; and (iv) a perceived
risk of decreased profitability. This means that product development and the
final products are not allowed to cost more in order to become more
sustainable. These results seemingly reveal a paradox as, at the same time,
an increased capability to integrate sustainability aspects is considered to be
very important by almost all respondents and the main reason and driver for
this is that it is a necessity for long-term profitability and survival. This
paradox is also visible in the results of Høgevold’s et al. (2014) interview
study, in which interviewees highlight the economic benefits of
sustainability proactivity through decreased costs and risks and improved
sales margins, while at the same time pointing out the challenges of being
sustainable and profitable at the same time. Based on the answers of the
questionnaire, there are two explanations: (i) Sustainability is not seen as a
completely integrated part yet. It is still, at least by some respondents, seen
as an additional goal needing investments of time and resources in order to
be achieved. This means that there still is a perceived conflict between
sustainability goals and economic goals. Instead, as described by Willard
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(2005), sustainability, when properly worked with, can function not only as
a goal in itself but even as a means to achieve other goals, including
economic ones, which implies that sustainability and profitability may exist
in a symbiosis. (ii) The time perspective might be the critical point. Even if
it is a matter of long-term survival and profitability, a strong sustainability
profile might cause some costs and risks in the short run. In addition, today’s
incentives are strongly focused on short-term economic performance.
Therefore, one of the most urgent questions is how long-term and shortterm profitability can be balanced.

Figure 2. Perceived challenges for decision-making regarding sustainability.

Another frequently stated challenge is the lack of sustainability criteria.
Today, there is no attractive approach that can be used to identify and decide
on the most sustainable solution. Further, there is currently no formalized
way to handle trade-offs, for example between technical requirements and
sustainability performance or between different kinds of sustainability
effects. As sustainability often is hard to quantify and measure, there is a
difficulty to translate such aspects into specific requirements that product
developers can work with. Some respondents also perceive that there is a
lack of management commitment as sustainability issues are not seen as
highly prioritized. To have control over sustainability aspects throughout the
whole supply chain is considered challenging, especially for complex
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products with an extensive supplier network. Moreover, at some of the
companies, respondents perceive that they have limited possibilities to
influence, as they simply “are not really in the position of deciding on
sustainability aspects” (specialist at Company D), for example because those
decisions are taken at the business unit. Finally, lack of knowledge can be a
barrier. This concerns, on the one hand, the concept and term ‘sustainability’
of which there is no common understanding at the case companies. On the
other hand, many products are very complex, which makes it difficult to
assess their sustainability impact.

3.5

Improvement potential

Between 40 and 60% of respondents wrote improvement suggestions, Figure
3. The most mentioned suggestion is better or other support tools. According
to the respondents, these different tools should be able to give a
comprehensive overview of the environmental impact of different design
alternatives and of how trade-offs can be dealt with. They should also
incorporate a full sustainability perspective. Currently, material selection
and energy efficiency are the dominating sustainability aspects that are
considered, as also found by Poulikidou et al. (2014) and Dangelico and
Pujari (2010), while many other aspects are neglected. At the same time, the
respondents ask for tools to be formalized, easy to use and not require too
many resources and time. Suggestions are checklists, guidelines, databases,
criteria for sustainability and a way to calculate and compare sustainability
impact and costs. Consolidation of existing tools, methods and approaches
to enhance a selection from companies, is one of nine expected development
areas for sustainable design (Pigosso et al., 2015).

Figure 3. The most mentioned sustainability-related improvement suggestions.
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Up to 25% of the respondents suggest that higher top management
commitment that is visible and well communicated is needed. That also
includes proactivity in the area, as well as defined directives and goals for
sustainability that clarify how employees are allowed and expected to
prioritize sustainability in their work. For example, one respondent asks for
a “clear guideline on how much effort one should put [into] pursuing
sustainability aspects in a project”. As several studies have pointed out,
having senior management commitment with a well-communicated
sustainability plan is a key element for successful sustainability integration
(Hallstedt, Thompson and Lindahl, 2013; Schendel and Birkhofer, 2007).
Several respondents stress that “sustainability issues need to permeate the
whole organization” (product developer at Company D) and all activities and
parts of the company instead of being a separate, additional workload.
Willard (2005) has pointed out that this might well be one of the greatest
challenges in a company’s work with sustainability issues, but that it is also
the one factor that results in the greatest benefits, both for the company and
for society’s sustainability challenge. So far, there are still some respondents
who see sustainability issues as just one more thing that has to be taken care
of, an additional goal and one more checklist to work through. This means
that the case companies still have work to do in order to make sustainability
a truly integrated part of their business and to reach the ‘integrated strategy’
stage on Willard’s sustainability compliance ladder. As a support in this
maturity progression some respondents would like to see more clearly
appointed roles for sustainability implementation, including specialists that
can help the rest of the organization.
More training is needed, for example in the form of lectures, workshops or
good examples from other companies or projects, in order to increase
awareness and knowledge on sustainability issues, including what
sustainability means. As, e.g., the question on social sustainability aspects in
decision making revealed, there is currently no shared and holistic
understanding of the concept of ‘sustainability’. This however, is an
important pre-requirement for all sustainability-related future work as well
as effective communication. A framework has been developed to achieve
shared understanding of the concept of ‘sustainability’, i.e., the Framework
for Strategic Sustainable Development, which includes basic sustainability
principles (Broman and Robèrt, 2017). The social dimension in this
framework has recently been developed and concretized in the work by
Missimer (2015).
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3.6

Sustainability training makes a difference

Respondents at Company D, who have participated in sustainability training,
scored significantly higher on how important they think that sustainability
integration capability is for the future of the company (p=0.02). This group
also knows and uses more formal decision support tools as compared to
respondents who have not participated in the training (p<0.01). Even though
these results are based on data from only one company, they provide an
interesting empirical indication of the positive effect of sustainability
training on employees’ attitudes and practical behaviour regarding
sustainability, as previously suggested by Bansal and Roth (2000). The
respondents’ request for more education and training on sustainability
issues might therefore well be a meaningful and effective improvement
possibility.

4

Seven improvement recommendations for
companies

The results of this research provide a novel set of company preconditions
that form the necessary starting point for further attempts to catalyse the
integration of a full socio-ecological sustainability perspective in product
development. Based on the findings, Figure 4 shows seven key steps for
companies that could work as focus areas for further increasing capabilities
for sustainability integration in product innovation. They have no sequential
order and can advantageously be worked with in parallel. The
recommendations were presented to the four companies in the survey and
the response showed that these are perceived as legitimate and helpful by
bringing up and concretizing which issues to focus on. Thereby the
recommendations could be used as a support in creating a roadmap towards
sustainability implementation in the product innovation process. Their
actual applicability and usefulness will be further tested in future research.
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Strengthen and
visualize
management
commitment

• Ensure genuine management commitment that is clear and visible, both
internally and externally, among other things through a wellcommunicated strategic sustainability plan. That plan should work as a
strong internal driving force. In addition, check whether roles and
responsibilities are clearly assigned.

Speed up
sustainability
prioritization

• Align ambitions and actions regarding sustainability integration on
strategic company level and operational product development level
through practical measures, improved internal communication, and
implemented improvements. Current sustainability maturity and its
progress over time, on both company and product concept level, should
be measured (Pigosso et al., 2013).

Create a
shared
understanding
of
sustainability

• Invest in education and training that aims at creating a common
understanding of sustainability that incorporates the full perspective of
the TBL among all employees.

Investigate the
business case
for
sustainability

• Acknowledge and make it clear that sustainability is an important driver
for competitiveness and economic performance instead of being an
additional burden and cost. One way of showing the business case for
sustainability is to use KPIs for sustainability implementation
(Rodrigues et al., 2016).

Balance longterm and
short-term
perspectives

• Inform on the mutually beneficial and integrated coexistence of
sustainability and profitability. Introduce concrete, internal incentives
for balancing short-term and long-term sustainability perspectives that
also give benefits from a profitability point of view. Sustainability
integration in risk management can be one possible measure (Palousis
et al., 2010; Zetterlund et al., 2016).

Integrate
sustainability
in processes
and support
tools

• Define a formal approach for how to integrate sustainability into the
product innovation process and introduce effective decision support
tools. Further recommendations based on findings from Zetterlund et
al. (Zetterlund et al., 2016) are: to explore how the new version of ISO
14001 (ISO, 2015) can enhance life cycle thinking in product
development; to develop sustainability criteria to be used in product
requirement setting, and, as previously mentioned, to integrate
sustainability in risk management.

Invest in
education and
training

• Invest in education to increase competence regarding how sustainability
can be included in product development and give training in support
tools and methods. In addition, develop a formalized way for human
capital development and knowledge sharing. This can result in
strengthened commitment for sustainability implementation and
increased use of support tools for sustainable product development.

Figure 4. Key steps for companies to further improve capabilities for
sustainability integration.
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5

Conclusions

To successfully integrate sustainability in product development is a complex
task, which requires thorough understanding and considerable changes on
strategic, tactical and operational levels. This study has identified some
common preconditions and challenges regarding sustainability integration
in the product innovation process. The ambition was to present some
prescriptive improvement recommendations based on the descriptive
results of the questionnaire in order to clarify what the results mean and
what implications they can have in practice for companies. The findings also
provide guidance for the direction of future research and can be used for
generic hypothesis testing. The substantial empirical basis with more than
300 respondents, who all work actively with product development, provides
a solid foundation for more prescriptive studies in the field.
Overall, with some exceptions, the results are quite similar for the different
companies, which means that they share many preconditions and
challenges. The main conclusions are that (i) increased capability for
sustainability integration is perceived as decisive for future success of the
company; (ii) environmental and social issues are not perceived to be
correspondingly high prioritized today; (iii) the main driving force is an
economic business case in the form of long-term competitiveness, but to
some degree even legal and customer requirements, as well as
environmental concern and reputation, are pushing company actions; (iv)
there is no common understanding of sustainability at the companies and
there is a strong focus on material selection and energy efficiency, while a
full socio-ecological perspective is missing; (v) decision support systems are
only used by half of the respondents and these systems are mostly simple
tools such as checklists that are more widely used (vi) common challenges
include a focus on short-term economic thinking, lack of effective decision
support tools and knowledge, and vague management commitment; (vii) the
development of sustainability criteria and more education and training are
frequently stated improvement suggestions; (viii) sustainability training had
significant positive effects on employees’ attitudes and usage of formal
decision support tools. Feedback from the companies confirmed these
conclusions.
Further research is needed that goes beyond explorative and descriptive
questionnaire and interview studies. Ongoing prescriptive research is
therefore focusing on finding ways that enable companies to assess their
current sustainability capability, to measure progress over time and to take
strategic action towards sustainability integration on strategic, tactical and
operational levels.
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Abstract
It is in the early phases of product development that most of a product’s lifecycle sustainability impact is determined. This study presents a workshop
method that has the purpose to support multi-disciplinary teams in
sustainable product development, focusing on early phases. The workshop
method aims to map the sustainability challenges and opportunities of a
concept at an overarching level, utilizing backcasting from sustainability
principles in three steps: create vision, assess current state, derive strategies.
Testing and validation was done at two companies and with one academic
group.
Keywords: sustainable design, early design phase, multi-/cross-/transdisciplinary approaches, workshop, decision support

1

Introduction

A growing number of business leaders has started to acknowledge the
implications of the inevitable transition of society towards a sustainable state
in terms of both business opportunities and threats (Willard, 2012).
Empirical studies indicate a positive effect of sustainable product innovation
on overall company performance (Chen et al., 2006; Küçükoğlu and Pınar,
2015). The main company driving forces for investing in building capabilities
for sustainable product innovation are increased competitiveness, legal
requirements, brand and reputation, and employee motivation (Bansal and
Roth, 2000; Dangelico and Pujari, 2010). Numerous tools and mechanisms
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exist that aim to facilitate companies' transition towards developing more
sustainable products, including, for example, ISO standards, assessment
tools, and eco-labelling. Still, companies are struggling with translating
strategic commitment into operational action (Høgevold et al., 2014). Some
of the main reasons are difficulties in how to make sustainability assessments
in an efficient way and that companies lack a shared understanding of what
sustainability means in the first place (Schulte and Hallstedt, 2017).
It is in the early phases of product development, where many sustainability
related decisions are taken (Gaziulusoy et al., 2013). Thus, once a design
concept is selected, most of the relevant sustainability attributes are fixed
(Ny et al., 2008). However, despite increased sustainability knowledge and
awareness, companies are facing difficulties when determining the goals and
scope that effectively guide towards more sustainable products, due to the
immaturity and complexity of sustainability integration in product
development (Alblas et al., 2014).
A common and practical tool to utilize different stakeholders’ expertise and
knowledge in product development is innovation workshops. They are
interactive meetings that follow a practical framework and structured
approach for generating and discussing sustainable solutions to generate
new concepts, or to make incremental changes for existing concepts (Arnold,
2010; Hoffmann, 2007). Workshop approaches are therefore suitable for
sustainable innovation in early product development, because they can bring
together multi-disciplinary teams that can work with both sustainability
assessment and idea generation.

1.1

Aim and purpose

The purpose of this study is to provide product development and
manufacturing companies with a workshop method that supports multidisciplinary teams in sustainable product development (SPD) in early
phases. To this end, the following research questions (RQs) are addressed:
•

RQ1: What approaches do currently exist in the scientific literature that
use workshops for sustainable product development and what are their
main characteristics and challenges?

•

RQ2: How can a workshop method be utilised to effectively and efficiently
integrate a strategic sustainability perspective in the early phases of
product development, allocating sustainability challenges and
opportunities of a concept at an overarching level?
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1.2

Outline

In the following section 2, the context and some main tools and concepts
within the area of sustainable product development are described. After that,
the research approach is presented in section 3. This is followed by section 4
containing the results and discussion of the study, starting with the mapping
of existing scientific publications guided by RQ1, also including the
identification of characteristics and challenges of existing methods. The
second part of the results provides a description of the development and
testing of the novel SPD workshop method, as well as an overview of its main
steps, in line with RQ2. Finally, section 5 concludes by reflecting on the value
and contribution of the new SPD workshop method in the light of previous
work within the area.

2

Background

Several approaches and tools have been developed to assist in more
sustainable product generation. For example, several eco-design tools in
forms of matrices, guidelines, and checklists, such as ABC-Analysis, the
MECO Method, LiDS-Wheel, and Strategy List (e.g. Byggeth and
Hochschorner, 2006; Poulikidou, 2016), as well as Life Cycle Assessment
(LCA) (ISO, 2006). Recent studies have also concluded that despite the
existence of decision support methods and tools for sustainability
consideration in product development, the implementation of these support
tools is low (Schulte and Hallstedt, 2017; Zetterlund et al., 2016).
Furthermore, many support tools are limited to taking one or two
dimensions of sustainability into account, rather than including a full
sustainability perspective, covering ecological, social, and economic aspects.
Applied research in operational tools and methods that support SPD, (i.e. a
strategic sustainability perspective is integrated and implemented into the
early phases of the product innovation process, including life cycle thinking)
aims to strengthen businesses to overcome this challenge, in addition to
increasing the companies’ competitiveness. Several generic support tools
have been developed for SPD, summarized in e.g. Salari and Bhuiyan (2016),
and Buchert et al. (2014), which aim to support development teams in
integrating sustainability in the early development stages and to give
guidance in decision making. However, some challenges are pointed out for
these methods: combination and integration within the product
development process; inclusion of a whole life cycle perspective; only a few
are validated in companies; and, not based on a clear definition of what the
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sustainability dimensions mean. Furthermore, few support tools include a
long-term time perspective, which makes it harder to take actions today for
issues that might occur in the future, while the solution is still operational
(Hallstedt et al. 2013).
The framework for strategic sustainable development (FSSD) is building a
base for some approaches in the area of SPD. The FSSD has been developed,
peer-reviewed, used, tested and refined for over 20 years (Broman and
Robèrt, 2017) with many applications by different researchers (Ny et al.,
2008; Schöggl et al., 2017). The framework is based on backcasting, which
means imagining success in the future and then looking back at the current
situation through the lens of that success definition, and to explore ways to
reach that success (Dreborg, 1996; Vergragt and Quist, 2011). The FSSD
utilizes first-order principles, which describe the root mechanisms for
unsustainability, to derive a vision that can be used as success definition. The
sustainability principles (SPs) state that “organizations who want to move
into a sustainable society should not contribute to systematically increasing:
… (SP1) concentrations of substances extracted from the Earth´s crust, (SP2)
…concentrations of substances produced by society, (SP3) ... degradation by
physical means, and, in that society (SP4) people are not subject to
conditions that systematically undermine their capacity to meet their
needs.” The social sustainability principle has been recently developed into
five distinct principles (SP4-SP8): “people are not subject to structural
obstacles to: health; influence; competence; impartiality; and, meaningmaking (Missimer, 2015).
Many of the previously introduced methods are either too broad to help in
any concrete decision making, demand resources beyond the organization’s
capabilities, do not include a full socio-ecological sustainability perspective,
or require very detailed data that is not available in early product
development phases. Accordingly, there is a need for an easy-to-use method
to incorporate sustainability aspects during the very early phases of the
product development process. Therefore, this study presents an approach,
which combines the concept and elements of the FSSD with a
multidisciplinary workshop setup.

3

Method

A literature review was conducted prior to the development of the workshop
method to map existing research that addresses support tools for
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sustainability integration in the early phases of product development,
focusing on workshop approaches.
The review included journal and conference articles published between 2005
and February 2017. The following four databases were selected: Web of
Science (reference database), Scopus (reference database), Emerald (article
database), and the Design Society database (article database). Topic search
(title, abstract, and author key words) was conducted in all four databases,
using a search string with the following key words and applicable synonyms:
sustainability, eco-design, workshop, support tool, product innovation, early
design, life-cycle, guided questions, backcasting, and roadmap. In line with
the purpose of this article, the review was restricted to papers that explicitly
utilize a workshop or guided questions approach as tools to integrate
sustainability in the early product development phases. The resulting papers
were examined for adequacy and relevance for the article´s purpose. Article
selection and analysis were guided by Blessing and Chakrabarti (2009) and
Karlsson et al. (2009): the selection process started by reading the titles of
about 1400 papers in the selected databases. Dependent on the degree of
relevance, abstract and key words were read. At this stage, around 140 papers
were explored further by reading their introduction and conclusions. Based
on an assessment of the articles' relevance, a total of 13 papers was identified
for full review, also including the applied method, purpose and results.
Conventional qualitative content analysis (Hsieh and Shannon, 2005) was
deployed and key attributes of each source were documented.
Based on findings from the literature review, complemented with
experiences and advise from sustainability experts and academics working
closely with industry, a sustainable product development workshop method
was proposed. Its main purpose is to identify sustainability challenges and
opportunities of a concept at an overarching level. Thereby, it would assist
product development teams in achieving a fast and easy overview of the
sustainability implications of a concept, early in the development process.
The workshop approach is based on backcasting from the sustainability
principles of the FSSD. The detailed workshop method is explained in
section 4.2. The method was validated and tested at two large multinational
product development and manufacturing case companies, located in
Sweden. Company A is a manufacturer of jet engine components in the
aerospace industry, while Company B is developing and manufacturing
construction machines, see Table 1. The testing at the companies focused on
evaluating the practical applicability of the workshop method in industry. In
addition, the workshop was carried out with an international academic
group, mostly from members of the Sustainable Design Special Interest
Group within the Design Society, at the 14th International Design
Conference in 2016.
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Table 1. Two large multinational product development and manufacturing
companies tested the workshop method.
Company

Industry

Turnover, k€

Employees

A

Aerospace

800 000

2000

B

Construction
machines

2 750 000

4000

4

Results and discussion

4.1

Literature review

Hoffmann (2007) introduced the INNOCOPE approach, constituting of
three workshops at different phases of the product development process. It
includes participants from both company employees and consumers, with a
three months’ period between each of the workshops. The first workshop
includes product introduction and idea generation, the second workshop
addresses idea evaluation and selection, and the third workshop is dedicated
for prototype assessment and marketing ideas. From a sustainability
perspective, the approach focuses mainly on climate change and consumers’
prior knowledge of the subject. The results of the study showed that even
though the INNOCOPE process contained climate change measures as a
theme, climate impact was not a criterion that participants took into
consideration when generating ideas.
Hallstedt et al. (2013) presented an approach for assessing the sustainability
of material handling through a workshop with employees at an aerospace
company in addition to a value chain partner. Based on the workshop, a
modelling and simulation approach to assess sustainability and value
consequences was proposed. In a similar approach, Sustainability
Assessment and Value Evaluation method (SAVE), qualitative sustainability
assessment techniques including sustainability guided questions are
combined with quantitative Net Present Value (NPV) analysis. The method
allocates sustainability hotspots and clarifies potential sustainability
consequences of a new concept (Hallstedt et al., 2015). The SAVE method
can support a design team to build NPV scenarios based on possible changes
for some identified sustainability parameters. In a workshop session, the
design team estimates the likeliness for the changes to happen, which can
support a decision in the early stages of product development.
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Gaziulusoy et al. (2013) presented a scenario method with a workshop as an
operational tool, with the aim of helping product development teams to
incorporate sustainability issues into their decision making. The workshop
consists out of two separate full days, one week apart from each other. In
this method, backcasting from scenarios is utilized. However, it can be
challenging for a large group to agree on a desired future scenario (Broman
and Robèrt, 2017). In the same year, Lloveras (2013) proposed an approach to
analyse some environmental sustainability aspects, mainly the consumption
of energy and/or water, in the conceptual product design phase. The
approach includes a guide of five questions for the design team, focusing on
more environmental-friendly consumption alternatives. Leroy et al. (2015)
created two methods, Combineval and Geneval, which were tested in a one
day session including groups of experts from academia and industry, to turn
elementary ideas into environmental-friendly concepts.
Some proposed workshops require facilitation through a sustainability or
eco-design expert, such as the work presented by Saidani et al. (2016). In the
study, an eco-innovation workshop is proposed, which includes stakeholder
identification and an environmental assessment, i.e. LCA. This workshop
results in defining environmental targets. Schöggl et al. (2017) developed a
checklist for sustainable product development in early phases that includes
49 questions covering a full life cycle perspective, linked to the sustainability
principles introduced earlier. However, a sustainability expert is needed to
guide the use of the checklist and to achieve the best results. Byggeth et al.
(2007) presented a Method for Sustainable Product Development (MSPD),
which integrates socio-ecological aspects of sustainability in product
development. The method utilizes backcasting from sustainability
principles. Furthermore, it includes a set of guiding questions derived from
those principles and the product life cycle. Based on MSPD application,
product developers showed a desire to have a sustainability expert to offer a
quick overview of the relevant product sustainability aspects. Therefore, the
Template for Sustainable Product Development (TSPD) was introduced,
based on some generic key questions, with a sustainability expert facilitating
the application of the tool (Ny et al., 2008).
Based on this literature review, a number of challenges for the current
workshop approaches to integrate a sustainability perspective in the early
phases of product development was identified. Existing methods (i) demand
an expert to guide the design team through the different steps; (ii) are
dependent on the development and implementation of simulation models
to derive scenarios; (iii) are time demanding, i.e. many hours or days are
needed to complete the workshop and get a result; (iv) need detailed data
that usually is not available in the early stages; or, (v) do not cover all
dimensions of sustainability, i.e. the economic, social and ecological
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dimensions. The development of the new SPD workshop was guided by the
aim to overcome these challenges.

4.2

Sustainable
method

product

development

workshop

To overcome the challenge of developing and agreeing on scenarios, and to
include a full sustainability perspective, the SPD workshop approach is based
on backcasting from sustainability principles, in line with the FSSD, as
presented in the introduction section. This is combined with a product life
cycle perspective from raw material acquisition and production;
manufacturing (including re- manufacturing); packaging and distribution;
usage and maintenance (including re-use); upgrading (recycling), to end of
life.
The backcasting approach is illustrated in Figure 1. The workshop process
consists out of three steps, based on the ABCD-method of the FSSD (Broman
and Robèrt, 2017): first, a vision of a sustainable product is created. Second,
the current situation and its implications from a sustainability perspective
are assessed. In the last step, ideas and strategies are derived for how the gap
between the vision and the current state can be bridged. Guiding questions
were provided for the “to be” session and templates with guiding examples
of typical sustainability aspects for each life cycle phase were used by the
participants for the “as is” session, see Appendix A.

Figure 1. Illustration of the SPD workshop methodology
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The workshop was tested at the two case companies from the construction
vehicles and aerospace industries. Considering the complexity of many
products, their value chains, and sustainability impacts, the group of
workshop participants should ideally be cross functional and could include
roles like product developers, purchasers, after market staff, product
planners, environmental engineers, etc. No prior expertise on sustainability
is required, but the results benefit from the team's knowledge and
understanding of the product system and the life-cycle. The number of
participants varied between the two cases. In the aerospace company, 10
employees from the research and development, production, and
procurement departments participated in the workshop. In the construction
vehicles manufacturer company, 5 employees took part in the workshop,
mainly from product development and environment teams. The purpose in
the vehicles case company was to identify sustainability challenges of a
construction machine product, and then to identify improvement
possibilities throughout the product life cycle. The workshop with the
aerospace case company aimed at allocating sustainability challenges and
gaps relevant to hot structures in a turbine exhaust product, and how the
product life cycle could be improved.
The workshops took approximately two and half hours in total, starting with
30 minutes introduction, followed by three consecutive sessions (see below),
where each session requires 30 minutes, and a 15-20 minutes concluding
discussion. Dependent on the complexity of the investigated product and
the size of the group, the workshop steps could be prolonged. However, the
purpose of the method is not to provide exhaustive and highly detailed
results, but rather to give a quick overview of hots-pots in the early design
phases.
4.2.1

To-be session

In the first session, participants are divided into groups of 3-5, who start with
imagining success in the future, defined by a vision of a sustainable product
in a sustainable future society. In this step, the participants describe their
vision of a desired and ideal future product design, “To be”, without
restrictions, and write down their ideas in a 10 minute’ time frame. This
session is guided by prepared questions, combining a full sustainability
perspective and life cycle thinking, to help and guide participants in their
idea generation. Next, the groups are asked to discuss and describe a
sustainable product, and to answer the questions in a paragraph form within
15 minutes. The final 5 minutes are utilized for the groups to briefly read and
present the ideas to each other. The five questions to guide the groups in this
session are presented in Table 1 below, in addition to examples of answers
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extracted from the conducted workshop with case Company B, addressing
the design of a wheel loader.
Table 2. Guided questions for the To-Be session with answers sample.
Guiding questions

Examples of answers

What are the materials to be used in a
sustainable product version?

- Replace the rubber and plastic in the
interior parts
- Switch to using ceramic bearings,
which eliminates the use of oil
- Utilize nanotechnology

Which suppliers are associated with a
sustainable product? (e.g. working
conditions)

- Prioritizing suppliers with long-term
thinking
- Selecting local suppliers to minimize
transportation, and boost the local
business

How could a sustainable product be
produced? How are the working
conditions? Consider e.g. chemicals,
health and safety, emissions to air,
water, and soil

- Reducing noise and vibrations in
production, resulting in better working
environment for employees
- Urban mining
- Reducing chemical use and keeping
the parts clean, to lengthen the product
life span.

How is the sustainable product used
and maintained? (e.g. life-time, noise,
secure / robust design)

- Utilizing steam and solar cells.
- Be 100 percent independent of fossil
fuels
- Reuse bearings, less virgin materials
use

How can the product be recycled,
reused, re-manufactured for as long as
possible?

- Resell the product, or make use of the
scrap
- Remanufacturing of all modules

4.2.2

As-is session

In the "As is" session, which takes about 45 minutes, the participants are
again divided into new groups. Depending on the number of participants
and the group size, each group is assigned two or three life cycle phases.
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People who work within procurement, materials, and production should
participate in the raw materials and production phases group, while people
with more knowledge about the use and end of life phases should join the
respective group. In this session, backcasting from the future vision to the
present is applied, mainly by investigating what the organization is doing
today to achieve the vision. Consequently, the “As is” situation is reached,
where problems are defined, along with challenges, knowledge level, and
needs. Participants are asked to start by giving examples of the various
product sustainability implications of the current product that they know
about, spending about 10 to 20 minutes. Afterwards, the present situation
description is guided by defined questions over the product life cycle for
another 10 to 20 minutes, covering the three environmental sustainability
principles (SP 1, 2, and 3), and social aspects (SPs 4 to 8). In addition, the
economic dimension is assessed, based on a maturity model developed by
Baumgartner and Ebner (2010). Finally, each group presents their results, in
total about 10 minutes. Examples of the used guiding questions in this
session are shown in Table 3, together with a sample of answers from the
vehicles manufacturer workshop.
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Table 3. Guided questions for the As-Is session with answers sample.
Ecological
dimension
(SP1-3)

Social
dimension
(SP4-8)

Economic
dimension

Raw
materials

What
sustainabilit
y challenges
have
current
materials?

- Zinc, Nickel,
Cadmium

- Metal mining
personnel
- Chemicals
that could
have an effect
on employees’
health and
safety

Environmental
-friendly
purchasing
choices
regardless of
the price

Production

What
sustainabilit
y challenges
have
current
production
processes?

- Fumes from
chemicals
- Spilling of
machining
liquids that
should be well
handled

- Risk of
accidents with
high noise
levels
-Project Stress
- Solvents
effects.

-Risk analysis

What
sustainabilit
y challenges
has the
current
design in
usage and
maintenanc
e?

-Fossil fuels
and lubricants
- Batteries for
hybrids, such
as Lithium

- Possible
safety issues in
the usage
stage if it is
sold for a
second life
and the
company is
not in charge
for
maintenance
anymore.

- Different
markets and
their view of
the value of
sustainability
(e.g. some
countries are
not interested
in clean
machines)

What
sustainabilit
y challenges
has a wheel
loader in
the EoL
phase?

- Complex
design that is
difficult to
recycle
- No
monitoring of
how a
customer
handles oil,
etc.

-Recycling of
electronic
parts take
place where
there are poor
social and
environmental
conditions,
due to cost
cutting
strategies.

- More
complex
machines with
shorter life
span

Life cycle
phase

Usage and
maintenance

End of life
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4.2.3

Strategies session

The purpose of the "Strategies" session is to generate ideas for how to move
from the "As is" situation to the "To be" vision. While the "To be" step focuses
on the requirements and characteristics of a sustainable product without
constraints, the "Strategies" session is about finding concrete solutions and
paths that lead towards the desired "To be" state, considering preconditions,
challenges and opportunities that were identified in the "As is" step. In case
some "To be" elements identified by the participants turn out to be strategies
as well, it is easy for the team to pick up those elements in the "Strategies"
session again, now being able to relate it to the "As is" situation. For 30
minutes, the same groups as from the second session generate ideas and
suggestions to achieve the vision of reaching more sustainable solutions. No
templates or guiding questions are provided for this step, in order to leave
room for the participants' own experience and creativity. Also, the
applications of the SPD workshop showed that participants get many
solution ideas in the course of the first two steps, making it easy for them to
get started on the "Strategies" session without further guidance. Some of the
suggested actions by participants in the workshops were:
• Bring in sustainability competences early in the concept and design
phase.
• Include a sustainability impact review as a gate-stopper in the early
phases.
• More expertise and knowledge in chemicals, their implications and
what could replace them.
• Performing remanufacturing activities locally.
• Increase modular design to ease upgrading.
• Create more service-oriented business models.
• Focus the designing efforts towards both life cycle costing and
sustainability.
• Increase the collaboration regarding sustainability with other actors
in the value chain.
• Investigate new manufacturing technologies, e.g. additive
manufacturing, to minimise waste and enable easier repair.
• Include a sustainability perspective in material selection studies.

4.3

Evaluation of the SPD workshop method

A third workshop was conducted at the Design Conference in 2016, as an
academic review to evaluate the approach. It included 35 participants, all
researchers within the product design community. Participants were divided
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into 4 groups working in parallel on a jeans product, to analyse the relevant
sustainability potentials and challenges.
The feedback following the workshop highlighted some aspects that are
important for a fruitful outcome. Participants emphasized the importance of
having more stakeholder interaction, e.g. other companies in the value
chain, legislators, customers etc. Stakeholders need to have different
backgrounds, to better reveal the environmental, social and economic
aspects, stressing the importance of involving a multi-disciplinary team with
different areas of expertise.
The participants found the conducted workshop to be a quick and an
efficient way to make a sustainability assessment. Even though the
workshops were facilitated by sustainability researchers in the test cases, the
presence of a sustainability expert is not a necessary requirement. Instead, a
company's own environmental manager or written instructions could likely
replace the introduction and expert facilitation of the workshop. This adds
to the simplicity and ability of the method to be used by different companies.
Furthermore, guiding questions in addition to the provided examples for
each life cycle phase, were perceived as user friendly and easy to understand
by the participants. However, to simplify the communication of results
between product development teams and other levels of the company, such
as management, several suggestions have been provided, e.g. to use more
graphical illustrations of the results, and to use different charts and methods
to collect suggested ideas. This is important to make sure that the results of
the workshop actually will be applied and make a difference in practice.
Potential limitations of the SPD workshop method are that the quality of
results is dependent on the level of knowledge of the participants, both in
relation to sustainability and to the life cycle and value chain of the product.
Gathering a multi-disciplinary team with complementary areas of expertise
is therefore a key success factor. Also, with this method, it can be difficult to
compare products or concepts that are rather similar, as it only provides a
qualitative assessment. However, this is not the main purpose, as the SPD
workshop rather focuses on creating a quick overview of sustainability hotspots at an overarching level. It could then be complemented through, for
example, traditional LCA to make a more detailed, quantitative assessment
of the hot-spots, similar to the method presented by Ny et al. (2006).
Further development for the assessment approach is needed. In this work,
economic aspects were covered based on a model by Baumgartner and Ebner
(2010). Possible future work could consider whether the Future Fit Business
Benchmark (Future-Fit Foundation, 2017) could be used to provide a more
detailed and sustainability related base for analysis. Also, it would be
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important to investigate ways for how to integrate the SPD workshop with
existing company processes and tools.

5

Conclusions

The main purpose of this paper was to develop a workshop method that can
support design teams in integrating a sustainability perspective in the early
phases of product development. To this end, existing scientific publications
in the field were reviewed. Based on identified challenges with existing
methods, key elements of the framework for strategic sustainable
development, i.e. backcasting from first-order sustainability principles, were
combined with a product life-cycle perspective. In this way, a novel SPD
workshop method was derived and tested in two large product development
and manufacturing companies, and in a group of academic experts. The main
advantages of the new approach are that it (i) is easy to use and not
dependent on the presence of a sustainability expert; (ii) includes a full life
cycle perspective to avoid sub-optimisation; (iii) proofed to be applicable in
the early phases of product development, where information is rough and
incomplete; (iv) considers also social sustainability issues, which otherwise
has been a less developed area within design for sustainability; (v) provides
an efficient and quick way to map the main sustainability hot-spots of a
product or concept; (vi) is strategic through the application of backcasting
from sustainability principles, which has been shown to be an efficient way
to find smart stepping stones and out of the box solutions (Broman and
Robèrt, 2017).
The workshop results provide design teams with a clear overview of
sustainability opportunities and challenges associated with a product or
concept at an overarching level. Both at the case companies and in the
academic group, the application of the method did not only result in product
related improvement ideas, but also organizational changes and specific
process improvements, some of which are prerequisites for making changes
in the product. Several participants at the companies also pointed out the
value of the workshop method for the soft side of sustainable design, through
raising awareness, creating a sense of ownership, and triggering discussions
around sustainability in a product design context.
The main contribution of the suggested workshop method is providing a tool
that could be used by multi- disciplinary teams to explore different
sustainable solutions, through utilizing sustainability innovation thinking
on an overall level. This workshop method is part of a model based support
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(MBE) toolbox (Jaghbeer et al., 2017), which includes several support tools
and methods to be used in the different stages of sustainable product
development. For sufficient guidance and more detailed assessment, it is
advised to use the other support tools in combination to this workshop.
Future work intends to develop the SPD workshop method further, and to
combine it with other sustainability innovation workshops. The economic
sustainability assessment also needs clarification and deserves further
attention.

Appendix
Table 4. Guiding questions and examples for the "To be" session.
Guided questions

Examples of sustainability aspects

What materials does the sustainable
company product consist of?

Metals, composites, chemicals

Which suppliers are available for the
sustainable company product?

Working conditions

How is the sustainable company
product produced? How is the
working environment in the
production?

Chemicals, health and safety,
emissions, water

How is the sustainable company
product used and maintained?

Secure, robust design

How can the company product be
recycled for as long as possible?

Recycling, reuse, remanufacturing

156

Paper D

Table 5. Guiding questions and examples of typical sustainability aspects for
each life cycle phase, to be used in the “As is” session.
Life cycle
phase

Raw
materials

Guiding question

What sustainability
challenges have
current materials?

Examples of sustainability aspects
Ecological: Metal alloys, chemical used, land
use
Social: Conflict materials, hazardous
chemicals, influence, competence
development, non-discrimination, stress,
injuries, accidents
Economic: Supplier network

What sustainability
challenges have
current production
processes?

Ecological: Waste, spill, scrap, chemical
used, fossil-based energy source, clean
water usage
Social: Hazardous chemicals, influence,
competence development, nondiscrimination, stress, injuries, accidents
Economic: Human capital, knowledge
sharing

Usage and
maintenan
ce

What sustainability
challenges has the
current design?

Ecological: Clean processes, fuel efficiency,
weight of product
Social: Noise, safety issues, competence
development, non-discrimination, stress,
injuries, accidents
Economic: Innovation, Best available
technology

End of life

What sustainability
challenges has the
product at the EoL?

Ecological: Possibilities to disassembly

Production
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ABSTRACT
Both the ecological and social system are systematically degrading, resulting in decreasing capacities
to support human civilization. Product development and manufacturing companies play a key role
in driving society’s transition towards a sustainable
path. Besides moral arguments, the motivation for
companies can be expressed as a matter of smart
risk management, i.e. avoiding threats and exploiting
opportunities. Such sustainability risks can be related to, for example, brand and reputation, legislative
change, or attracting top-talented employees. But,
more importantly, it is about understanding changes
that are inevitable on markets to come. Based on
Maxwell’s interactive qualitative research approach
and following the structure of the Design Research
Methodology, this thesis aims to contribute (i) to
knowledge by increasing the conceptual understanding of what sustainability risks are; and (ii) to
practice by researching decision-support for how
sustainability risks can be managed in a product development company context. The first study reviewed existing literature and identified characteristics
of sustainability risks, which make them particularly
difficult to manage. A following exploratory and descriptive study investigated companies’ current risk

management practices and preconditions for sustainability integration. It showed that the effects of
uncertainty from the sustainability transition need
to be identified, assessed, and managed in relation
to how they can affect objectives anchored in both
internal and external stakeholder value creation. In
parallel, the Framework for Strategic Sustainable
Development was applied as a lens to understand
the implications of the sustainability transition for
company risk management. This resulted in a new
definition, stating that sustainability risks are threats
and opportunities that are due to an organization’s
contribution or counteraction to society’s transition towards strategic sustainable development. A
questionnaire study then investigated some case
companies’ challenges and preconditions to build
sustainability capabilities. Finally, a workshop method is proposed that aims to support design teams
in early sustainable product development. Future
research will leverage on the findings to develop
and test decision support for how product development companies can manage sustainability risks
on different organizational levels in practice to increase competitiveness, while taking leadership in
the transition towards a sustainable society.
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