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Society’s transition towards a sustainable state 
entails rapid and disruptive change in all sectors. 
This change is the source of profound uncertainty. 
From a company perspective, it can either pose 
existential threats if current practices or prod-
ucts enforce unsustainable development, or it can 
present opportunities if the company can provide 
solutions to the sustainability challenges humani-
ty is facing. Such sustainability-related threats and 
opportunities, i.e., risks, can be related to, for ex-
ample, reputation, legislative change, litigation, the 
ability to attract and retain talented employees, 
or the ability to meet customer needs on increas-
ingly sustainability-driven markets. While more 
and more companies recognize the importance 
of building capabilities for sustainable product de-
velopment to remain competitive, the relation be-
tween social and environmental aspects and eco-
nomic performance is still oftentimes viewed as a 
trade-off where some profit must be sacrificed to 
be sustainable.

Based on an interactive qualitative research ap-
proach, this thesis shows how a risk management 
lens can be used to support decision-makers at 
product development companies in understanding 
the dynamic interplay between socio-ecological 
sustainability aspects and business implications. 
The conceptual understanding of sustainability 
risks was advanced by identifying their character-
istics and by proposing a new definition, utilizing 
literature review and the Framework for Strate-
gic Sustainable Development. In the next step of 

the research, today’s situation and preconditions 
at some product development companies in Swe-
den were studied. Using multiple data collection 
methods, current risk management practices were 
investigated and hypotheses for sustainability in-
tegration were derived. Based on interviews with 
industrial and academic experts, the hypotheses 
were further developed into key aspects for sus-
tainability risk management that can be used as 
recommendations for practitioners. Utilizing the 
newly developed definition and key aspects, a con-
ceptual approach for strategic risk management 
within the sustainability transition was conceived. 
This approach was then adapted and operation-
alized as a workshop method for multifunctional 
teams in the context of product portfolio planning. 
Finally, the Sustainability Impact and Effects Anal-
ysis was developed and tested through an action 
research approach to provide decision-makers in 
early phases of the product innovation process 
with practical support for identifying, assessing, 
and managing sustainability risks.

Uncertainty is neither good nor bad – it is just an 
inherent part of reality. This thesis showed how a 
risk management approach can be used to guide 
decision-making in uncertainty within the sustain-
ability transition in a product development compa-
ny context. Thereby, companies can take the stra-
tegic leadership that is required to benefit from 
the opportunities that can be found in this time of 
deep uncertainty.
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− It is in the times of deepest uncertainty that the most significant 
opportunities can be found.  
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Abstract 

Society’s transition towards a sustainable state entails rapid and disruptive 
change in all sectors. This change is the source of profound uncertainty. 
From a company perspective, it can either pose existential threats if current 
practices or products enforce unsustainable development, or it can present 
opportunities if the company can provide solutions to the sustainability 
challenges humanity is facing. Such sustainability-related threats and 
opportunities, i.e., risks, can be related to, for example, reputation, 
legislative change, litigation, the ability to attract and retain talented 
employees, or the ability to meet customer needs on increasingly 
sustainability-driven markets. While more and more companies recognize 
the importance of building capabilities for sustainable product development 
to remain competitive, the relation between social and environmental 
aspects and economic performance is still oftentimes viewed as a trade-off 
where some profit must be sacrificed to be sustainable.  

Based on an interactive qualitative research approach, this thesis shows how 
a risk management lens can be used to support decision-makers at product 
development companies in understanding the dynamic interplay between 
socio-ecological sustainability aspects and business implications. The 
conceptual understanding of sustainability risks was advanced by identifying 
their characteristics and by proposing a new definition, utilizing literature 
review and the Framework for Strategic Sustainable Development. In the 
next step of the research, today’s situation and preconditions at some 
product development companies in Sweden were studied. Using multiple 
data collection methods, current risk management practices were 
investigated and hypotheses for sustainability integration were derived. 
Based on interviews with industrial and academic experts, the hypotheses 
were further developed into key aspects for sustainability risk management 
that can be used as recommendations for practitioners. Utilizing the newly 
developed definition and key aspects, a conceptual approach for strategic 
risk management within the sustainability transition was conceived. This 
approach was then adapted and operationalized as a workshop method for 
multifunctional teams in the context of product portfolio planning. Finally, 
the Sustainability Impact and Effects Analysis was developed and tested 
through an action research approach to provide decision-makers in early 
phases of the product innovation process with practical support for 
identifying, assessing, and managing sustainability risks.      

Uncertainty is neither good nor bad – it is just an inherent part of reality. 
This thesis showed how a risk management approach can be used to guide 
decision-making in uncertainty within the sustainability transition in a 
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product development company context. Thereby, companies can take the 
strategic leadership that is required to benefit from the opportunities that 
can be found in this time of deep uncertainty.   

 

Keywords: sustainable product development, sustainable design, risk 
management, corporate sustainability, product innovation, sustainability 
transition
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1 Introduction 

Existential threats in relation to the systematic degradation of the social and 
ecological systems’ ability to support human well-being are demanding 
society to go through a radical transition (Draper, 2013). There has been an 
unprecedented acceleration of the pace of development since the industrial 
revolution, especially since the end of the Second World War. While this 
enabled population growth, increased agricultural output, and rising living 
standards in many parts of the world, it has also put pressure on the 
ecological and social foundations that society relies upon (Brown et al., 
2002). 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). 

While this development should be considered alarming, it can also be viewed 
as fruitful soil that offers huge opportunities for anyone who is prepared to 
take strategic leadership in the transition. Product development companies, 
in particular large ones, play a key role as they have resources, technology, 
global reach, and a strong influence on shaping peoples’ behaviors and 
mental models (Benn et al., 2018). Given the need for solutions that 
contribute to fulfilling human needs in a sustainable way, there is an 
increasing 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). A large number of mechanisms 
and tools that aim to support companies in integrating a sustainability 
perspective in decision-making have been developed, for example 
environmental management systems, sustainable design tools, and eco-
labelling (Ahmad et al., 2018; Boiral et al., 2018; Meis-Harris et al., 2021). Still, 
many companies are stuck in thinking of environmental, social, and 
economic performance in terms of a balance or trade-off, where some 
economic performance must be sacrificed for the sake of sustainability. Even 
those companies that recognize sustainability as a necessity and driver for 
profitability and business success struggle with the question of how to 
approach the mutual relationship between company activities on the micro 
level and wider societal change on the macro level. It is necessary to align 
company strategy and actions with the long-term societal vision of 
sustainability in order to ensure both short-term profitability and long-term 
competitiveness (Gaziulusoy et al., 2013).  

A risk management approach has been pointed out as potentially useful to 
overcome some of these challenges (Paulson, 2018; Zetterlund et al., 2016). 
This is primarily because it could support decision-makers in linking 
sustainability aspects with tangible business implications, both in terms of 
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threats and opportunities. Thereby, it could catalyze an understanding of the 
dynamic interplay and interdependencies between the ecological, social, and 
economic dimensions of sustainability. Even though numerous examples 
have shown how sustainability risks can profoundly affect companies 
(Anderson, 2005), 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). 

Despite the increasing recognition of the importance of sustainability risk 
management, it remains largely unclear what exactly sustainability risks are, 
through which mechanisms they affect companies, and how they can be 
systematically and strategically managed in practice (Gomez-Valencia, 2021; 
WBCSD, 2017). Hence, there is a need to gain knowledge and develop 
capabilities that could help companies embrace the uncertainty that 
society’s transition towards sustainability entails and see it as an opportunity 
for defining their future. 

 

 

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. An overview of the 
relationship between the appended papers, the RQs, and the contribution to 
knowledge and practice is outlined in Table 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 are product development companies working with sustainability risk 
management?  
 

3. How can a strategic sustainability perspective be integrated into risk 
management practices at product development companies?  
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1.2 Outline  

The following Chapter 2 presents the background and key concepts from the 
fields that are relevant for this research. After that, Chapter 3 describes the 
methodology that was applied to search for answers to the RQs. Chapter 4 
provides summaries of the appended papers, followed by a presentation and 
discussion of the main findings and limitations in relation to the RQs in 
Chapter 5. Finally, Chapter 6 states the main conclusions, elaborates on the 
contribution of this thesis, and outlines directions for future research. 
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2 Background 

The research presented in this thesis is situated at the intersection between 
multiple areas. This section provides brief background descriptions for each 
of these areas. It starts with introducing sustainability, sustainable 
development, and strategic sustainability thinking, before zooming in on 
how sustainability aspects have been addressed in a corporate context in 
general and in product development and company risk management in 
specific. 

2.1 Sustainability and Sustainable Development 

An awareness of human-caused environmental problems 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 of forest 
resources – 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.). 

Sustainability considerations received more wide-spread attention in the 
second half of the 20th century. This is largely due to 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 (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 
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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). Currently, the 
17 United Nations Sustainable Development Goals aim to be the guiding light 
for action that transforms the world to a sustainable and prosperous place 
(United Nations, 2015).  

Even though often used interchangeably, it is important to note the 
difference between sustainability and sustainable development. 
Sustainability refers to the ideal dynamic state with the capacity to continue 
over a long time. To achieve a sustainable society, this state must not exceed 
certain planetary boundaries, which represent “a safe operating space for 
humanity, based on the intrinsic biophysical processes that regulate the 
stability of the Earth system” (Steffen et al. 2015), as well as social boundaries 
(Raworth, 2012). Sustainable development on the other hand 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 
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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 
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). These concepts stress 
that companies have responsibilities to society that extent beyond their 
obligations to shareholders and investors. There is a large number of 
interpretations and branches within these concepts, which vary 
substantially, for example in relation to the scope, type of impact on 
stakeholders, and connection to company strategy and competitiveness 
(Lozano, 2012). Another popular approach is the Triple Bottom Line, Figure 
1, which is based on the thought of “simultaneous pursuit of economic 
prosperity, environmental quality, and social equity” (Elkington, 1997). 
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Complementing such an understanding of sustainability with a time 
perspective results in viewing sustainability as Two Tiered Sustainability 
Equilibria, where economic, social, and environmental issues interact with 
each other and through time (Lozano, 2008). Such a perspective is adopted 
by the more recently introduced concept Corporate Sustainability (CS) 
(Lozano, 2012).  

 

Figure 1. Common visualization of the Triple-Bottom-Line. Based on Elkington 
(1997). 

 

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. Still, the application of a systems 
perspective in decision-making can be challenging. The Framework for 
Strategic Sustainable Development (FSSD) was designed in a way to (i) 
provide guidance on how to take strategic 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. 
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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 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 (Holmberg, 1995; Broman and Robèrt, 2017). In 
contrast to the TBL, it is rooted in the view of planet, people, and profit as 
nested interdependent systems, Figure 2, meaning that the economic system 
is part of and dependent on the social system, which in turn is part of and 
dependent on the ecological system (Gibson, 2006; Pryn et al. 2015).   

 

Figure 2. Nested interdependent systems view and examples of qualities of the 
ecological and social systems that humanity is dependent on. 

The quest of creating a definition of sustainability that provides guidance for 
backcasting investigated what the basic mechanisms are through which the 
social and ecological systems are degraded. The resulting so-called 
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sustainability principles (SPs) are currently phrased as follows (Broman and 
Robèrt, 2017):    

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

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; 

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;  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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, enabling 
strategic sustainable development. As the principles can be applied on any 
scale, they can guide the sustainable re-design of society, organizations, 
products, components, etc. It is important to note that the SPs also are 
referred to as boundary conditions, i.e. they provide the very outer frame to 
ensure sustainability, but within these boundaries, the SPs do not prescribe 
anything, thereby not limiting creativity and the solution space more than 
necessary. It might be noteworthy that there are no SPs for the economic 
system. This is because from a societal perspective, the economic system can 
be a means to achieve sustainability, but it is not an end in itself that is 
necessary for a sustainable society.   

The FSSD uses a funnel metaphor to explain and visualize the sustainability 
challenge and the dynamics of the sustainability transition, see Figure 3. The 
decreasing cross-section of the funnel represents the current systematic 
degradation of the social and ecological systems’ capacity to support human 
well-being. The funnel turning into a cylinder represents the state of 
sustainability, i.e., the SPs are no longer violated. In the longer term, some 
of the damage caused by unsustainable development can be restored, which 
is illustrated by the increasing cross-section of the funnel on the right of 
Figure 3. To facilitate strategic decision-making within the funnel, the FSSD 
includes the so-called ABCD-procedure. It comprises of four steps, which in 
short are: (A) creating a vision of success framed by the sustainability 
principles; (B) assessing the current situation in relation to the vision, which 
leads to the identification of challenges and opportunities; (C) listing 
possible solutions for bridging the gap between the vision and the current 
situation; and (D) prioritizing among the solutions, resulting in a strategic 
plan. 
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Figure 3. The funnel metaphor and the ABCD-procedure of the FSSD. Based on 
Broman & Robèrt (2017).  

The funnel metaphor is central to this thesis as it also can be used to 
understand the implications of the transition towards sustainability from a 
company perspective. This will be further elaborated on in Chapters 4 and 5.  

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; Hallstedt, 2008; Lagun Mesquita, 2021; 
Villamil, 2020; Watz, 2019). 

 

2.4 Sustainable Product Development 

Companies or products cannot be sustainable in themselves. This is because 
sustainability is a systems property. Hence, products can only be part of, or 
contribute to, a sustainable system (Gaziulusoy, 2015). Sustainable product 
development aims at contributing to sustainable development by 
considering social and ecological aspects when conceiving and developing 
products. This goes beyond aspects that are directly linked to the product as 
such, e.g., material selection, energy efficiency, or recyclability, and also 
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requires understanding the role of the product in relation to effects on the 
larger system that it is part of. Therefore, 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 will be ideated 
and realized through design and innovation efforts” (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, and product-service 
systems. 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, see Figure 4 (Roozenburg and Eekels, 1995). Risk 
management is not an explicit step in the product development process. 
Ideally, it should rather be a continuously applied state of mind, also referred 
to as risk-based thinking (Martins et al., 2021). Still, there is also a need for 
specific activities and tools that support the identification, assessment, and 
treatment of risks in different decision-making contexts across the product 
development process. From a sustainability perspective, the early phases, 
when strategies are created, requirements are formed, ideas are generated 
and concepts are selected, play a decisive role. It is in these phases that 
decisions are taken that to a large degree determine the following phases’ 
direction, and, in the end, the product’s sustainability impact across its life-
cycle (McAloone and Tan, 2005). At the same time, information and data are 
usually scarce and uncertainty is high during these phases, resulting in the 
need for risk management. For example, risk management plays an 
important role in decisions around which products the company should 
develop and when, what requirements that shall guide the development and 
how such requirements should be prioritized, and which concepts that 
should be selected. On a more detailed level, decisions on, for example, 
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material selection, production processes, or end-of-life solutions for a 
product also require risks being taken into account. 
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Similar to the corporate approaches towards sustainability described in 
Section 2.2, the integration of sustainability aspects in product development 
has evolved over time (Ceschin & Gaziulusoy, 2016; Boks & McAloone, 2009). 
Green design and eco-design can be considered as predecessors to 
sustainable design and focused on reducing environmental impact of 
products through redesign of individual qualities of individual products (e.g. 
Burall, 1991). Throughout the last three decades, the focus has gradually 
shifted from focusing on the product level to a systemic view of the 
environmental and social challenges that society is facing (Bhamra and 
Hernandez, 2021). As such, there has been a shift from an insular to a 
systemic view and from a focus on technology to a focus on people (Ceschin 
& Gaziulusoy, 2016). Alongside this development, the complexity that 
decision-makers in product development must consider has increased 
significantly. It is not enough to understand the product and its properties, 
but it is also necessary to explore the interplay between the product, its value 
chain, and the larger socio-technical system it is part of, how it might affect 
behavior, or even culture and values.   

As described by Schäfer and Löwer (2021), more than 20 concepts with 
similar meanings exist in the area, for example, sustainable design, 
sustainable product development, eco-design, design for environment, and 
green product innovation. In addition to this, there are specific design 
strategies, such as sustainable product-service-system design, design for the 
base of the pyramid, and design for circular economy. This thesis uses the 
term sustainable product development, which according to Hallstedt and 
Isaksson (2017), means “that a strategic sustainability perspective is 
integrated and implemented into the early phases of the product innovation 
process, including life-cycle thinking”. Such a strategic sustainability 
perspective implies that sustainable product development must contribute 
to society’s transition to sustainability in a way that strengthens the own 
organization. This concept was selected because it includes a life-cycle and 
socio-ecological sustainability perspective; it stresses the importance of early 
phases; and it recognizes the need to be strategic. Furthermore, sustainable 
product development requires changes in, for example, processes and 
support tools 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 
processes and 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, tools, and methods 
that shall support day-to-day decision-making on the lowest levels of the 
organizational hierarchy, for example all concrete innovation and design 
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activities (Bertoni, 2017). Even though a variety of concepts, methods, and 
support tools exists for including sustainability aspects in decision-making, 
the uptake by practitioners remains a challenge (Peace et al., 2018; 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. This uncertainty can either be aleatory (due to 
probabilistic variability) or epistemic (due to lack of knowledge) (Tegeltija 
et al., 2016). 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. Risks are usually assessed in 
relation to the likelihood of an event and the consequences for achieving 
objectives 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. This has resulted in the development of 
more specific risk management sub-disciplines, such as enterprise risk 
management, project risk management, product risk management, process 
risk management, and more. The risk management process in general 
includes the following steps (Herrmann, 2015): (i) risk framing; (ii) risk 
identification; (iii) risk analysis; (iv) risk evaluation; (v) risk treatment); (vi) 
risk monitoring and review; and (vii) risk communication. A recent review 
by Oehmen et al. (2020) investigated the current knowledge on how these 
steps are addressed in product development. Multiple risk management 
frameworks exist, e.g. ISO 31000, the INCOSE risk management standard, 
the Software Engineering Institute risk management paradigm, and more. A 
comparison by Oehmen et al. (2014) however found that the proposed steps 
are similar across these frameworks. Even though there are general steps in 
the risk management process, it must be tailored to fit the specific context 
or company (ISO 31010). Meanwhile, companies may also tailor their product 
development processes to fit their specific risk profile (Unger and Eppinger, 
2009). Traditionally, risk management in product development has made 
use of both qualitative and quantitative approaches, as well as mixtures 
between those two. Common tools include Failure Mode and Effects 
Analysis (FMEA), six whys, fault tree analysis, and risk breakdown structure 
(Skec et al. 2012). Some of the main benefits of effective risk management are 
improved stakeholder confidence and trust, resource allocation, loss 
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prevention, organizational learning, compliance, and organizational 
resilience (ISO, 2009). 

Sustainability risks were previously defined as risks that result from 
environmental or social justice issues (Anderson, 2006 in Palousis et al., 
2008) and Anderson (2005) provided 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 lawsuits brought by their female 
employees. In the meantime, other companies, e.g. 3M, IBM, Tesla, and 
Electrolux, exploited sustainability related opportunities and anticipated 
market changes, resulting in substantial competitive advantage and financial 
gains (Robèrt, 2002; Willard, 2012). 

Even though there is plenty of anecdotal evidence of the importance of 
sustainability risks, the area did not receive much research interest until 
recently. Even though there are a few publications from the early 2000s, it is 
only since 2015 that scholars more actively have investigated and published 
about sustainability risk management (Gomez-Valencia et al., 2021). 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). A risk management lens could catalyze 
an understanding of nature, society, and business as nested interdependent 
systems by providing a link between the societal sustainability challenge and 
its implications for the company’s ability to reach its objectives. 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 
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company towards sustainability. Risk management is also widely used in 
companies and framing sustainability issues in line with such familiar and 
well-understood 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).  

In contrast to traditional risk management, concepts as well as tools around 
sustainability risks are less established or even absent. A survey by the World 
Business Council on Sustainable Development (WBCSD, 2017) among 
sustainability professionals found that 89% of respondents agreed that 
sustainability risks could lead to significant business impact. However, 70% 
found that current risk management practices not adequately address 
sustainability risks. Some existing tools and methods specifically for 
sustainability risk management in product development exist, e.g., 
adaptations of FMEA (Bertoni, 2020; Lindahl, 1999; Nguyen et al., 2016; 
Rozak et al. 2015), and multiple sustainability risk assessment frameworks 
(Anand et al., 2016; Gargalo et al., 2016; Palousis et al., 2010). However, 
existing approaches have limitations in relation to (i) the lack of a long-term 
strategic perspective; (ii) the lack of a holistic socio-ecological sustainability 
perspective; (iii) a focus on cost instead of value; and (iv) insufficient 
consideration of the time perspective. But there is not only a gap in relation 
to practice. Conceptualization of what sustainability risks are and how they 
link societal change towards sustainability with business implications is 
vague, which presents a barrier for progress in the area (Christopher et al. 
2011).    
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3 Research Methodology 

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

 

3.1 An Interactive Qualitative Research Approach 

The reason for choosing a qualitative research approach is due to 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 2.  

Table 2. 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) 
Fit with thesis goals 

In
te

lle
ct

ua
l G

oa
ls

 

Understanding meaning 
through an interpretative 

approach 

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. 

Understanding the 
particular context within 
which participants act, 

and the influence of that 
context on their actions. 

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. 

Identifying unanticipated 
phenomena and 
influences and 

developing theories 
about them. 

Since sustainability risk management is not an 
established field, the inherent flexibility and 
openness of qualitative research was crucial for 
not limiting the scope of the studies too early.  

 
Table 2 continues on the next page. 
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Table 2 continued.  

Understanding the 
process by which events 
and actions take place. 

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.  

Pr
ac

tic
al

 G
oa

ls
 

Generating results that 
are understandable and 
experientially credible. 

Since the goal is not only to understand, but 
also to change practice, the results must be 
understandable, credible, accessible, and 
relevant for practitioners. 

Engaging in collaborative 
or action research with 

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. Collaboration with 
practitioners took place throughout the 
research process. Action research was applied 
in Paper F. 

 
In the interactive qualitative research approach presented by Maxwell 
(2005), 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 structure of the proposed model 
consists of five elements, but it emphasizes the interconnectivity and 
flexibility (with some limits) in the relationships between the elements, see 
Figure 5. It is worth emphasizing that although not included explicitly, there 
are 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. 
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Figure 5. The interactive research design model. Based on Maxwell (2005). 

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?” 
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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 
address 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 transitions mentioned in the 
first question represent the source of uncertainty that risk management 
activities need to address. By developing a way for 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 

The conceptual framework is “the system of concepts, assumptions, 
expectations, beliefs, and theories that supports and informs [the] research” 
(Maxwell 2005, p.33). 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. Papers A and B 
present findings from exploratory and descriptive studies, which, especially 
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in the early stages of this research project, contributed to developing the 
conceptual framework.  

Another function of developing the conceptual framework is to position the 
research in relation to 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 (Bhaskar, 2013), 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 (referred to as ‘the real’), but, in 
contrast to scientific objectivism, it at the same time acknowledges that 
there can be multiple scientific ways of understanding the world (Lakoff, 
1987). Critical realism has a stratified view on the world and how we can 
obtain knowledge about it, see Figure 6. 

 

Figure 6. Critical realism ontology and epistemology. 

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 
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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 
use of retroduction to acquire an understanding of possible reasons for 
observed events.  

- Critical realism considers all types of knowledge, including non-
scientific 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. 
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- 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: questionnaire (Paper A); literature review (Paper B); 
exploratory and descriptive semi-structured interviews (Papers B, C, and D); 
document review (Paper C); development and application of a self-
assessment tool for risk management practices (Paper C); and workshops for 
the development and testing of prescriptive support (Papers E and F). Table 
3 provides an overview of the studied organizations, the papers, and which 
data collection methods that were used. The methods for data collection and 
analysis are shortly described below. More details about the methods, as well 
as related strategies for sampling, data analysis, etc., are described in the 
appended papers. 

Questionnaire: The use of questionnaires has a long tradition and is widely 
applied to gather data within or across cases (Forza, 2009). A major 
advantage of questionnaires is the low relative cost of gathering information 
per respondent as compared to other survey types such as interviews. This 
makes it possible to handle larger sample sizes. Questionnaires also allow 
the collection of both qualitative and quantitative data by combining closed 
and open questions. Disadvantages of questionnaires are low response rates, 
especially for open questions, and the fact that the questions must be pre-
determined. The questionnaire employed in Paper A was exploratory, i.e., 
taking place in the early research stage to gain preliminary insight into the 
topic and to provide a basis for more in-depth research. Papers D, E, and F 
used questionnaires complementary to other data collection methods to 
gather feedback and validate findings.   

Literature review: Reviewing existing academic literature is an essential 
activity because (i) it contributes to the researcher’s understanding of the 
existing state of knowledge and thereby helps to establish the relevance and 
legitimacy of the research; (ii) it can clarify the possible contribution of the 
research and help to find a feasible scope; (iii) it can guide and justify the 
choice of research methodology; (iv) it can guide the development of 
constructs, hypotheses, and theory; (v) placing the research in a historical 
context; and (vi) and it helps to train important research skills, such as 
information handling, synthesis, and critical thinking (Croom, 2009; Hart, 
1998). Literature review was central to the research clarification stage and 
the main method applied in Paper B. However, reviewing the literature is 
essential also for the other steps. In the descriptive study phase, it allows to 
relate empirical findings to existing theories, hypotheses, or prior empirical 
studies (Papers C and D). In the prescriptive study phase, existing tools and 



3 Research Methodology 

 27 

methods can provide a valuable inspiration or foundation for the 
development of interventions or support (Papers E and F). Finally, literature 
review can also be used to validate findings or to look for conflicting 
evidence. A challenge with literature review is that it is guided by the prior 
knowledge of the researcher, for example, in relation to the selection of 
databases or the design of search strings. This makes it even more important 
to continuously search and review the literature throughout the whole 
research process.  

Interviews: With origins in the early 1900s, interviews are the central and 
most common method of data collection in qualitative research (Savin-
Baden and Major, 2013). They allow the researcher to collect rich data and to 
capture respondents’ experience and thoughts on complex issues. Papers C 
and D used semi-structured interviews as the primary data collection 
method. In semi-structured interviews, the researcher has preset questions, 
but may also include additional questions or change the order of questions. 
This flexibility increases the chances of getting most valuable data from 
different respondents and is therefore often used when there is only one 
opportunity for the researcher to interview a specific person (ibid.). The ten 
interview principles described by Patton (2015) guided the execution of the 
interviews. These are in short (i) ask open-ended questions; (ii) be clear; (iii) 
listen; (iv) probe as appropriate; (v) observe; (vi) be both empathetic and 
neutral; (vii) make transitions; (viii) distinguish types of questions; (ix) be 
prepared for the unexpected; and (x) be present throughout. Disadvantages 
of interviews include resource intensity, interviewer bias, respondents’ 
reluctance to cooperate, less anonymity, and information being filtered 
through the views of the interviewees (Creswell, 2014; Forza, 2009).     

Document review: Documents can provide a valuable additional source of 
information that can increase the researcher’s understanding of the research 
context (Savin-Baden and Major, 2013). Paper C made use of document 
review to study company decision-making processes and steering 
documents. In Paper D, documents, primarily sustainability reports, were 
reviewed for sampling and to get information about the companies’ contexts. 
However, care must be taken as documents can be biased and push actors’ 
agendas, especially in the case of public documents, such as sustainability 
reports (Bryman, 2016). Documents can also be subject to selective survival, 
making it difficult to get a rightful picture of development over time 
(Pettigrew, 1990). For those reasons, document review was only used as a 
complementary data collection method.  

Self-assessment: In essence, self-assessments are similar to questionnaires. 
Several self-assessment frameworks and tools exist in the area of risk 
management (e.g. Hillson, 1997; Olivia, 2016). Special care must be taken as 
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the results of self-assessments can be affected by the respondent’s 
personality and mood. Paper C made use of a self-assessment to complement 
and triangulate findings from other data collection methods.   

Workshops: Similar to focus groups, workshops include a number of people 
to work or discuss something together. Workshops were an important data 
collection method in Papers E and F to test prescriptive support with 
practitioners and to collect data while the support was applied. This was 
partly done through observation while the practitioners used the support 
and partly through questions that were asked to the group afterwards. 
Following the recommendation by Patton (2015), the workshops included six 
to ten participants.  

Observation: Even though not a formal and primary data collection method 
in this research, the role of observations should not be neglected as it can 
contribute to a deeper insight into the studied setting than interviews alone 
(Patton, 2015). Especially for the companies labelled C and D in Table 3, 
which were part of the research process for several years, observations 
enabled a higher level of familiarity with the setting, such as company 
culture. Such observations were made during, for example, site visits, 
meetings, and informal conversations.    

Qualitative data analysis: Once data is collected, it must be analyzed to draw 
conclusions in relation to the research questions. The results of the data 
collection methods were documented using, for example, recordings, 
transcriptions, spread sheets, and note taking. Except for a few statistical 
methods for analyzing the quantitative data from questionnaires, qualitative 
data analysis was applied. This is a multi-step, iterative process in which the 
data is condensed and restructured using a coding scheme. In this research, 
the coding scheme suggested by Corbin and Strauss (2008) was used, which 
includes open coding, axial coding, and selective coding. The codes were 
primarily created inductively, but also some deductively created codes were 
applied. Within-case and cross-case analysis can then be conducted to 
generate meaning from the findings. This includes techniques like theme 
generation, constant comparisons, clustering, flip-flop technique, and more 
(Miles et al., 2014).  
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One point that deserves particular attention is collaboration and action 
research. As pointed out in Table 2, qualitative research is especially suited 
for engaging in collaborative or action research with practitioners. 
Throughout the whole research process, continuous collaboration with 
practitioners at product development companies was a key ingredient and 
guiding light. It provided the interface with the reality that this research 
aimed at changing and improving. As such, it was a necessity in all stages of 
the research, from understanding of the problem, current practices, and 
perceptions, to the development and testing of support. Paper F went further 
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and applied an action research approach that was participatory in the sense 
that the people who were subject of the study took part in defining the 
problem and needs, developing and testing a solution, evaluating the 
outcomes, and taking action to change the situation. Following the action 
research cycle of diagnosing, planning action, taking action, and evaluating 
action, the researcher actively took part in working on a specific company 
problem together with a group of practitioners (Coghlan and Brannick, 
2005). Thereby, insights were cocreated, mutual learning was enhanced, and 
the researcher was able to acquire a unique understanding of the intricacies 
of real-world decision-making contexts and how they can be managed in the 
development of support tools and methods. 

 

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 transparency and trying to understand 
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. Confirmation bias might 
well be the most powerful bias and it is difficult to eliminate it 
completely. Still, to mitigate confirmation bias, several strategies were 
combined: feedback on interview questions was gathered from 
colleagues and pilot tests were conducted; all interviews were recorded, 
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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 participants of the study might have given answers 
that they thought the researcher wanted to hear. In the context of 
sustainability, 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 an 
important way to increase validity and avoid bias. Every data collection 
method has benefits and drawbacks. By combining different methods, such 
as interviews, document review, and self-assessments, richer and stronger 
evidence can be collected (Karlsson, 2009).  

Given the primarily case-based nature of this research, a point that deserves 
particular attention is generalizability, i.e., the degree to which the findings 
can be extrapolated to other contexts. Minor parts of the work presented in 
this thesis, such as the conceptual part of Paper C, 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 
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with the conclusion. However, it is unclear what qualifies as a large number 
of observations and which conditions that are relevant to vary. 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 11 cases, whereof three were studied in detail, 
resulting in in-depth insights rather than a broad overview. 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. This is in line with the critical realist perspective 
on the use of retroduction. Experiences in the empirical, even if they are from 
few cases, can be used to reason as to why it could be so. Thereby, the 
underlying mechanisms in the real can be imagined and tested. The resulting 
theories may be valid also outside the studied context. Still, it is important 
to be aware of the context in which the research results were obtained, e.g., 
in relation to place and time, and that other contexts may yield other results.   

 

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 methodological structure 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 
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about people, organizations, as well as the micro- and macro-economic 
context. According to Blessing and Chakrabarti (2009), design research 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 
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 a “science of design” (Miller, 2011; Simon, 1981). This thesis, 
having sustainable design in general and sustainable product development 
in specific 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 structure of 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 7. In the research clarification stage, current practices and 
capabilities for sustainable product development were studied (Paper A), 
literature in the field was reviewed and exploratory interviews with risk 
managers were conducted in order to formulate realistic and relevant 
research goals (Paper B). The results of this stage also provided an 
understanding of the problem and pointed out promising research 
directions. 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 with practitioners at several product 
development and manufacturing companies (Papers B and C), as well as with 
academic and industrial experts (Paper D). In the prescriptive study, existing 
concepts and previous findings were used to develop theory on what 
sustainability risks are and how they affect companies (Paper C). Some 
recommendations for how companies can improve their capabilities for 
sustainability integration were also proposed (Paper A). In addition, a 
conceptual approach was developed (Paper D) and later turned into an 
applicable method that aims to support product development teams in 
sustainability risk management in a portfolio context (Paper E). Paper F 
presents another prescriptive finding in the form of a method and tool for 
sustainability risk management in product development. Descriptive study 
II, which is about evaluating the effects of the prescriptive support, was not 
fully covered by the research presented in this thesis. These effects are 
oftentimes difficult to grasp as they not only include tangible effects, e.g., 
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changes in decision-making processes, but also intangible effects, e.g., 
related to learning and company culture. Papers E and F include some 
testing and evaluation of the effects of the proposed support. Work is 
ongoing to further study the effects of the research findings.  

 

 

Figure 7. 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 Summary of Appended Papers 

4.1 Paper A 

Challenges and Preconditions to Build Capabilities for Sustainable Product 
Design 

Published as 

Schulte, J., Hallstedt, S., 2017, 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 highly 
recognized at the studied companies (means 7.6 – 9.4; scale 1-10). 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 brand and reputation. These 
findings indicate a shift in driving forces from ethical issues 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. Short-term economic thinking is pointed out as 
the dominant 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 sustainability-related improvements of a product 
are 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 
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challenges. Two possible explanations are (i) that sustainability and 
profitability are seen as two separate objectives, which may be conflicting; 
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 

This study presents the author’s starting point of research in sustainable 
product development. Being broader in scope than the other studies, it also 
sets the stage for the following papers by situating the role of sustainability 
and risk management in a product development context. In particular, Paper 
A revealed the current perceptions around sustainability aspects and their 
connections to business aspects in different time perspectives. This also 
shows the rationale for research on sustainability risk management, as it 
could be a way to overcome the described paradox by linking sustainability 
aspects with business implications and by providing support for how to work 
with sustainability in a strategic way in the short-, medium-, and long term.   

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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4.2 Paper B 

Challenges for Integrating Sustainability in Risk Management – Current 
State of Research 

Published as 

Schulte, J., Hallstedt, S., 2017, 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, does not fully capture the dynamics of the sustainability transition 
and the risks it entails for product development companies. 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 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 
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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 

After Paper A, which had a wider scope and provided a context for this 
research within the area of sustainable product development, Paper B zooms 
in on sustainability risk management. The study presents the research 
clarification step of the DRM. 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 B 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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4.3 Paper C 

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 B, this study investigated 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. 

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 
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 
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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.  

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 B, 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 C attempted to overcome this barrier. It presents a 
crucial step in this thesis, because Paper C established the conceptual 
understanding of sustainability risks, which the following papers built on.  

While Paper B focused on mapping the current state of research, including 
only a limited amount of data from practitioners, Paper C deepened the 
investigations of the current risk management practices and preconditions 
for sustainability integration in industry. Thereby, Paper C 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 self-
assessment 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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4.4 Paper D 

Strategic Sustainability Risk Management in Product Development 
Companies: Key Aspects and Conceptual Approach 

Published as 

Schulte, J., Villamil, C., Hallstedt, S.I., 2020, Strategic Sustainability Risk 
Management in Product Development Companies: Key Aspects and 
Conceptual Approach, Sustainability, 12, 10531. 

Summary 

In Paper C, which investigated how some product development companies 
in Sweden currently view and work with sustainability risk management, it 
was found that the concept of sustainability risks was largely unfamiliar to 
many employees and that it was not formally integrated into decision-
making processes or support tools. Given these findings, one purpose of 
Paper D was to identify and study academics and industrial practitioners that 
are pioneers at the forefront and experienced in relation to sustainability risk 
management in a product development context. Thereby, it was possible to 
achieve a more nuanced understanding both of the concept of sustainability 
risks and of some of the best practices that are currently existing. It also 
provided the opportunity to validate the definition of sustainability risks and 
the hypotheses proposed in Paper C. Semi-structured interviews with six 
industrial experts and two academic experts were conducted, recorded, and 
transcribed. Three main themes were covered in the interviews: (i) the 
concept of sustainability risk management; (ii) tools and methods; and (iii) 
barriers and success factors. Through qualitative data analysis, 21 key aspects 
for successful sustainability risk management were identified, covering the 
main steps of the risk management process, i.e., defining scope, context, and 
criteria, risk identification, risk assessment, risk treatment, and 
communication and consultation. A first validation took place via a 
questionnaire that was sent to the interviewees.  

In the second part of Paper D, a conceptual approach for strategic risk 
management within the sustainability transition was developed, building on 
the identified key aspects and research from the areas of strategic sustainable 
development, transition theory, and risk management. The approach 
consists of six main steps: (1) visioning. In this first step, a long-term vision 
of success is created, framed by the sustainability principles, to allow for 
strategic thinking. (2) Current state assessment. An understanding of the 
current reality is necessary to identify the relevant issues that cause 
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unsustainability in the present and to recognize the discrepancy between the 
future vision and the present reality. (3) Backcasting. Starting from the 
future vision, scenario modelling is used to explore potential pathways 
between the future vision and the current reality. This is especially valuable 
to understand and foresee the direction of change in the long term. (4) 
Forecasting. To avoid a so called “reality gap”, backcasting is complemented 
by forecasting to explore scenarios in the short- and medium term. (5) 
Bridging. After having outlined the direction of change in the long-term 
through backcasting and explored possible scenarios in the short-term 
through forecasting, it is necessary to create a bridge between these two-
time perspectives. This is done by identifying events that could provide links 
in the mid-term. (6) Risk management. While the scenarios in the previous 
steps were used to explore uncertainty, step 6 is about assessing the effects 
of that uncertainty on objectives, i.e. risks. Such effects need to be assessed 
in relation to the company’s ability to create internal and external 
stakeholder value. The aforementioned 21 key aspects can provide some 
guidance for how to do that. However, more detailed guidance, tools, and 
methods are needed to provide practical support for step 6.  

At this point, the presented approach is only conceptual and additional 
research is needed to validate it and to make it applicable in practice. 

Relation in thesis 

The descriptive study in Paper C was characterized by depth but lacked 
breadth due to the small sample size. Hence, there was a need for additional 
descriptive research before moving on to the prescriptive study phase. 
Specifically, Paper D added insights from experts that are knowledgeable and 
experienced in sustainability risk management. Together with the findings 
from the previous papers, the identified key aspects in Paper D created the 
foundation for the following prescriptive research. The conceptual approach 
is the first prescriptive result, which was then further explored in Paper E.   

Present author’s contribution 

The author of this thesis independently conceived the study design and 
conducted all steps around the interviews and questionnaire, such as 
sampling, development of questions, interviewing, transcribing, and 
analyzing. The development of the conceptual approach was led by the 
author and done in collaboration with the co-authors. The original draft was 
written by the author, and he also finalized the manuscript based on 
feedback from the co-authors and reviewers.   
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4.5 Paper E 

Sustainability Risk and Portfolio Management - a Strategic Scenario Method 
for Sustainable Product Development 

Accepted for publication as 

Villamil, C., Schulte, J., Hallstedt, S.I., 2021, Sustainability risk and portfolio 
management - a strategic scenario method for sustainable product 
development, Business Strategy and the Environment, In Press. 

Summary 

The product portfolio process plays a key role for placing the company in the 
smart zone between being too passive and too proactive in relation to 
sustainability aspects, because this is where it is decided which offerings the 
company should have in the present and in the future. It is therefore a crucial 
step in the product innovation process when it comes to identifying, 
assessing, and managing sustainability risks.  

Paper E consists of two main parts. In the first part, a strategic sustainable 
development lens is used to enrich the understanding of sustainability 
product portfolio. Starting from the funnel metaphor of the FSSD and related 
findings from Paper C, it was found that existing practices that commonly 
apply a triple bottom line perspective, assessing the portfolio in relation to 
environmental, social, and economic performance, fail to capture the 
dynamics of change that the transition towards a sustainable society entails. 
Instead, it was found that a portfolio must be assessed in relation to the 
following three key areas: firstly, the sustainability performance of the 
offerings in the portfolio to get an understanding of how the offerings might 
be affected by market changes within the sustainability transition. Secondly, 
the offerings’ market success since it is central for the company’s value 
creation and survival. Thirdly, the time dimension, which often is neglected 
in existing approaches. This is where the change and uncertainty that the 
sustainability transition entails come into play, for example in relation to 
legislation, customer preferences, or resource availability and costs. These 
changes represent the risks both in terms of threats and opportunities. The 
company needs to identify potential changes, assess how they might affect 
offerings’ market success, given their sustainability performance. By 
applying a strategic sustainable development lens, the direction of change 
can be foreseen, and decisions can be made accordingly. Sustainability risk 
management is therefore at the core of the sustainability product portfolio 
process. 
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In the second part of Paper E, this understanding of the product portfolio 
process from a strategic sustainability perspective and the conceptual 
approach for strategic risk management within the sustainability transition 
presented in Paper D, were used to develop and test a method for how 
multifunctional teams can apply this thinking in real decision-making 
contexts. The resulting strategic layered double flow scenario modeling for 
sustainability risk and portfolio management (STARDUST) method consists 
of four steps: (1) strategic double-flow scenario modeling, where scenarios 
on macro-, meso-, and micro level are explored combining backcasting and 
forecasting; (2) assessing the sustainability performance of the offerings in 
the portfolio in light of the scenarios; (3) assessing the market success of the 
offerings in light of the scenarios; (4) merging the results into a three-
dimensional cube using sustainability performance, market success, and 
time at the axes. These results can then be used to balance the portfolio and 
to manage risks by (i) allocating resources and selecting a combination of 
offerings that ensures short-term profitability and long-term 
competitiveness; and (ii) improving present or future offerings to avoid 
threats and exploit opportunities that were identified in the scenario 
modeling. The method was tested with an academic group and two product 
development companies in Sweden. The results indicate the value of the 
method among other things for learning and creating awareness of 
sustainability aspects in relation to portfolio planning and risk management 
and for including a strategic perspective in decision-making. Limitations 
were identified, for example, in relation to the complexity of the method and 
the difficulties with exploring scenarios, especially in the long term.     

Relation in thesis 

Paper E further builds on the theoretical understanding of sustainability 
risks developed in Paper C and brings it together with a specific step in the 
product innovation process, portfolio planning, which was identified as a key 
leverage point. Furthermore, Paper E explored how the conceptual approach 
presented in Paper D could be developed into a practically applicable 
method that practitioners could use to work with sustainability risk 
management in a product portfolio context.  

Present author’s contribution 

The author of this thesis co-conceived the study design, supported the 
development, testing, and evaluation of the method, wrote parts of the 
original draft and took part in editing and reviewing.  
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4.6 Paper F 

Linking Sustainability with Business Implications through Risk Management 
in Product Development Companies 

Submitted as 

Schulte, J., Knuts, S., 2021, Linking Sustainability with Business Implications 
through Risk Management in Product Development Companies, Submitted 
to Journal. 

Summary 

Integrating a strategic sustainability perspective in product development 
requires that decision-makers can connect sustainability aspects to tangible 
business implications in the short- and long term. Paper F focused on the 
question of how a strategic sustainability perspective can be integrated into 
risk management practices in the early phases of the product development 
process to link sustainability with business aspects. Accomplishing that 
requires creating an awareness of sustainability risks and the integration 
with the risk management process. The aim of Paper F was to develop 
support for increasing awareness and knowledge about sustainability risks 
and to provide a tool for identifying, assessing, and treating sustainability 
risks in practice. 

To this end, an action research study was conducted over a period of two 
years, in which the author of this thesis engaged in close and interactive 
collaboration with a large engine component manufacturer in the aerospace 
industry, located in Sweden. As a result, Paper F presents the Sustainability 
Impact and Effects Analysis (SIEA). As Papers C and D indicated that it 
would be beneficial for implementation and adoption in industry to include 
a strategic sustainability perspective in existing tools and methods, SIEA 
builds on the format of the well-established Failure Mode and Effects 
Analysis (FMEA). However, in contrast to FMEA, SIEA was designed to be 
used by risk managers or multifunctional teams in the early phases of the 
product development process.  

SIEA consists both of a method, i.e., a specification of what actions are to be 
performed, how, in which sequence, and what input that is required, and a 
tool, i.e., the manifestation of the method in a software. The method builds 
on the understanding of sustainability risks developed in the previous papers 
and the ISO 31000 risk management process. It starts with a sustainability 
assessment in which a product’s hot-spots of sustainability impact are 
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identified. In the following sustainability risk identification step, an 
instrumental stakeholder perspective is applied to connect the sustainability 
impact with potential business implications in the form of stakeholder 
actions and the company’s ability to create stakeholder value. The 
sustainability risks that are identified in this way are then analyzed and 
evaluated, considering not only likelihood and severity, but also different 
time perspectives. Finally, risk responses are conceived, and an action plan 
is created.  

Through an action research approach characterized by continuous 
interaction, prototyping, and many tests with the company, the SIEA tool 
was developed to make the method applicable in practice. This included the 
development of more detailed support to facilitate each step of the method, 
among other things, guiding questions covering the full product life-cycle 
based on the sustainability principles to ease the identification of hot-spots; 
sustainability risk categories with examples and guidance for stakeholder 
mapping for risk identification; and scales for likelihood and severity to allow 
for more coherent risk evaluation.  

Through extensive testing with real cases from the aerospace company and 
another company, challenges and success factors for SIEA and its 
implementation were identified.   

Relation in thesis 

This last paper leverages on all insights from the previous papers and the 
experience that was gathered along the way. With a stronger focus on 
making a contribution not only to academia but also to practice, Paper F 
closes the circle and goes back to the question that initiated this PhD 
research, i.e., if and how the integration of a strategic sustainability 
perspective in risk management can support sustainable product 
development. Paper F aimed straight at the paradox found in Paper A, by 
providing a structured way for how to link sustainability aspects with 
business implications by applying a risk management lens. 

Present author’s contribution 

The author of this thesis conceived the study design and led the action 
research study. He conducted investigations, data collection, and data 
analysis with support from the co-author. The original draft was written by 
the author, and he also adjusted the manuscript based on feedback from the 
co-author.  
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5 Main Findings and Discussion 

In this chapter, the main findings of the research are summarized and 
discussed in relation to the research questions described in Section 1.1.  

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

The findings of Paper A indicated that decision-makers at product 
development companies consider capabilities to integrate sustainability 
aspects to be highly important for future success of the company. This is not 
only because of ethical reasons, but primarily because such capabilities are 
recognized as a necessity for long-term competitiveness, compliance, and 
good reputation, Figure 8. At the same time, the by far most frequently 
stated challenges for including sustainability aspects in decision-making are 
short-term economic thinking and negative effects on costs. The connection 
between sustainability and profitability is seen as unclear and decision-
makers fear higher investment costs, increasing product cost, and, as a 
result, decreasing profitability. These findings seemingly reveal a paradox 
where sustainability is viewed both as a necessity and driver for business 
success and at the same time as conflicting with business success. 
Integrating a strategic sustainability perspective in risk management was 
early on pointed out as a promising opportunity for resolving this paradox 
by both industrial practitioners and the literature (e.g. Zetterlund et al., 2016; 
Palousis et al. 2010), because it could present a way for how to link 
sustainability aspects with business implications, considering different time 
perspectives.   
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Figure 8. The perceived reasons (top) and challenges (bottom) for increasing 
capabilities for sustainability integration. Source: Paper A. 

Characteristics of Sustainability Risks 

The question of if and how a risk management lens is useful to understand 
and strategically guide company decision-making in the sustainability 
transition first requires an understanding of what exactly sustainability risks 
are. As a recent review by Gomez-Valencia et al. (2021) showed, the scholarly 
interest in studying the linkages between risk and sustainability is a rather 
recent phenomenon and there is a steep increase in the number of studies 
since 2015. Despite (or because of) the young age and immaturity of the area, 
there are multiple conceptions of sustainability risks and there is no 
established definition. It is common with a narrow view on sustainability 
risks as something to be minimized through goodwill and corporate social 
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responsibility (CSR) (Godfrey et al. 2009). The difficulties of creating a 
foundation and consensus are further increased by the fact that the concept 
of sustainability risk is studied in different and oftentimes separated fields of 
research, such as investment and finance, insurance, CSR, product 
development, and supply-chain management. Paper B reviewed the 
literature on sustainability risk management within a product development 
context and found that there is no established view on sustainability risks 
within that field either. Different versions of the Triple Bottom Line (TBL) 
are commonly used in conceptualization of sustainability risks, but there are 
gaps in the understanding of the interconnections between the ecological, 
social, and economic dimensions. As pointed out by Christopher et al. (2011), 
without a more comprehensive understanding, the “conceptualizations of 
sustainability risks will remain vague and effective management frameworks 
cannot be developed”. In Paper B, a first approach was made to increase the 
understanding of sustainability risks by studying existing approaches and 
identifying challenges for sustainability risk management. The paper argues 
that there are two types of challenges. Firstly, there are the ones that are due 
to inherent properties of sustainability risks. Three such challenges were 
identified:  

1. Temporal dynamics: sustainability risks have very different time 
perspectives, ranging from short-term risks to long-term risks.  

2. Qualitative dimension: the concept of sustainability is at its core 
built on ethics and normative values. This comes with challenges in 
relation to measuring and objectively managing sustainability 
aspects. 

3. Deep uncertainty: as the source of uncertainty is society’s transition 
towards sustainability, which is a long-term process characterized 
by complexity, the likelihood and severity of sustainability risks are 
difficult to assess. 

 
Secondly, the study identified seven research and managerial challenges. In 
contrast to the ones mentioned above, these challenges can be solved and 
overcome through further research. 

1. No clear and shared understanding of what sustainability means. 
2. A strategic perspective is missing. 
3. Unclear responsibilities. 
4. Perceived inherent conflict between sustainability and financial 

goals. 
5. Vague connection between sustainability risks and cost and value. 
6. Low overall enterprise risk management maturity. 
7. Underdeveloped social dimension in current risk management 

practices. 
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Defining Sustainability Risks 

While Paper B had an exploratory nature to identify characteristics and 
challenges of sustainability risks, Paper C went further and focused on the 
development of the sustainability risk concept. To create a definition that 
captures the linkages between the ecological, social, and economic 
dimensions, Paper C used the funnel metaphor of the FSSD, introduced in 
Section 2.3, as a lens to understand company risk management in light of the 
sustainability transition. As society is moving closer towards the funnel walls 
and people, politicians and markets increasingly recognize the threats for 
survival, sustainability risks are becoming more and more prominent. 
Companies that relatively much contribute to unsustainable development 
will face increasing threats. At the same time, there will be a growing urge 
to turn development towards a sustainable path. Thus, companies that apply 
practices and offer solutions that create value in a sustainable way will be 
able to benefit from opportunities in relation to, e.g. strong brand, increasing 
demand, attracting top-talented employees, resilient supply-chains, etc. To 
summarize, increasing threats for society lead to increasing threats for 
companies that enforce unsustainable development and to increasing 
opportunities and decreasing threats for companies that contribute to 
strategic sustainable development. 

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. 

This definition also highlights the inaccuracy of using a TBL perspective to 
understand sustainability risks. In contrast to the TBL, which views the 
ecological, social, and economic dimensions of sustainability as equally 
important, partly overlapping circles, these three dimensions should instead 
be recognized as nested interdependent systems, as also stated by Gibson 
(2006) and Pryn et al. (2015). Only then, it is possible to accurately capture 
the dynamic interplay between nature, society, and business, see Figure 9. 
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Strategic sustainability thinking in line with the funnel metaphor enables 
companies to foresee the direction of change, which is crucial for smart risk 
management. However, the speed of change is uncertain, which poses 
significant challenges for companies. Being too passive in relation to 
sustainability means facing threats like legislative change, poor reputation, 
and falling behind competitors. At the same time, being too proactive also 
comes with threats, e.g. investing in offerings that are too costly or where 
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there is not sufficient customer demand yet. Strategic sustainability risk 
management has the potential to support companies in taking the right pace 
in their sustainability journey and finding a smart zone by identifying threats 
and opportunities both with passive and with proactive solutions, Figure 10.  

 

Figure 10. The smart zone between being too passive and too proactive in relation to 
sustainability. Source: Paper E 

While a first validation of the proposed definition with academic and 
industrial experts indicates its soundness and value, it does not make 
sustainability risks tangible for people with little or no prior knowledge on 
the topic. Therefore, as a complement, sustainability risk categories, Table 
4, were developed in this research that shall provide support for 
sustainability risk identification.  
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Table 4. Sustainability risk categories with examples of threats and opportunities. 

Risk 
Category Examples of Threats Examples of Opportunities 

Reputational 
risk 

Brand damage and negative 
publicity due to e.g., poor working 
environment in the value chain, 
unethical behavior, bribery and 
corruption, environmental 
destruction. 

Strong brand and positive publicity 
by being recognized as a leader 
when it comes to sustainability, the 
company is considered to have 
high ethical standards and to take 
responsibility for the environment 
and people. 

Regulatory 
risk 

Ban of substances or 
manufacturing processes, taxes on 
emissions, producer responsibility. 

Benefiting from legislative change 
by being ahead and affected less 
than competitors.  

Litigation 
risk 

The organization is found 
responsible for human health 
issues or environmental 
destruction, lawsuits, fines. 

The company is resistant and 
affected less by litigation than its 
competitors. 

Competitive 
risk 

Failure to innovate and meet 
changing customer needs, falling 
behind competitors, losing market 
share. 

Innovation and increasing demand 
for solutions that contribute to 
strategic sustainable development.  

Supply-chain 
risk 

Dependence on critical materials 
e.g., in relation to limited 
availability, conflict minerals, high 
environmental or social impact. 
Supply-chain disruptions.  

Resilient, effective, and efficient 
supply-chain. Material and 
component availability is secure, 
and prices are not increasing. 

Competence 
and 

productivity 
risk 

Inability to retain and attract 
talented work force, low employee 
motivation, loyalty and 
productivity. 

Attracting and retaining the most 
talented work force, motivated, 
loyal, and productive employees, 
resulting in high efficiency of 
organizational processes. 

Strategic 
risk 

The company takes decisions that 
lead it into a blind alley, developing 
solutions that are no 
steppingstones towards a 
sustainable society. 

Taking smart steps and developing 
solutions that are flexible platforms 
that lead towards a sustainable 
society.  
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5.2 How are product development companies working 
with sustainability risk management? 

Papers B, C, and D addressed this question from different angles, partly using 
different samples and different methods, such as interviews, workshops, and 
a self-assessment. The results from the companies studied in Papers B and C 
showed that decision-makers in product development are familiar with risk 
management and risk-based thinking, but that their experience and 
knowledge about sustainability risks is limited. Even though some 
sustainability aspects are considered as part of other existing risk categories, 
there were no formal and systematic approaches for identifying and 
managing sustainability risks.  

The investigation of the connections between the strategic, tactical, and 
operational organizational levels found that risks are almost entirely 
escalated bottom-up, while the corresponding top-down flow consists of the 
objectives which risk management by definition is based on. Risk 
management is used to ensure that objectives on each organizational level 
are achieved. The setting of objectives and requirements therefore plays a 
key role for enabling effective sustainability risk management. At the same 
time, sustainability risk management can support objective and requirement 
setting. Hence, there should be an iterative interplay between objectives, 
requirements, and risks.  

Another main finding is that sustainability risks should not only be managed 
in relation to cost, which was a main focus in existing literature (e.g. Palousis 
et al., 2010), but in relation to all kinds of strategic, tactical, and operational 
objectives – leading all the way back to assessing how sustainability aspects 
might affect internal and external stakeholder value creation over time.  

Based on the findings of the descriptive study described in Paper C, 10 
hypotheses regarding current practices and preconditions for sustainability 
integration in risk management were derived: (i) Sustainability risks should 
be made as tangible as possible to ensure that decision-makers recognize 
their relevance and spend resources on managing them. (ii) Highlighting 
both the threats as well as the opportunity dimensions of sustainability risks 
could facilitate the introduction of sustainability risk management. This is 
because it can be more motivating to work with opportunities than to only 
focus on threats. (iii) Sustainability risk management can build on the ISO 
31000 definition of risk as the effect of uncertainty on objectives. In this 
regard, sustainability risks are not different from other types of risks. (iv) In 
line with the new definition presented in the previous section, establishing 
the connection between stakeholder value creation and the company’s 
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contribution or counteraction to strategic sustainable development is of key 
importance for sustainability risk management. This requires the integration 
of sustainability aspects into objective- and requirement-setting and the 
cascading of those requirements across the organizational hierarchy. (v) A 
sustainability perspective should be integrated into existing processes and, 
at least initially, traditional, mostly qualitative tools. If it is not integrated 
into existing processes, there is a risk that sustainability risk management 
becomes a one-time activity that is dependent on the researcher or a 
sustainability champion at the company. Given the unfamiliarity of 
managing sustainability risks, qualitative tools are more appropriate as a 
starting point than more advanced quantitative tools. An important first step 
is therefore also (vi) to increase the awareness of the existence and 
importance of sustainability risks, e.g., through rough but simple methods. 
(vii)  Including a long-term perspective in risk management is of major 
importance for integrating a sustainability perspective, because the time 
perspective plays a key role for strategic decision-making. However, 
including the time perspective is also a major challenge and in conflict with 
the requirement of simplicity. (viii) Study participants highlighted that there 
often is too much focus on risk identification and assessment and too little 
on risk treatment, i.e. action. While awareness of risks has a value, it is the 
treatment of the risks that makes a difference in practice. Therefore, 
sustainability risk management needs to be value-adding and provide 
guidance for how to mitigate sustainability-related threats and exploit 
opportunities. (ix) 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. (x) In product development, sustainability risk management 
should start early and should then be conducted continuously throughout 
the process. In the early phases, it is especially in the development of 
strategies and requirements that a sustainability risk perspective is 
important. In later stages of the process, sustainability risks can be helpful, 
for example, in the selection of materials or manufacturing processes, and 
potentially provide guidance in trade-off situations.   

These hypotheses were partly validated and further elaborated in Paper D, 
where interviews with international experts from academia and industry 
were conducted. Following the main steps of the ISO 31000 risk management 
process, a total of 21 key aspects for sustainability risk management in a 
product development context were proposed: 
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Sustainability Risk Scope 
1. Focus on the connection between the company’s contribution or 

counteraction to strategic sustainable development of society 
(considering both environmental and social issues) and the implications 
of that for company success. 

2. Make decision-makers understand that building sustainability-related 
capabilities ultimately is a matter of company survival. 

3. Identify and combine levers for different levels and functions within the 
company to motivate decision-makers to include sustainability aspects 
in risk management. 

4. Highlight the risks of inaction in light of the sustainability transition. 
 

Sustainability Risk Context and Criteria 
5. Use risk management as a language that practitioners can relate to in 

order to understand their self-interest for sustainability proactivity. 
6. Actively include the opportunity side of sustainability risks. 
7. Establish a CEO lead top-down red thread to identify, assess and manage 

sustainability risks on the right level of decision-making and the right 
level of detail. 

8. Operationalize what sustainability means for the company. 
9. Understand what conceptually differentiates sustainability risks from 

other types of risks, but in practice, manage them in an integrated way 
across all levels of decision-making. 

10. Include both a short- and long-term time perspective in sustainability 
risk management. 

 
Sustainability Risk Identification 
11. Use risk categories or guiding questions to support sustainability risk 

identification. 
12. Bring in external views and input in sustainability risk identification. 
13. Identify sustainability risks in relation to both external and internal 

stakeholder value creation. 
14. Combine scenario exploration based on forecasting from today, with 

backcasting based on a vision of a sustainable society in the future. 
 
Sustainability Risk Analysis and Evaluation 
15. Balance quantitative and qualitative risk assessment and consider both 

results in decision-making. 
16. Define and calibrate the risk appetite, based on company strategy, and 

align the methodology for sustainability risk assessment across all levels 
and functions. 

17. Test both specific tools for sustainability risk management and the 
integration of a sustainability perspective in existing tools. 
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18. Invest in communication and training for sustainability risk 
management and consider creating a role like chief risk officer or chief 
sustainability officer. 

 
Sustainability Risk Treatment 
19. Use requirements management to treat sustainability risks and apply a 

risk perspective to ensure that requirements are fulfilled. 
20. Use the organization’s risk appetite to escalate risks to the right level of 

decision-making, based on their likelihood and severity. 
 
Communication and Consultation 
21. Identify and use existing frameworks that can support sustainability risk 

management. 
 

 

5.3 How can a strategic sustainability perspective be 
integrated into risk management at product 
development and manufacturing companies? 

Building on the understanding of sustainability risks described in Section 5.1 
and the descriptive findings presented in Section 5.2, a conceptual approach 
for strategic risk management within the sustainability transition was 
developed as part of Paper D. As it is a conceptual approach, it is not directly 
applicable in practice. Its purpose is to show how different elements and 
steps can be combined to form a red thread for strategic sustainability risk 
management. Thereby, it presents a foundation for the development of 
practical support. In essence, the approach combines the ABCD procedure 
(see also Section 2.3) with findings from design for sustainability transitions 
and a risk management perspective. By doing so, it attempts to fill some of 
the gaps of existing sustainability risk management frameworks (see Section 
2.5), primarily by adding a strategic perspective, a full socio-ecological 
sustainability perspective, a focus on value, the time perspective, and the use 
of scenarios. The approach consists of six main steps, which are shortly 
described below and visualized in Figure 11. 

1. Visioning: By starting with the creation of a vision that is framed by the 
sustainability principles, a strategic long-term perspective is ensured. 

2. Current state assessment: An understanding of the current reality is 
necessary to identify the relevant issues that cause unsustainability in 
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the present and to recognize the discrepancy between the future vision 
and the present reality. 

3. Backcasting: Starting from the vision of success, scenarios are modeled 
to identify possible events at different points in time. 

4. Forecasting: To avoid a so called “reality gap” (Gaziulusoy et al. 2013), 
possible events in the short-, and medium term are explored based on 
the current reality and recent past, informed by a backcasting 
perspective.  

5. Bridging: In this step, events are identified that could link the forecasted 
events in the short term with the backcasted events in the long term.  

6. Risk Management: While the previous steps had the purpose to explore 
uncertainty, this step is about understanding the effects of that 
uncertainty on company objectives, i.e., risks. This is done by identifying 
and assessing how the events could affect the company’s ability to create 
internal and external stakeholder value and thereby to achieve its 
objectives.  

As the approach is layered, the steps can be done on different levels, 
providing both the opportunity to focus, but also to understand the 
intricacies of the interplay between the macro, meso, and micro levels.  
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Figure 11. Conceptual approach for strategic risk management within the 
sustainability transition. Source: Paper D 

The STARDUST method described in Paper E presents a first attempt to 
bring the conceptual approach into a method that can be applied in practice. 
It was adapted to and tested in a product portfolio context at Companies C 
and M. Portfolio planning was identified as a crucial step in the product 
development process when it comes to making sustainability-related 
decisions. It is where different time perspectives are considered and 
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objectives and requirements for development projects are developed, 
making it particularly relevant for sustainability risk management. Testing 
of the method indicated its value, e.g. for creatively and strategically 
exploring possible future events and their implications for the company. The 
big picture view and the long time perspective that the method require were 
encountered by curiosity and excitement, but also posed challenges for the 
practitioners, because of the uncertainty and complexity.  

Sustainability Impact and Effects Analysis 

While the STARDUST method is a creative process with a focus on exploring 
scenarios and their implications for the company product portfolio, Paper F 
aimed at developing support for systematically identifying, assessing, and 
managing sustainability risks and to thereby include a strategic 
sustainability perspective in technology or early product concept evaluation. 
By doing so, the purpose was to increase decision-makers’ awareness of the 
dynamic connections between sustainability aspects and business 
implications, which were described in Paper C.  

Based on the previous findings, especially the hypotheses derived in Paper C 
and the key aspects described in Paper D, an action research study with a 
large company in the aerospace industry was initiated. Over a period of two 
years, the so-called Sustainability Impact and Effects Analysis (SIEA) was 
developed and tested together with practitioners at the company. The SIEA 
method consists of four main steps, Figure 12:  

1. Sustainability assessment: In this first step, guiding questions which are 
based on the sustainability principles are used to map hot-spots of 
sustainability impact across the product life-cycle.  

2. Sustainability risk identification: This is the core step of SIEA, in which 
the sustainability hot-spots are connected to business implications 
based on an instrumental stakeholder perspective. It is investigated how 
the sustainability aspects identified in step 1 could positively or 
negatively affect the company’s ability to create stakeholder value. 
Stakeholder reactions can either pose threats or opportunities to the 
company in relation to the categories presented in Table 4.  

3. Sustainability risk analysis and evaluation: Once the sustainability risks 
are identified, they are assessed in relation to their likelihood and 
severity, similar to traditional risk management practices. This is 
necessary in order to be able to prioritize and allocate resources for risk 
responses. However, since it was found that the time dimension plays a 
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central role for strategically managing sustainability risks, they are 
assessed in relation to three different time perspectives.  

4. Sustainability risk treatment and communication: Finally, 
recommended actions are listed to treat the identified sustainability 
risks to either mitigate threats or exploit opportunities.  

 

Figure 12. The four steps of the SIEA method and related inputs and outputs. Source: 
Paper F 

To make SIEA applicable in practice, a tool based on the structure of Failure 
Mode and Effects Analysis (FMEA) was developed in an action research 
setup, i.e., through multiple iterative loops of prototyping, testing, and 
evaluating together with a multifunctional group at the aerospace company 
(Company C). The team had the need to investigate the sustainability impact 
and related business implications of a new concept for an engine component, 
which uses partly different material and partly different manufacturing 
processes compared to the current solution. In addition, SIEA was tested 
with a team at Company M, where the purpose was to explore business 
opportunities and threats with shifting to a low-lead brass material in some 
of the products.  

The results of these tests indicate the value of SIEA primarily for (i) group 
learning and creating an awareness of the connections between 
sustainability aspects and business implications across different time 
perspectives; (ii) providing traceable arguments for decision-making; and 
(iii) identifying actions for how to improve the product, both from an 
environmental, social, and economic point of view. The SIEA steps are rather 
generic and the tests also indicated the potential of SIEA to be used on 
different organizational levels and different stages of the product 
development process, e.g., for portfolio planning or for more detailed 
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questions around the design of a product or solution. However, more work 
is needed to test and verify the applicability of SIEA in other decision-making 
contexts. Numerous challenges and limitations were also identified during 
the tests, such as how to use the result for making decisions in trade-off 
situations, and how to assess whether a solution is a smart stepping stone 
within the sustainability transition, given the difficulties of exploring what 
the future might hold.  

 

 

5.4 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.  

An important yet difficult question is whether the developed support had 
the intended effect. The question is important because in order to advance 
the research area in sustainable product development, it is necessary to 
evaluate which support that is effective, which support that is ineffective, 
and why so is the case. The question is difficult because it is 
methodologically challenging to isolate the effect of an intervention and to 
control all other factors. This research attempted to validate the effects of 
the developed support by studying the participants’ perceptions of the 
supports’ effectiveness in relation to its purpose. This resulted in valuable 
insights, and it was a key part of the action research cycles in Paper F. Still, 
additional work is needed to validate the effectiveness of the developed 
support, for example by doing standardized tests with practitioners or 
students.  

The development of new tools for sustainable product development can be 
considered problematic, given that there is an abundance of tools and 
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methods in academia that is rarely or not at all used by industry (Faludi, et 
al. 2020; Peace et al. 2021). This is a valid point and the reason why SIEA was 
based on the widely applied FMEA structure. The development and testing 
of SIEA and STARDUST also yielded insights that are valuable beyond the 
tools themselves. Ongoing work is also investigating how main elements of 
SIEA can be simplified and integrated into existing tools and processes at 
Company C, which can provide findings on how tools can be adapted, 
integrated, and implemented.  

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 
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 product development companies. From a business perspective, the 
FSSD can be applied to guide decision-making 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 product development and manufacturing companies. 
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Thereby, it does not directly target change at the worldview 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 are 
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. 

5.4.1 Opportunities and Limitations of Engineering Design to 
Facilitate Change Towards Sustainability 

As described in Section 3.2, sustainability science can be viewed as a science 
of design. Engineering design in specific plays a crucial role in society’s 
transition towards sustainability because it can find solutions for how 
human needs can be fulfilled without systematically degrading the ecological 
and social systems. However, engineering design is not sufficient. The 
Promethean view that technology will solve humanity’s problems can be 
considered as a major part of the problem. The fusion between science and 
technology has led to accelerating progress in terms of, for example, life 
expectancy and living standard for a growing population, but it has also led 
to accelerating environmental problems. The acceleration in terms of speed 
of development is still ongoing. In the face of the sustainability challenge 
and technological development that can have a profound effect on humanity 
as a species, such as the rise of superintelligence or targeted and precise 
modification of the human (and other species’) genome, one must remember 
that design is guided by intent. There is no lack of technology to achieve 
sustainability. There is a lack of intent to do so. More than ever, there is a 
need for ethics in design and for a democratic discourse on how the world 
we envision for ourselves, future generations, and other life forms should 
look like. As described in the previous section, a change in worldview is 
necessary to achieve sustainability. Engineering design can play an 
important role in shaping solutions that contribute to a shift in worldview. 
This poses new challenges as to how to understand the potential 
implications of a design in relation to its wider effects on norms and values. 
At the same time, there is a need to design systems that reward and 
incentivize the development of such solutions. Systems that are guided by 
the intent to create a sustainable society.         
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6 Conclusions 

There has probably never been a time that has provided such a fruitful 
ground for innovation as today. The unprecedented challenges that 
humanity is facing in relation to the systematic degradation of the ecological 
and social systems that it depends on, also entail unprecedented 
opportunities for companies that can provide solutions that can turn 
development towards a sustainable path. There is significant uncertainty as 
to how society’s transition towards sustainability will continue to unfold and 
strategic leadership is required to take the decisions necessary to make the 
societal change happen, while at the same time benefitting from the business 
opportunities that the transition offers. 

This dissertation showed how a risk management lens can be used to guide 
strategic decision-making within the sustainability transition in a product 
development context by connecting sustainability aspects to business 
implications. Thereby, it highlighted the irrelevance of the question of 
‘whether it pays to be green’, which has been discussed for decades, and 
instead aimed for a more nuanced and constructive way of approaching the 
connections between sustainability aspects and economic aspects.  

 

6.1 Contribution 

The contribution of this dissertation can be divided into a contribution to 
knowledge and a contribution to practice. It contributes to the formation of 
knowledge, primarily by filling the gap which existed in relation to the 
conceptual understanding of what sustainability risks in a product 
development company context are. More specifically, the potential of how a 
risk management approach can support sustainable product development 
was investigated (Papers A and B); characteristics of sustainability risks were 
identified (Paper B); and hypotheses regarding preconditions for 
sustainability integration into company processes and tools were derived 
(Paper C). This work culminated in the proposal of a new definition of 
sustainability risks, building on existing work within the areas of strategic 
sustainable development and transition theory (Paper C). This dissertation 
also advocated the importance of viewing the ecological, social, and 
economic dimensions as nested interdependent systems (see also Figures 2 
and 9). While this conceptualization of sustainability is not new (Mebratu, 
1998), the research presented in this thesis aspired to make it tangible and 
applicable in practice in a product development context. This can be seen in 
contrast to Triple-Bottom-Line thinking, in which the three dimensions are 
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considered as partly overlapping dimensions of equal importance that need 
to be balanced, resulting in a trade-off like perception of the relationship 
between socio-ecological sustainability and economic success. Instead, 
contributing to socially and ecologically sustainable development must be 
viewed as a necessity and driver for economic success. The question that 
deserves further attention is not whether it pays to be green or not, but 
rather how decision-makers can be supported in finding solutions that 
contribute to society’s transition towards sustainability in a way that 
strengthens the own organization.  

The contribution to practice is centered around the purpose of providing 
decision-makers at product development companies with practical guidance 
and support for how they can work with sustainability risk management. 
Even though not focusing on risk management in particular, Paper A 
contributes to practice by recommending key steps for companies to 
improve their capabilities for sustainability integration in the early phases of 
the product innovation process. However, the main contributions to practice 
can instead be found in Papers D, E and F. As shown in the reviews in Papers 
B and C, some tools and methods for sustainability risk management exist. 
However, they do not capture the strategic perspective and the dynamic 
interplay between a company’s or product’s contribution or counteraction 
to strategic sustainable development and the risks that come with it, which 
Paper C found to be at the core of sustainability risk management. The 21 
key aspects for successful sustainability risk management can also function 
as direct guidance for practitioners (Paper D). Turning towards tools and 
methods, the conceptual approach for strategic risk management within the 
sustainability transition (Paper D) shows how different concepts and 
elements can be combined, while the STARDUST method (Paper E) presents 
a first attempt for how such an approach can be made applicable to explore 
future scenarios and to identify risks that can affect the company product 
portfolio. The Sustainability Impact and Effects Analysis (Paper F) 
contributes to practice by providing hands-on support for how to create 
awareness and systematically identify, assess, and manage sustainability 
risks in a product development context. The findings in relation to both 
theory and practice may also be used for education of industrial practitioners 
and university students, which is crucial for changing industry practices.  
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6.2 Future Work 

As much as this thesis intended to provide new insights and useful results, 
it also aspired to provide inspiration and a foundation for future research 
into multiple directions. The prescriptive support that was developed needs 
further validation and improvement to make it more useful and easier to be 
adapted by practitioners. Focusing on the implementation of sustainability 
risk management practices would be of high interest to increase the benefit 
and impact of this research. In conjunction with this, a particular question 
would be how an effective interplay between risk- and requirements 
management can be achieved to catalyze sustainable product development. 
As pointed out in Paper C, objectives, requirements, and risks constitute 
complementary and interdependent flows across organizational levels. Risk 
management is, by definition, done in relation to objectives, at the same time 
as objectives should be set with a risk perspective in mind and can even 
function as risk response. Future research could study how decision-making 
processes for risk- and requirement management could be linked to facilitate 
sustainable product development. Another area related to implementation 
is change management. As pointed out by Short et al. (2012), there might be 
sustainability risks for the company, but there are also risks for the 
individuals who are to take the decisions and implement the actions in 
response to the sustainability risks.  

Risk management is in essence about thinking about the future and what 
could happen. Hence the focus on scenario exploration in the STARDUST 
method (Paper E). While this work applied a qualitative approach, aiming at 
decision-making on a product portfolio level, future research could 
investigate how discrete event simulation and quantitative risk modelling 
(Enyoghasi et al. 2020) could be applied. This could be especially interesting 
for decision-support on operational level. Finally, it would be relevant to 
investigate how the findings of this thesis could be used to connect 
sustainability aspects with business Key Performance Indicators (KPIs) and 
how strategic sustainability risk management could be used in the finance 
sector to make investment decisions. For example, there could be synergies 
with initiatives like the Future-Fit-Business-Benchmark (Future-Fit 
Foundation, 2021). This would also open a path in relation to research on the 
reporting of sustainability risks.   

The speed of change in combination with the profound uncertainty around 
how the sustainability transition is going to unfold can feel overwhelming 
and paralyze decision-making. Strategic leadership is required to 
successfully navigate these times and to take wise decisions when 
uncertainty is deep, and the stakes are high. It is those decisions that matter.  
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Capabilities for Sustainable Product Design 
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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 Turnover, 
k€  Employees Recipients Respondents Response 

rate* 
A 75 000 100 22 16 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: 

• 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. 



Paper A 

 89 

• 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 short-
term 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 short-
term 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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Figure 4. Key steps for companies to further improve capabilities for 
sustainability integration. 

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

Strengthen and 
visualize 

management 
commitment

• 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).

Speed up 
sustainability 
prioritization

• 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.

Create a 
shared 

understanding 
of 

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).

Investigate the 
business case 

for 
sustainability

• 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).

Balance long-
term and 

short-term 
perspectives

• 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.

Integrate 
sustainability 
in processes 
and support 

tools

• 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.

Invest in 
education and 

training
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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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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) 

Examples of sustainability 
related threats 

Examples of sustainability related 
opportunities 

1.  Reputation/ 
brand 

Negative publicity, scandals, 
boycotts, e.g. Citigroup, Nike, 

ExxonMobil, Shell, Nestle, Coca-
Cola, PepsiCo 

Increased brand value, strategic 
positioning of the brand, e.g. 

Patagonia, The Body Shop, Unilever, 
3M 

2.  Economic 
slowdown No direct sustainability connection 

3.  
Regulatory/ 
legislative 
changes 

Social or environmental legislation 
may lead to increased costs, e.g. 

energy- and carbon taxes, REACH. 

Proactivity can result in competitive 
advantage when being ahead of 

legislation while competitors 
struggle, e.g. Electrolux 

4.  Increasing 
competition 

Low sustainability performance may 
lead to lower competitiveness 

Increasing demand for more 
sustainable products. Sustainability 

as a value driver and competitive 
advantage. 

5.  
Attract or 
retain top 

talent 

Meaning-making and contributing to a good cause becomes more and 
more important when professionals choose their jobs and career paths. 

6.  

Challenge 
to innovate/ 

meet 
customer 

needs 

Intangible properties are more and more important, e.g. VIPP is selling 
trash bins and toilet brushes for several hundred euro per piece. 

Sustainability is one of the most important intangibles. Increasing 
customer demand for more sustainable products. 

7.  Business 
interruption 

Supply chain disruptions (e.g. 
dependence on rare substances), 

boycotts, accidents etc. 

More resilient operations and supply 
chains. 

8.  Third-party 
liability 

Fines, settlements, lost (social) 
license to operate 

Minimized probability and 
consequences of third-party liability 

events 

9.  Computer 
crime No direct sustainability connection 

10.  Property 
damage 

Riots and sabotage due to social 
opposition, extreme weather events 

Minimized probability and 
consequences of property damage 
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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 long-
term 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, step-
by-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; 
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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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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 sustainability-
driven 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 sustainability-
related 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. 

 



Jesko Schulte 
Strategic Sustainability Risk Management in Product Development Companies 

 130 

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 project- 
and 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 



Jesko Schulte 
Strategic Sustainability Risk Management in Product Development Companies 

 136 

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 Document Review at Case 
Companies 

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 Role Company 
A B 

Strategic 
Senior manager - 2 
Enterprise risk management (ERM) 
process expert 1 1 

Tactical 
Product or technology planner 1 3 
Commercial director 1 - 
Product cost engineer 1 - 

Operational 

Project manager - 2 
Product risk manager 2 2 
Procurer 2 1 
Process risk manager 1 - 
After market manager 1 1 
Environmental manager 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 No. Aspect 

1 = Very Low 
Degree 

1 = Very 
Uncertain 

10 = Very 
High 

Degree 

10 = Very 
Certain 

I. 
Organizational 

Design 
Experience 

1 

The group of people 
carrying out ERM 
activities is familiar with 
key technologies 

1-10 1-10 

2 

The group of people 
carrying out ERM 
activities is familiar with 
the supply chain 

1-10 1-10 

II. Risk 
Management 
Personnel and 

Resources 

3 
Employees are motivated 
to perform/implement 
ERM 

1-10 1-10 

4 
ERM has available, 
qualified experts to 
implement the process 

1-10 1-10 

5 

There are sufficient 
resources (money, time 
etc.) and personnel to 
conduct ERM 

1-10 1-10 

III. 
Sustainability 

Risk 
Management 

6 

Societal trends are 
identified, monitored, 
and considered in risk 
management 

1-10 1-10 

7 
There is a clear 
understanding of what 
sustainability risks are 

1-10 1-10 

8 
Sustainability risks are 
systematically identified, 
assessed and treated 

1-10 1-10 

9 

Connections between 
sustainability risks and 
other risks are actively 
managed 

1-10 1-10 
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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 multi-
criteria decision aid methodology to assess corporate sustainability and 
related risks. In the conceptual paper by Wong [52], it is discussed how non-
financial 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 risk-
free 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 sub-
disciplines 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 objective- 
and 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 time-
consuming 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 



Jesko Schulte 
Strategic Sustainability Risk Management in Product Development Companies 

 152 

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 risk-
management 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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(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? 

6. 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. 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? 

8. 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? 

9. How do you categorize, classify, or group risks? 

(a) Where does this categorization come from? 

10. 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) Or do other tools or activities that you use include a risk 
perspective? 
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(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? 

12. 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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Abstract 

Society’s transition towards sustainability comes with radical change, which 
entails significant threats and opportunities for product development and 
manufacturing companies, for example related to new legislation, shifting 
customer preferences, and increasing raw material prices. Smart risk 
management therefore plays a key role for successfully maneuvering 
society’s sustainability transition. However, from a company perspective, it 
remains challenging to connect the macro-level societal change with 
tangible risks for the business on the micro level. Based on interviews with 
academic and industrial experts, this study identified 21 key aspects for 
sustainability risk management. Drawing on these results and research from 
the areas of transition design, strategic sustainable development, and 
sustainability risk management, a conceptual approach for strategic risk 
management within the sustainability transition is presented. It builds on 
layered, double-flow scenario modelling in which backcasting from a vision, 
framed by basic principles for sustainability, is combined with forecasting 
from the present. The implications of such scenarios, i.e., risks, can then be 
identified and managed. By doing so on different scales, connections 
between macro- and micro-level change can be established. Thereby, 
product development companies shall be supported in making sustainability 
an intrinsic part of decision-making across the strategic, tactical, and 
operational levels to increase competitiveness while contributing to the 
transition towards a sustainable society.  
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1 Introduction 

From a societal perspective, it is crucial that product development 
companies accelerate their sustainability-related efforts. They play a decisive 
role in the transition towards a sustainable society, not only because 
products and services cause immense use of resources and energy during 
their life-cycle [1], but also because it is in product development that the 
social meaning and the role of products within the larger system starts to 
form [2]. However, what are the implications of this macro-level transition 
for companies and their product development and manufacturing activities 
on the micro level? There has been extensive research on the connection 
between Environmental, Social, and Governance (ESG) and financial 
performance of companies, going back as far as to the early 1970s. Even 
though the aggregated empirical evidence suggests that there is a positive 
correlation between the two factors, the question of whether it “pays to be 
green” has not received a definite answer [3,4,5]. However, shifting towards 
sustainable business practices is inevitable in the long term if human 
society’s continuation on this planet is to be ensured [6]. Therefore, the most 
relevant question is not if, but rather what, when, and how sustainability 
initiatives should be pursued by companies. Being too passive or investing 
in sustainability initiatives that are not strategic can become costly in the 
face of, for example, legislative change, shifting customer demands, or 
because of reputational damage. On the other hand, it can be just as costly 
to be too proactive, for example when large amounts of resources are spent 
on products that are performing well from a sustainability perspective, but 
that are too costly or where there is not enough customer demand yet. 
Hence, the challenge is how companies can strike a balance and thereby reap 
business benefits, while contributing to society’s transition towards a 
sustainable state [7]. Sustainable product development is defined as the 
integration and implementation of such a strategic sustainability perspective 
in the early phases of the product innovation process, including life-cycle 
thinking [8]. 

A risk management lens has been pointed out as a constructive way to 
engage in a more hands-on manner with companies around the business 
benefits related to sustainability aspects and to understand and address the 
implications of the ongoing transition of the societal system on the macro 
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level for companies and product development on the micro level [6]. The 
main potential of applying a risk management approach is that it can use a 
familiar language and process to highlight the motivation and driving forces 
for sustainability in terms of both threats and opportunities on different 
organizational levels of the company. Such risks can be related to, for 
example, reputation, the ability to attract investment and talented 
employees, supply chain resilience, and raw material and energy costs 
[1,9,10]. However, questions remain both in relation to the theoretical 
concept of sustainability risk management as such and in relation to 
processes and tools for applying it in practice. Especially, research on the 
connection between sustainability risk management, transition design, and 
strategic sustainable development is scarce. Therefore, the following 
research questions are addressed: 

− What are key aspects for successful sustainability risk management in a 
product development company context? 

− How can a risk management lens be used to understand the implications 
of macro-level societal change on micro-level product development 
company objectives on different levels of decision-making? 

By addressing these questions, the study has three aims: (i) to identify 
aspects that are essential for sustainability risk management in a product 
development company context and that can function as concrete 
recommendations for practitioners; (ii) to validate the sustainability risk 
definition and hypotheses proposed in an earlier study by Schulte and 
Hallstedt [6]; and (iii) to develop a conceptual approach that can support 
companies in finding and maneuvering the smart zone between being too 
passive and too proactive in relation to sustainability.  

 

2 Background 

This research draws on findings and theory from three main areas, which are 
transition design, strategic sustainable development, and sustainability risk 
management. 

2.1. Transition Design 

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 
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system” [11]. For a transition towards sustainability to happen, system 
innovations are required, i.e., one socio-technical system transitioning into 
another [12]. This can also be viewed as a design challenge, where 
sustainability is used as a meta-objective [13]. For understanding system 
innovations, which happen within a complex interplay of forces and change 
on different levels, a multi-level perspective (MLP) is necessary. The MLP 
proposed by Geels [12] includes three levels: (i) the macro level (also referred 
to as landscape), which includes the high-level structures in terms of, for 
example, culture, macro-politics, and macro-economics. Change on this 
level is usually slow and cannot be forced by single actors. This level provides 
the landscape for (ii) the meso level (also referred to as regimes). This level 
is about the rules and regimes of societal activities in terms of, for example, 
technology, science, and business activities. Here, the status quo is often 
enforced. This is different for (iii) the micro level (also referred to as niche 
level), where new innovations can be explored and tested, which may or may 
not be in line with the current socio-technical systems. It should be noted 
that the three levels have no sharp boundaries and represent a continuum 
rather than three distinct levels. Product development companies play a key 
role for systems innovation, because they can envision and create the 
solutions on the micro level that can shake established systems on the meso 
level and, over time, contribute to change on the macro level. At the same 
time, product development companies need to understand and anticipate 
change on the macro- and meso level in order to ensure relevance and 
competitiveness within the current and future socio-technical systems 
(Figure 1). 

 

Figure 1. Change on the macro-, meso-, and micro levels comes with implications for 
the strategic, tactical and operational levels of a company. 
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Gaziulusoy et al. [2] presented a scenario method for how company teams in 
practice can link product development to visions of sustainability at the 
societal level to generate innovation pathways that respond to the systemic 
changes in the transition towards a sustainable society. The method, 
operationalized in the form of a 2-day workshop process, consists of three 
phases: Firstly, an understanding of the system and the interrelationships 
between the environment, society, and economy is created. This step also 
includes the identification of risks to sustainability of society, as well as 
mitigation measures. Secondly, after the creation of a societal vision in which 
the previously identified risks are mitigated, the workshop participants map 
exploratory as well as backcasting scenarios and identify aligning paths. 
Stakeholders with high influence on the scenarios are then incorporated into 
the map. Finally, product and service ideas are placed on the map, based on 
when they could be introduced. Thirdly, an action plan is created based on 
the results. 

Scenario modelling and backcasting played a central role in research on 
transitions and system innovations since the very beginning [14]. However, 
it often remains unclear how visions of sustainable futures can be created 
that ensure that the vision is (i) socially and ecologically sustainable; (ii) 
sufficiently concrete to be able to backcast from it; (iii) not so detailed that 
it would easily become obsolete, for example in the face of technology 
advances; and (iv) possible for larger groups of people to agree on. 

2.2. Strategic Sustainable Development 

Both on a societal and on a company level, it is crucial to apply a strategic 
perspective when planning for, and working with, sustainable development. 
Otherwise, there is a risk that solutions and actions that might be better 
from a sustainability perspective compared to the status quo in the longer 
term turn out to be blind alleys on the way towards a fully sustainable state 
(Figure 2). For example, it is possible to increase efficiency and to reduce 
emissions of a gasoline engine, but there is no place for the gasoline engine 
in a fully sustainable society—it is a blind alley. To be able to be strategic (in 
any context), it is necessary to know the desired outcome. In this case, a 
vision of a future sustainable society is necessary. Once such a vision is 
created, backcasting [15] can be applied to study which steps that are 
required to, over time, move towards the future vision. This is different from 
forecasting, which focuses on making predictions about what is likely to 
happen based on trends in the past with risks for path dependencies. 
Effective backcasting requires a vision which is neither too vague, not 
providing any practical guidance, nor too specific, limiting the solution space 
more than necessary and making it difficult for people to agree on the vision. 
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Within the Framework for Strategic Sustainable Development (FSSD), which 
has a backcasting perspective at its core, basic principles for sustainability 
were derived with the aim of being necessary, sufficient, general, concrete, 
and non-overlapping, to provide a definition of an ecologically and socially 
sustainable society. They represent the root causes of unsustainability, up-
streams in cause and effect chains. The sustainability principles (SPs) state 
that “In a sustainable society, nature is not subject to systematically 
increasing (1) concentrations extracted from the Earth’s crust, (2) 
concentrations of substances produced by society, (3) degradation by 
physical means; and people are not subject to structural obstacles to (4) 
health, (5) influence, (6) competence, (7) impartiality, and (8) meaning 
making” [16]. 

Figure 2. The ABCD procedure for strategic sustainable development. 

When developing a vision, the principles can be used as boundary 
conditions, ensuring that the vision is in line with the basic requirements of 
sustainability, while not encroaching the solution space more than necessary 
[16]. However, there are drawbacks with applying a backcasting perspective 
alone, because that can lead to a so called “reality gap” in the present [2]. To 
avoid this, forecasting within a backcasting approach can complement a 
pure backcasting perspective, i.e., it is assessed what is likely to happen in 
the future based on existing trends, but this assessment is informed by the 
direction given by backcasting from a vision of success [16]. 

To support the application of strategic sustainability thinking in planning 
and decision-making contexts, the FSSD includes a four-step operational 
procedure, called ABCD. It starts by creating a vision framed by the 
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sustainability principles (A), then the current situation is scrutinized 
through the lens of the vision (B), and possible solutions that could lead from 
the present towards the future are identified (C), before actions are 
prioritized and a roadmap is created (D) [16]. The FSSD and its operational 
procedure have been applied in a variety of contexts, including sustainable 
product development [8]. 

2.3. Sustainability Risk Management in Product 
Development Companies 

In the ISO 31000 standard, risk is defined as the “effect of uncertainty on 
objectives” and a general process for risk management is presented, Figure 3 
[17]. In product development companies, risk management is an established 
practice on both the strategic, tactical, and operational levels, and a variety 
of tools and methods exists [18]. However, risks related to social and 
environmental issues have not traditionally been included in a systematic 
way. Effective management of such risks can yield significant benefits, such 
as operating cost reduction, proactive compliance with regulation and 
industry standards, improved stakeholder relations, and competitive 
advantages [19]. Hallikas et al. [20] further stressed the significance of 
sustainability practices in risk management. However, there are numerous 
challenges, partly due to the inherent properties of sustainability risks, e.g., 
related to temporal dynamics and qualitative aspects of sustainability, and 
partly due to lack of knowledge and support, e.g., for how to create a shared 
understanding of sustainability risk, and to make an appealing business case 
for sustainability risk management [21]. Additionally, dependency on 
unreliable sources, unpredictability of sustainability risks, methodological 
difficulties and subjectivity, and complexity and context-dependency are 
central obstacles for measuring sustainability risks [22]. Aziz and Manab [23] 
identified some success factors for sustainability risk implementation, such 
as senior management leadership, board oversight, and training. 

 

Figure 3. Risk management process based on ISO 31000. 
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Even though the general process for risk management, Figure 3, is applicable 
also for sustainability risks, they have properties that require a new 
perspective and companies need support to be able to understand, identify, 
and manage such risks in a strategic and systematic way. Hofmann et al. [24] 
and Hajmohammad and Vachon [25] studied sustainability risks in a supply 
chain context and used instrumental stakeholder theory to argue that 
sustainability risks are triggered by stakeholder reactions. This is in line with 
the findings by Lloyd et al. [26], who define environmental business risks as 
“‘stakeholder responses to environmental impacts with the potential to 
cause harm to business objectives”. Schulte and Hallstedt [6] also stress the 
importance of a stakeholder perspective and defined sustainability risks as 
“threats and opportunities that are due to an organization’s contribution or 
counteraction to society’s transition towards strategic sustainable 
development”. This definition highlights that sustainability risks are highly 
dependent on the company’s actions and practices in relation to the larger 
socio-technical system that the company is part of. In the same study, 
hypotheses regarding current practices and preconditions for sustainability 
integration in risk management were proposed. As the transition towards a 
sustainable society is ongoing, there are significant threats with inaction. 
Short et al. [27] argue that companies need to shift attitude from trying to 
minimize the effect of the transition on company economic value to 
proactively exploiting opportunities, which can positively affect both short- 
and long-term economic success. 

Several tools and methods for sustainability risk management, specifically in 
product development, have been presented. Based on an integrated bottom-
line perspective, Palousis et al. [28] presented a framework that combines 
Life Cycle Assessment (LCA) with Life Cycle Costing (LCC) to assess product 
sustainability risk. They later suggested so called sustainability risk trees as 
a tool for creating chains from (i) the product’s life-cycle impacts; (ii) 
contribution of that impact to unsustainable societal trends; (iii) societal 
responses to such trends; and (iv) effects of these responses on the life-cycle 
cost of the product [29]. Another method is the sustainability assessment 
and value evaluation (SAVE), which combines a strategic sustainability 
assessment with net present value analysis to investigate the implications of 
different scenarios on manufacturing cost [30]. On the strategic level, 
attempts to integrate a sustainability perspective in enterprise risk 
management (ERM) have been presented, e.g., [31,32,33,34]. 

The connection between transitions and risk is the point of departure for the 
work by the Task Force for Climate-related Financial Disclosures (TCFD), 
which is providing voluntary advice for companies on how to disclose 
information to investors on how the company can be affected by society’s 
transition towards a lower-carbon economy. Scenario analysis is specifically 
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highlighted as a way for companies to explore how the future might look like 
and to identify and assess potential implications of a range of plausible future 
developments. The main benefits of scenario analysis, which can be 
qualitative or quantitative, are that it can (i) help consider issues that are 
highly uncertain, complex, affect both the short-, medium-, and long-term, 
and have potential disruptive effects; (ii) enhance companies’ strategic 
conversations by broadening decision-makers thinking; (iii) help frame and 
assess the range of possible impacts on the company; (iv) help identify 
indicators to monitor the external environment; and (v) assist in 
understanding the robustness of a decision-making strategy. Thereby, 
companies can develop strategic plans that are more flexible and robust and 
that can more effectively manage transition risks. However, the TCFD points 
out that even though scenario analysis is a well-established practice for 
developing strategic plans, its use for understanding business implications 
of large-scale transitions is still at an early stage. Most scenarios address the 
global macro level change and there are challenges in how to connect such 
macro-level scenarios to a level that is closer to the company decision-
making context [35]. Additionally, the TCFD focuses on climate change and 
does not include a full sustainability perspective. Neither does the scenario 
analysis necessarily include a strategic perspective in the sense of what was 
described in Section 2.2. 

 

3 Methods 

A qualitative research approach was applied, based on the interactive, 
systemic research design model proposed by Maxwell [36]. An overview of 
the research process is presented in Figure 4. 
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Figure 4. The main steps of the research process. 

During the fall and winter of 2019, eight semi-structured interviews were 
conducted with academic and industrial experts. Purposeful sampling was 
applied, i.e., the interviewees were not selected randomly with the objective 
to be representative, but instead they were chosen based on their experience 
in the area of sustainability risk management. A list of potential interviewees 
was created. For the academic experts, a previous literature review [6] was 
used to identify key researchers in the area. For the industrial experts, the 
sampling started with a review of sustainability reports by large product 
development and manufacturing companies in Sweden. In cases where the 
report made a clear connection between sustainability and risk 
management, the company’s contact person was added to the list. The 
homepages of these companies were then reviewed, and snowballing was 
applied, which led to the identification of other companies, primarily 
consultancies. Hence, all consultancies included in the study work in a 
product development company context. Looking into homepages and 
documents by these consultancies led in turn to additional companies and 
contact persons being identified. Table 1 provides an overview of the 
interviewees, all of whom have long and extensive experience on 
sustainability risk management. 
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Table 1. Overview of interviewees included in this study. 

Expert Country Sector 

Industrial Expert 1 Sweden Large company in the construction industry 

Industrial Expert 2 UK Small consultancy 

Industrial Expert 3 Sweden Large company in the furniture industry 

Industrial Expert 4 Sweden Large consultancy 

Industrial Expert 5 Sweden Small consultancy 

Industrial Expert 6 Singapore Large consultancy 

Academic Expert 1 USA University 

Academic Expert 2 Finland University 

 

The interviews were semi-structured, i.e., following an interview protocol to 
provide structure and to ensure that all relevant topics are covered in every 
interview, but at the same time allowing for follow-up questions and 
adjustments based on the specific situation [37]. The interview protocol, 
Appendix A, was adjusted for each interview to fit the role and context within 
the interviewee was working [38]. Some general questions about the 
interviewee and his or her working tasks were used to open up the interview, 
followed by three main sections: (i) the concept ‘sustainability risk 
management’; (ii) tools and methods; and (iii) challenges and success 
factors. Within each section, the questions started with pure inquiry, 
continued with exploratory diagnostic inquiry and concluded with 
confrontive inquiry. The steps of the risk management process, shown with 
solid lines in Figure 3, were used as a structure for the interviews. These steps 
were selected as the focus for this study because they form the necessary core 
of the process, which needs to be established before monitoring and review, 
as well as recording and reporting can take place. 

Each interview lasted between 50 and 90 min and all interviews were 
recorded and transcribed. Qualitative data analysis was then conducted with 
two major rounds of coding. In the first round, a pre-defined set of codes was 
applied, which was based on the themes of the interviews and the steps of 
the ISO 31000 risk management process. This coding was then used for a first 
restructuring of the data, which provided the starting point for the second 
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round of coding, this time using inductively derived codes with a higher level 
of detail. The process started by open coding where the data were read 
repeatedly and tentative labels for chunks of data were created based on the 
meaning that emerged from the data. This led to the creation and refinement 
of codes in an iterative process. Dual coding was allowed to enable multiple 
ways of restructuring the data [39]. Axial coding was then performed, where 
relationships between codes were identified and the data was restructured 
again. From there, the results of the analysis were synthesized before doing 
a final selective coding to check and refine the outcome [40]. Of the 13 tactics 
for generating meaning presented by Miles et al. [38], multiple were 
combined, primarily noting patterns, clustering, making contrasts and 
comparisons, subsuming particulars into the general, and making 
conceptual coherence. Based on the outcome of the analysis and informed 
by the literature, the results were synthesized into a preliminary set of key 
aspects. This first version was sent back to the interviewees alongside a 
questionnaire (Appendix B), which had the purpose to validate and receive 
feedback on the findings, provide the opportunity for the interviewees to 
take part of the study results, and to identify needs and areas of interest for 
further research. In total, four of the eight interviewees responded and 
provided extensive qualitative feedback, which was analyzed with a single 
round of coding. The results led to the refinement of the key aspects. The 
development of a conceptual approach for strategic sustainability risk 
management took then place based on the identified key aspects and 
previous research within the areas of transition design, strategic sustainable 
development, and risk management. 

 

4 Results 

4.1. Key Aspects for Strategic Sustainability Risk 
Management 

The purpose of this part of the study was (i) to identify key aspects for 
successful sustainability risk management in product development 
companies that can provide more detailed recommendations and guidance 
for researchers and practitioners; and (ii) to test the previously developed 
definition of sustainability risks [6]. This section describes the synthesized 
results of the interview analysis and uses quotes to give illustrative examples 
of the interviewees’ own words. The structure of this section follows the 
selected steps of the ISO 31000 standard for risk management. 
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4.1.1. Sustainability Risk Scope 

The interviewees were asked about their understanding of what 
sustainability risks are and why they are relevant from a business 
perspective. According to the interviewees, sustainability risks include “[…] 
two main areas: one, environmental, and two, social justice. Environmental 
risks involve causing damage, harm to the environment, or nature, or eco-
systems […]. Social justice risks involve not treating people, or groups or 
individuals, in a fair, respectful and non-discriminatory manner” (academic 
expert). This also includes business ethics and anti-corruption. Both the 
academic and industry experts agree that capabilities to effectively manage 
sustainability risks are decisive for long-term business success: 
“sustainability is not something we do because we are so nice people—it’s a 
matter of survival” (industry expert). This attitude towards the driving forces 
for sustainability risk management is relatively new: “in former times, the 
driving force was to avoid scandals. […] Now, it’s about market shares and 
developing the company” (industry expert). In addition, investors’ increasing 
interest in companies’ sustainability-related capabilities is highlighted as 
one of the strongest levers for getting senior management attention. An 
aspect that is considered special for sustainability risks is the significant risk 
of inaction: “we are not so familiar with thinking that it is a larger risk not to 
do and test things than to do them. Traditionally, we think about risks with 
doing things—not risks with refraining” (industry expert). 

Based on the findings, the following key aspects (KA) were identified: 

KA1: Focus on the connection between the company’s contribution or 
counteraction to strategic sustainable development of society (considering 
both environmental and social issues) and the implications of that for 
company success. 

KA2: Make decision-makers understand that building sustainability-related 
capabilities ultimately is a matter of company survival. 

KA3: Identify and combine levers for different levels and functions within 
the company to motivate decision-makers to include sustainability aspects 
in risk management. 

KA4: Highlight the risks of inaction in light of the sustainability transition. 

4.1.2. Sustainability Risk Context and Criteria 

Being able to manage sustainability risks requires organizational 
capabilities. As exemplified by the following quote, both academic and 
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industry experts consider risk management, if properly introduced, as “a 
useful language and a useful tool to make them [companies] think about 
risks that are not immediately observable or visible in their business context, 
but that are relevant or will be relevant essentially to their bottom line” 
(academic expert). While traditionally oftentimes dominated by a focus on 
threats, multiple interviewees stress the importance of considering 
opportunities, especially because “when people hear risk management, they 
usually think ‘boring’—but the flip-side, opportunities, means that if you do 
something smart, you can make a lot of money” (industry expert). That is a 
key point because “changing the language to the opportunities of risk 
management just changes everything—attitudes, perceptions, biases. 
Looking at risk management as opportunities alters the whole buy-in process 
from the Board, through the CEO down to the workers” (academic expert). 

Several interviewees stress the importance of top-down flows of 
commitment and objectives: “the best companies integrate sustainability 
from the top, which means integrating sustainability into strategy in a way 
that is coherent, and you can set measurable goals and targets and once you 
have that, everything else flows down from that” (industry expert). The CEO 
specifically plays a key role in showing what sustainability means for the 
company and because “if the CEO does not strongly endorse and 
communicate sustainability risk management, those employees below 
him/her will often ignore or not have a strong commitment in their efforts” 
(academic expert). Such a company understanding of sustainability needs to 
be created “with references to and in the context of the larger system 
sustainability requirements” (academic expert) in order to avoid 
overemphasis on, for example, financial sustainability. However, a major 
challenge with this top-down flow across organizational levels is that “people 
talk a lot about it [sustainability risks] and they are very concerned about it, 
but they don’t do anything about it. Typically, because the risks are far too 
high-level to be practical” (industry expert). Hence, sustainability risks “have 
to be at the level where you can do something about them” (industry expert), 
meaning that they must be sufficiently detailed and specific to be helpful in 
decision-making on different levels. For example, on the operational product 
development level, it is not enough to identify that there is risk related to 
climate change. Instead, the risk needs to describe that, for example, because 
the product consumes fossil fuels in the use phase, which contributes to 
climate change, there may be a decrease in customer demand in the future. 

Whether and to what degree sustainability aspects should be integrated into 
existing processes and tools or separated is a widely discussed topic in the 
literature, e.g., in relation to portfolio management [41]. Although 
sustainability risks can conceptually be separated from other types of risks, 
based on their source of uncertainty, the experts consistently state that in 
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practice, it is difficult to delimitate sustainability risks from other types of 
risk, since they are an increasingly integrated part of the enterprise risk 
universe: “Some companies got a sustainability risk register, […] but that is 
kind of pointless, because then you don’t integrate it in how you think about 
strategy and risk” (industry expert). However, that does not mean that there 
is no need for explicit sustainability functions, documents, or tools: “you 
need both [integrated and separated] actually. For example, we have a 
sustainability strategy in a separate document, but it is integrated in many 
other strategies” (industry expert). 

Another organizational success factor mentioned is “increasing the time 
frame so that risks with a frame of 20 years that were ignored in the past, are 
now included” (industry expert). This is necessary because the time frames 
for sustainability risks are very variable and because of longer-term risks that 
may have a low likelihood but a very high severity. The interviewees 
frequently mentioned short-sightedness as a major challenge, in part due to 
focus on short-term economic profit. 

Based on the findings, the following key aspects were identified: 

KA5: Use risk management as a language that practitioners can relate to in 
order to understand their self-interest for sustainability proactivity. 

KA6: Actively include the opportunity side of sustainability risks. 

KA7: Establish a CEO lead top-down red thread to identify, assess and 
manage sustainability risks on the right level of decision-making and the 
right level of detail. 

KA8: Operationalize what sustainability means for the company. 

KA9: Understand what conceptually differentiates sustainability risks from 
other types of risks, but in practice, manage them in an integrated way across 
all levels of decision-making. 

KA10: Include both a short- and long-term time perspective in sustainability 
risk management. 

4.1.3. Sustainability Risk Identification 

Risk identification is a crucial step because all risks that are not discovered 
will not be part of the other steps of the process neither. Identifying 
sustainability risks comes with challenges, because they are complex and 
“get a lot of media coverage but are not very tangible” (industry expert). On 
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the strategic level, risk identification often starts with “intelligence studies 
and materiality assessments to understand the risk universe” (industry 
expert), including participation in external forums. Based on the results, 
“people are using risk categories as support for identification” (industry 
expert), or guiding questions. Some companies also use “a central team to 
provoke and provide additional detail both on some of the unique risk of a 
business unit, but then also to give more insight into what ESG risk means” 
(industry expert). However, it is also emphasized that it is not only about 
understanding and reacting to external trends, such as changes in legislation 
and customer demands, but also about the strategic vision. Hence, 
sustainability risks must be identified in relation to both external 
stakeholders and trends as well as internal stakeholders and strategy. 

Some of the companies represented by the interviewees, use scenarios to 
assess how, for example, sustainability-related legislation might change. In 
order to be able to be strategic and foresee changes on more and more 
sustainability-driven markets, backcasting is also necessary to “analyze 
where the world in going, because otherwise we will not survive as a 
company” (industry expert). 

Based on the findings, the following key aspects were identified: 

KA11: Use risk categories or guiding questions to support sustainability risk 
identification. 

KA12: Bring in external views and input in sustainability risk identification. 

KA13: Identify sustainability risks in relation to both external and internal 
stakeholder value creation. 

KA14: Combine scenario exploration based on forecasting from today, with 
backcasting based on a vision of a sustainable society in the future. 

4.1.4. Sustainability Risk Analysis and Evaluation 

Just like other types of risks, sustainability risks are primarily assessed based 
on likelihood and severity. The difficulty is that sustainability risks are 
characterized by so-called deep uncertainty [42], making such assessments 
challenging and imprecise. Further, sustainability includes qualitative 
aspects, which require a “value call or judgement for those dimensions that 
you can’t easily quantify in monetary terms […], e.g., human rights” (industry 
expert). To avoid too large subjectivity in the assessment, internal alignment 
and careful “calibration of the risk appetite on all levels, all the way back to 
the strategy” (industry expert), are necessary, for example by aligning the 
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methodology. Most industry experts state that they use traditional, 
qualitative risk management tools, such as root-cause analysis, 5 Whys, and 
risk matrices, also for sustainability risk management, even though with 
some challenges. Communication and training are pointed out as an 
important way both for calibrating the risk appetite and for making proper 
use of tools and methods. This is a common challenge: firstly, “people 
internally simply don’t got the expertise to—even at a basic level—assess 
likelihood and severity of sustainability risks”, and secondly, even if the risks 
are assessed, “the chief risk officer or the CFO [Chief Financial Officer] has 
to then convince the board of the importance of the risks, because they then 
have to allocate resources to mitigate the risks. They must be able to explain 
the risk and the impact and likelihood with enough detail and a CFO is not 
traditionally trained to do this” (industry expert). 

Based on the findings, the following key aspects were identified: 

KA15: Balance quantitative and qualitative risk assessment and consider 
both results in decision-making. 

KA16: Define and calibrate the risk appetite, based on company strategy, and 
align the methodology for sustainability risk assessment across all levels and 
functions. 

KA17: Test both specific tools for sustainability risk management and the 
integration of a sustainability perspective in existing tools. 

KA18: Invest in communication and training for sustainability risk 
management and consider creating a role like chief risk officer or chief 
sustainability officer. 

4.1.5. Sustainability Risk Treatment 

In this step of the risk management process, the company needs to decide 
on the response to the risks. This is not necessarily different for sustainability 
risks than other types of risks and the traditional options, e.g., to avoid, 
transfer, or monitor the risk, may be applied. However, due to the deep 
uncertainty that comes with sustainability risks, other mitigation strategies 
should also be considered, for example robust decision-making and 
resilience strategies [42]. The industrial experts highlight the importance of 
requirement management in risk treatment: “By developing requirements, 
we mitigate the risks that we identified internally and externally”, to secure 
the brand, comply with legislation, meet customer needs, etc. Hence, a risk 
lens is applied in two ways: firstly, to develop the best possible set of 
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requirements to respond to identified risks, and secondly, to ensure that the 
requirements are fulfilled once they are in place. 

While the requirements mostly are cascaded top-down, the risks are 
escalated bottom-up: “something in the process is broken if the strategic 
risks are different from the operational risks. […] Input to the company risks 
should come bottom-up” (industry expert), strengthening earlier findings by 
Schulte and Hallstedt (2018). To determine to what level of decision-making 
a risk should be escalated, the measure of severity and likelihood is used. 
However, this may require a difficult aggregation of risks from very specific 
on the operational level to broader categories on the strategic level. What 
kind of risk treatment that in the end is selected, usually involves making 
trade-offs and also depends on the company’s risk appetite. 

Based on the findings, the following key aspects were identified: 

KA19: Use requirements management to treat sustainability risks and apply 
a risk perspective to ensure that requirements are fulfilled. 

KA20: Use the organization’s risk appetite to escalate risks to the right level 
of decision-making, based on their likelihood and severity. 

4.1.6. Communication and Consultation 

In addition to questions about sustainability aspects in the core steps of the 
risk management process, the interviewees were asked about other 
frameworks that they use or know of and that can be used to communicate 
or get support from in relation to sustainability risk. However, few 
frameworks were mentioned, e.g., the TCFD. However, “it’s a pity that it only 
includes climate” (industry expert) and therefore lacks a holistic systems 
perspective, which is crucial to avoid sub-optimization. Additionally, it 
focuses on asset management and does not provide support for establishing 
a coherent red thread in sustainability risk management that ties together 
strategic, tactical, and operational levels of decision-making. 

Another framework mentioned was the Future-Fit Business Benchmark 
(FFBB), which provides long-term perspective goals, derived from the 
sustainability principles of the FSSD, for what any company must achieve in 
order to call itself sustainable [43]. Using backcasting from the goals, a 
company can develop a plan for how to move towards the goals in a strategic 
way. This backcasting perspective is crucial, because it is “not enough to ask 
current stakeholders what is on their mind right now—that’s not the way to 
identify the long-term sustainability challenges that could, if not now, 
become risks in the future” (industry expert). Even though the FFBB 
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primarily is a sustainability framework, “risk plays a key role because this is 
how the need and value of the benchmark is motivated” (industry expert). A 
risk perspective could also be applied (i) to prioritize actions towards the 
achievement of the long-term goals, for example as failing to make process 
in relation to certain goals may pose more severe threats from a business 
perspective than in relation to other goals; and (ii) to balance how fast a 
company should move towards the goals, because there are risks both with 
being too passive (e.g., reputational damage, fines, low customer demand), 
but also with being too proactive (e.g., very high material and manufacturing 
costs, immature markets). 

Based on the findings, the following key aspect was identified: 

KA21: Identify and use existing frameworks that can support sustainability 
risk management. 

4.2. Conceptual Approach for Strategic Risk Management 
within the Sustainability Transition 

Based on the key aspects presented above and by combining transition 
design, strategic sustainable development, and risk management, a 
conceptual approach for strategic risk management within the sustainability 
transition was developed, Table 2. Its purpose is to provide support for 
companies to strategically manage risks that are due to the company’s 
contribution or counteraction to society’s transition towards sustainability. 
Thereby, it aims to help in finding the smart zone between being too passive 
and too proactive in relation to sustainability aspects. 

Table 2. Design and rationale for the development of the conceptual approach. 

Conceptual Approach Design Based on 

Starts by envisioning a sustainable future, then assesses 
the current reality, then explores pathways in between, 

and then actions are prioritized 

ABCD procedure 
within the FSSD [16] 

Uses scenario modeling to explore alternative futures Transition design, 
TCFD, KA14 

Applies short-, medium-, and long-term time 
perspectives KA10 

Table 2 continues on the next page.  
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Table 2 continued.  

Model scenarios using both backcasting and forecasting 
and do bridging in between to avoid “sustainability gap” 

and “reality gap” 

KA14, Transition 
design, [2] 

Do the backcasting from a vision that shows what 
sustainability means for the company while being 

framed by the eight SPs 

KA8, Strategic 
Sustainable 

Development, [16] 

Uses a layered approach to map scenarios and identify 
risks on different levels, from macro- to micro level. 

Thereby, it can also contribute to aligning the company’s 
risk appetite and methodology 

KA7, KA16 

Identifies the potential threats and opportunities of the 
identified events in relation to the company’s ability to 
create external and internal stakeholder value based on 

sustainability risk categories 

KA1, KA6, KA13, [6] 

Risk identification is supported by risk categories to ease 
this step and to highlight different levers and the self-

benefit of strategic proactivity 

KA3, KA5, KA11 
[6,29] 

Allows for a purely qualitative risk assessment but can 
also include and benefit from quantitative assessments KA15 

The conceptual approach may be formed into a 
workshop, which could be used for training and raising 

understanding and awareness of sustainability risks 
KA18 

Allows for other existing frameworks to support the 
conceptual approach, e.g., the FFBB may be used for 

company visioning and modeling backcasting scenarios 
KA21 

 

The conceptual approach consists out of 6 main steps, Figure 5. A fictious 
case of a large automobile company is used to give examples for each step. 
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Figure 5. Conceptual approach for strategic risk management within the 
sustainability transition. 

1. Visioning: “How could a sustainable version of our 
society/industry/company/product/etc. look like?” By starting with 
a vision, a long-term strategic perspective is applied. To ensure that 
the vision actually is sustainable, the basic sustainability principles 
are applied as boundary conditions. However, within these 
boundaries, anything is possible, and the solution space is limited 
no more than necessary. On the macro level, the SPs might provide 
enough guidance for backcasting. When zooming in towards the 
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meso- and micro level, the visions should be more elaborated. On 
the sector level, a vision for a sustainable version of the industry, 
framed by the SPs, could be used or created if not already existent. 
On a company level, it would be possible to do backcasting from the 
Future-Fit Goals. On a product level, a vision of how the value that 
the product provides could be provided in a sustainable future can 
be created. 

Example: A macro-level vision could include that there is no use of 
fossil fuels and close to zero virgin raw material extraction and all 
materials are instead biomaterials or kept in circular flows within 
society. Accordingly, zooming in towards the automobile company 
and its products, the vision could include that mobility is safe and 
accessible to all people and that all materials in manufacturing are 
recycled or biomaterials. 

2. Current state assessment: “What are the current sustainability 
challenges in our society/industry/company/product/etc.?” An 
understanding of the current reality is necessary to identify the 
relevant issues that cause unsustainability in the present and to 
recognize the discrepancy between the future vision and the present 
reality. In this step, the SPs can be applied as a lens to scan for hot-
spots of unsustainability [44]. Such an assessment can be 
complemented by looking for current misalignments with other 
elements of the vision. 

Example: Dependence on fossil energy, freshwater depletion, 
corruption, discrimination of people based on different grounds, 
harmful and persistent chemicals in products etc. 

3. Backcasting: “What must happen in order for our 
society/industry/company/product/etc. to reach its sustainable 
vision?” In the third step, potential pathways between the current 
reality and the envisioned future are explored. To recognize the 
inherent uncertainty, this is done through scenario modelling, i.e., 
possible events at different points in time between the present and 
the future are identified. As described in Section 2.2 and KA14, a 
strategic perspective is crucial to be able to foresee and anticipate 
the direction of change on the macro level and to make sure that 
actions on the micro level lead in the right direction towards full 
sustainability. The concept therefore applies backcasting from a 
vision of success. As the sustainability principles are used as 
boundary conditions for the visions, a “sustainability gap” in the 
long term is avoided. 
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Example: It can be anticipated that there will be increasing costs for 
virgin raw materials, fossil energy, and landfilling of waste. Norms 
around cars and their ownership will be different. 

4. Forecasting: “What is likely to happen in the near future in our 
society/industry/company/product/etc., based on the current 
situation and existing trends?” Using backcasting from a sustainable 
vision requires a long-term perspective. This comes with challenges, 
especially from a company perspective, because companies also 
need to plan for the short- and medium-term (KE10). Using 
backcasting alone can result in a so-called “reality gap” [2]. At the 
same time, it is possible to explore the short- and medium-term 
based on the current reality and recent past, informed by a 
backcasting perspective. The conceptual approach therefore 
combines backcasting with exploratory forecasting. Companies 
often do environmental scans and intelligence studies which can 
provide input to this step. 

Example: Events related to ongoing trends, such as population 
growth, digitalization, automatization, artificial intelligence, 
increasing electricity demand, and tougher legislation on 
greenhouse gas emissions. For the company, events could be the ban 
of fossil-powered vehicles in cities or tax reforms like bonus-malus. 

5. Bridging: “What could happen in the mid-term that is reasonable 
based on developments in the short term and sufficient for reaching 
the sustainable vision in the long-term?” After having outlined the 
direction of change in the long-term through backcasting and 
explored possible scenarios in the short-term through forecasting, it 
is necessary to create a bridge between these two-time perspectives. 
This is done by identifying events that could provide links in the 
mid-term, similar to the identification of aligning pathways in the 
method presented by Gaziulusoy [2]. 

Example: Decentralized renewable energy generation and 
ownership, radical green tax reforms and internalization or 
externalities. It could be forbidden to sell fossil-powered cars, at the 
same time as extensive new infrastructure for alternative 
technologies could become available. 

6. Risk Management: “What are the implications of our 
society’s/industry’s/company’s/product’s transition towards 
sustainability for reaching our objectives?” While steps three and 
four had the purpose to explore uncertainty, step five is about 
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assessing the effects of that uncertainty on objectives, i.e., risks. As 
described by Schulte and Hallstedt [6], it is not enough to look at 
effects on costs. In line with KA13, effects need instead to be assessed 
in relation to internal and external stakeholder value creation. That 
means that the company needs to identify how the previously 
mapped events, which often have their source in stakeholder 
actions, could affect the company’s/product development 
project’s/etc. ability to create value, e.g., in terms of the ability to 
execute the company strategy, building a strong brand, getting 
ahead of competitors, keeping low cost, etc. As highlighted in KA11, 
risk categories can be used to facilitate this step, as well as goal 
documents and requirement lists. Once identified, the sustainability 
risks need to be assessed in terms of their likelihood and severity in 
order to decide on an appropriate risk response. At this point, KA19 
is of particular importance: while risks by definition are identified in 
relation to objectives, changing or setting new objectives, e.g., 
strategic goals, detailed product requirements or other, play a key 
role in treating and responding to the identified risks. For example, 
goals could be set for phasing out certain substances as a response 
to identified risks in the form of legislative change, brand 
reputation, or customer demand. 

Example: For the company, the events might come with threats such 
as increasing costs for raw materials or decreasing demand for 
vehicles powered by fossil fuel, but also opportunities. For example, 
the development of advanced value chains for circularity could 
enable the continued use of some scarce resources, because they 
could be kept in closed loops. Developing competitive 
transportation solutions that are not powered by fossil energy can 
also represent significant opportunities. Once these risks are 
identified, the company can continue by assessing their likelihood 
and severity and prioritize responses accordingly. For example, the 
portfolio of products and technologies can be changed, and 
sustainability can be integrated in the requirement setting for new 
development projects, stating that new products, for example, need 
to be free of certain substances or achieve a certain energy efficiency. 

4.3. Limitations and Future Research Directions 

Given the purpose of the research and the methodological choices that were 
taken based on it, the study design also has limitations. Firstly, the sample 
size limits the validity of the identified key aspects and it cannot be ruled out 
that there might be additional key aspects, further nuances, for example 
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based on industry sector, or diverging views. However, the interviewees were 
leading experts in the field and provided extensive and rich input. 
Additionally, two rounds of coding were performed and multiple techniques 
for generating meaning from the data were applied. The literature was 
constantly used to critically reflect on the findings, both in terms of 
validating previous research, but also in terms of looking for conflicting 
evidence. Gathering feedback on the results from the interviewees was a way 
to further verify the outcome. Secondly, the study focused on sustainability 
risk management in large companies and it is likely that the results only 
partly are valid for small and medium-sized companies. This was a deliberate 
choice based on the research purpose and earlier research indicating that 
sustainability risk management is more widely and more formally performed 
at large companies. Additional testing is necessary to validate the set of key 
aspects as well as their applicability in different company contexts. The 
conceptual approach focused on capturing elements and steps for strategic 
risk management within the sustainability transition but does not provide 
detailed support for how to perform the steps in practice. 

There is a multitude of ways in which the conceptual approach could be 
further developed and formed into a practically applicable method: (i) 
Mapping existing tools and methods that could facilitate the different steps. 
For example, group model building could be applied for the scenario 
modelling [45]. Connecting identified events to effects on stakeholder value 
creation or specific company objectives could be done through sustainability 
risk trees, similar to Palousis et al. [29]. (ii) Investigating possible formats for 
how this conceptual approach could be applied in practice. This includes a 
workshop approach where participants go through the steps of the process, 
using templates and flip charts, similar to Gaziulusoy et al. [2]. Another 
option would be to develop a digital tool. Thereby, a company could create 
extensive, layered scenario maps, as different company functions could add 
detail from their specific area of expertise, e.g., procurement staff could 
identify events related to material availability and costs, or product planners 
could focus on events related to changing customer demands or technology 
shifts. Such a digital tool could open opportunities in relation to leveraging 
the collective competence of employees across the organizational hierarchy; 
creating both top-down and bottom-up flows of information and risks; and 
making sustainability risk management an integrated part of company 
processes and decision-making. (iii) Since requirement setting was 
highlighted as a key aspect for successful sustainability risk management, 
future research could study how requirement setting could be used as a risk 
response to identified sustainability risks. (iv) To fill the need for 
quantitative assessments in many decision-making contexts, it could be 
studied how the scenario modelling can be combined with simulation. For 
example, discrete event simulation or system dynamics could be applied to 
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model aspects like material prices based on the events identified for different 
scenarios [46]. In more advanced settings, probabilistic and post-
probabilistic methods could be used to better include uncertainty in such 
simulations. 

 

5 Concluding Discussion 

Based on interviews with industrial and academic experts, 21 key aspects for 
successful sustainability risk management in product development 
companies were identified, covering the core steps of the risk management 
process described in ISO 31000. The results are well in line with the 
definition and hypotheses proposed in an earlier study. Feedback provided 
by the interviewees through a questionnaire indicated the usefulness of the 
key aspects, especially for decision-making on the strategic level. 

Building on the interview results and by bringing together findings from the 
areas of transition design, strategic sustainable development, and risk 
management, a conceptual approach for strategic risk management within 
the sustainability transition was developed. It combines backcasting from a 
future vision framed by basic principles for sustainability with forecasting 
from the present. Thereby, possible events and scenarios are explored, which 
are probable in the short-term given existing trends, and sufficient in the 
long-term to reach a sustainable state. This scenario modelling can be done 
on different layers to connect societal transition on the macro level with 
change that it entails on the meso-, or micro-level. Once potential events are 
mapped, risks can be identified by studying the implications of the events in 
terms of threats and opportunities for the company’s ability to reach its 
objectives. The value of this conceptual approach is two-fold: firstly, it 
connects multiple key concepts in a logical chain that increases the 
understanding of what exactly sustainability risks are, how they are 
grounded in the societal transition towards sustainability, how they can both 
positively and negatively affect product development companies, and what 
is necessary to become strategic in managing such risks. Secondly, this 
conceptual approach can be a starting point for the development of 
practically applicable methods and tools that can support decision-makers 
in finding the smart zone between being too passive and too proactive in 
relation to sustainability issues. Potentially, the approach could provide 
guidance in diverse contexts, from decisions about product portfolios to the 
selection of materials in product development. Other benefits include (i) 
learning about strategic sustainable development through backcasting from 
basic principles; (ii) understanding the company’s role within the larger 
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social system; (iii) increased awareness of stakeholders and their needs; and 
(iv) discovering the connections between the company’s contribution or 
counteraction to society’s transition towards strategic sustainable 
development and business implications in the form of threats and 
opportunities. However, significant challenges remain, for example in 
relation to assessing sustainability risks with sufficient precision for 
decision-making. If overcome, strategic risk management within the 
sustainability transition could support companies in taking leadership that 
ensures success both in the short- and long term, for the company and for 
society at large. 
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Appendix A. Interview Questions 

Note that the questions were adjusted for each interview to fit the role and 
context of the interviewee. 

General Information 

1. Is it okay for you that I record the meeting? 

2. How long time have you been working at this company? 

3. What is your role at the company? 
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4. Can you tell me about your role at the company and your working tasks? 

Theme I: The Concept ‘Sustainability Risk Management’ 

5. In what way do you see that your work connects to risk and/or 
sustainability? 

6. What is your understanding of what sustainability risks are? 

7. If and how are they different to other types of risks? 

8. Do you treat sustainability risks as a separate risk category or integrate 
a sustainability perspective into other risk categories? Why? 

9. What are the drivers for working with sustainability risk management in 
your organization? 

10. Which three of these drivers would you consider most important? (the 
interviewee is shown a list of drivers) 

11. What do you think are pros and cons with using a risk framing to address 
sustainability issues in companies? 

12. What are your thoughts in relation to this definition? (the definition by 
Schulte and Hallstedt [6] is presented to the interviewee) 

Theme II: Tools and Methods 

13. What is your approach for how to work with sustainability risks in 
practice (identify, assess, manage, communicate)? 

a. How widely is that used? 

b. Is that approach strategic? 

14. If and how do you relate to existing initiatives such as the TCFD (Task 
Force on Climate Related Financial Disclosure) or the COSO 
framework? 

15. How do you use sustainability risk management in your decision-
making processes (e.g., when, who, how)? 
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16. Is the structure for how you work with sustainability risks on different 
levels of decision making, e.g., ERM, product development, etc., the 
same? Why and how do they (not) differ? 

17. How do you aggregate and cascade such risks? 

18. What time perspective do you apply in your risk management processes? 
Is that the same for sustainability risks? 

Theme III: Barriers and Success Factors 

19. What is the main strength of your approach for sustainability risk 
management? 

20. What do you think are the main (business) benefits of sustainability risk 
management in general and with your approach in specific? 

21. What limitations and improvement opportunities do you see with your 
approach? 

22. What do you think are the main barriers for organizations to engage in 
sustainability risk management? 

23. In your opinion, what are success factors for making sustainability risk 
management happen in practice? 

Appendix B. Questionnaire Questions 

1. What’s your name? (Optional) 

2. Do you consider yourself mostly as an academic or industrial expert? 

3. To what degree do you find the key aspects and other analysis results 
useful for … (Likert scale: not at all, To low degree, To some degree, To 
high degree, No opinion or N/A) 

a. Getting a clearer understanding of what sustainability risks are? 

b. Getting insights for how sustainability risks can be identified, 
assessed, and managed in practice? 

4. In which areas do you think the key aspects for sustainability risk 
management are most applicable and useful? (Please order from most 
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important at the top to least important at the bottom): Product and 
Service Development, Supply Chain Management, High-Level Strategy, 
Portfolio Management, Manufacturing/Operations. 

5. Are there any key aspects that you do not agree with? In that case, please 
explain why. 

6. Are there any additional key aspects that you find missing? If yes, please 
explain what that is. 

7. To what degree do you have a need for the aspects below when it comes 
to sustainability risk management? (Likert scale: not at all, To low 
degree, To some degree, To high degree, No opinion or N/A) 

a. More theory on the concept of sustainability risks. 

b. A clear definition of sustainability risks. 

c. Tools and methods for sustainability risk identification. 

d. Tools and methods for sustainability risk assessment. 

e. Tools and methods for sustainability risk treatment. 

f. Tools and methods for sustainability risk communication. 

g. Including a strategic perspective in sustainability risk 
management. 

8. Do you have any other needs regarding sustainability risk management, 
not mentioned in the list above? (Optional) 

9. Would you be interested to participate in further research on 
sustainability risk management and allow us to contact you in this 
regard in the future? This could for example be testing or taking part in 
the development of a tool. (This is not binding in any way and you can 
withdraw your potential interest at any point.) (Yes, No, Maybe) 

10. Is there anything else you would like to add? (Optional) 
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Abstract 

Companies need to strategically develop their portfolio and find the balance 
between being proactive and passive in relation to sustainability. In this 
study, a strategic perspective based on backcasting from overarching socio-
ecological sustainability principles was used as a lens to understand how 
companies might adapt their product portfolios to avoid threats and exploit 
opportunities on increasingly sustainability-driven markets.  The study 
shows that sustainability performance, market success, and time are key 
areas to be considered in the product portfolio process to ensure short-term 
profitability and long-term competitiveness. A novel method was developed 
and tested in one academic group and two companies to explore how such a 
strategic sustainability perspective can support the product portfolio process 
in practice. The results indicate that the strategic layered double flow 
scenario method, including different time horizons, was supportive in 
identifying opportunities and avoid risks in the sustainable development 
process at the company.  

Keywords: Strategic sustainable development, scenario modeling, 
backcasting, forecasting, product portfolio, market success. 
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1 Introduction 

Human activities require a vast number of products and services. While 
being the engine of the economic system and contributing to human welfare, 
products, and the socio-technical systems they are part of, currently cause a 
systematic degradation of the ecological- and social systems. For example, 
there is an increasing use of natural resources, emissions of harmful 
substances, and physical encroachment, all of which putting the well-being 
of human society at risk (Steffen et al., 2011). Humanity is overpassing several 
of the nine planetary boundaries, which represent the safe operating space 
(Steffen et al., 2015; Clift et al., 2017), for example, the anthropogenic 
perturbation of the nitrogen and phosphorus cycles (Steffen et al., 2015). 
However, there are not only challenges related to the functioning of the 
Earth system, but also related to the social foundations of society, such as 
the just distribution of resources, access to education and healthcare, etc. 
(Raworth, 2012). Industry plays a key role in moving society towards a 
sustainable state, not only because this sector is causing many of the current 
problems, but also because this is where new innovations can be conceived, 
which can contribute to new production and consumption systems and new 
societal norms (Gaziulusoy, Boyle, & McDowall, 2013). However, radical 
change of the whole system is required to avoid reaching critical tipping 
points in the ecological and social systems (Steffen et al., 2011). This change 
entails significant risks, i.e. threats and opportunities, for companies in the 
form of legislative change, shifting customer preferences, increasing raw 
material and waste costs, etc. (Schulte & Hallstedt, 2018). Therefore, it is 
crucial for product development and manufacturing companies to integrate 
a sustainability perspective in their decision-making processes to ensure 
competitiveness in light of this radical change and to contribute to society’s 
transition. But how fast should a company shift to offering more products 
with a higher sustainability performance? A company might have products 
with low sustainability performance that generate high revenue in the short-
term, but in the long-term these products can be rejected due to 
environmental legislation or changing customer requirements (Zartha, 
López, & Acosta, 2020). At the same time, the company may develop 
products with a higher sustainability performance that are not profitable in 
the short-term, but in the future these products might have a higher 
revenue, complying with new environmental regulations and being ahead in 
the market (Schulte, Villamil, & Hallstedt, 2020). 

Previous studies found that it is difficult to balance the product portfolio in 
light of the trends and changes that society’s transition towards 
sustainability entails (Villamil & Hallstedt, 2020). Furthermore, the 
methodologies, tools and portfolio selection criteria used by companies for 
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the product portfolio process are lacking a strategic sustainability 
perspective, i.e., applying backcasting from a future vision of success, framed 
by principles for socio-ecological sustainability, which is essential for 
guiding the product portfolio in the right direction. 

Based on these challenges, two research questions (RQs) are addressed in 
this study: 

RQ1: In which way can a strategic sustainable development lens be included 
in the product portfolio process? 

RQ2: How can decision-makers at product development companies be 
supported in strategically balancing the product portfolio process in relation 
to market success and sustainability aspects over time? 

By addressing these questions, the contribution of this study is (i) to enrich 
the understanding of sustainability product portfolio by applying a strategic 
sustainable development lens on the product portfolio process; and (ii) to 
provide a novel method for strategic sustainability product portfolio process 
that can be used as decision-support to balance the portfolio in relation to 
sustainability risks and business opportunities. 

 

2 Conceptual background 

To answer the research questions, this study builds on concepts from three 
main areas: 1) design for sustainability transitions; 2) strategic sustainability 
perspective in product development; and 3) sustainability product portfolio. 

2.1 Design for sustainability transitions 

The sustainability transition entails radical transformations of today’s socio-
technical systems (Gaziulusoy & Ryan, 2017; Chen, Hung, & Ma, 2020; 
Loorbach, van Bakel, Whiteman, & Rotmans, 2009). The development of 
products has evolved from a technical systems perspective to a socio-
technical systems perspective, which is a more complex, dynamic, and wider 
approach. In this case, the stakeholder collaboration has a crucial role in the 
development of sustainable solutions (Gaziulusoy & Ryan, 2017; Gaziulusoy 
& Erdoğan Öztekin, 2019), requiring a cultural shift and a systemic 
perspective (Valderrama & Jørgensen, 2018). These transformations pose 
significant risks for product development and manufacturing companies, 
where practices and activities that enforce unsustainable development face 
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increasing threats, e.g., tougher legislation, reputational damage, decreasing 
demand among others (Schulte & Hallstedt, 2018; Kiefer, González, & 
Carrillo-hermosilla, 2019). Meanwhile, companies that contribute to 
strategic sustainable development can benefit from business opportunities, 
such as meeting new customer demands, attracting talented and motivated 
employees, saving cost, resilience, etc. (Gomez-Valencia, Gonzalez-Perez, & 
Gomez-Trujillo, 2021; Korhonen & Seager, 2008). To do so, companies need 
to adapt and change their activities on both strategic, tactical, and 
operational organizational levels (Gaziulusoy, Boyle, & McDowall, 2013). 
Gaziulusoy et al. (2013) proposed a workshop method to address the societal 
transition towards sustainability from a product development company 
perspective. The method is based on systemic double-flow scenario 
modelling to analyze and connect possible events in the present and in the 
future, resulting in transition pathways. It allows companies to explore 
different scenarios from a forecasting and backcasting perspective. The 
forecasting scenarios help to identify events that are likely to happen in line 
with existing trends (Fotiadis & Polemis, 2018). The backcasting scenarios 
start from a future vision and explore what is necessary to happen to reach 
the vision over time.  

2.2 Strategic sustainability perspective in product 
development 

The ability to apply strategic thinking requires knowing the desired 
outcome, i.e. having a vision of success (Broman & Robèrt, 2017). Only then, 
backcasting, as described in the previous section, can be applied to identify 
which steps that are stepping stones towards that vision (Robèrt & Broman, 
2017). Without a strategic perspective, there is a risk that solutions, which 
might be better from a sustainability perspective than the status quo, later 
turn out to be blind alleys on the way towards full sustainability (Schulte, 
Villamil, & Hallstedt, 2020). For a product development company, this can 
mean that resources are spent on developing products or technologies that 
have no future. On the other hand, applying a strategic perspective can help 
anticipating changes on increasingly sustainability-driven markets and 
support identifying products and technologies that are flexible platforms on 
the way towards a sustainable future (Robèrt & Broman, 2017). However, 
there are challenges related to creating a vision that is neither too detailed, 
making it quickly become obsolete when technology break-throughs hit the 
market and also difficult for people to agree upon, nor too general, resulting 
in a lack of guidance and applicability in practice. To overcome this 
challenge, the Framework for Strategic Sustainable Development (FSSD) 
uses a definition of sustainability that is built on the following first-order 
principles: “in a sustainable society, nature is not subject to systematically 
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increasing (1) …concentrations of substances extracted from the Earth's 
crust, (2) …concentrations of substances produced by society, (3) 
…degradation by physical means, and, people are not subject to structural 
obstacles to (4) health, (5) influence, (6) competence, (7) impartiality, and, 
(8) meaning-making” (Broman & Robèrt, 2017). The sustainability principles 
(SPs), which represent the root-causes of unsustainability, can be used as 
boundary conditions for re-design. Thereby, they can guide the development 
of products without limiting the solution space more than necessary.  

In the product development process (PDP), it is necessary to implement a 
strategic sustainability perspective in the early stages, where the majority of 
a product’s life-cycle sustainability impact and function within the larger 
socio-technical system is determined (Hallstedt, 2017). At the same time, 
knowledge about the impact of a concept or solution is limited at this stage 
and detailed quantitative data is usually scarce. This comes with challenges 
for how to assess sustainability performance in these early phases. In product 
development, Life cycle assessment (LCA) is a common tool to identify the 
environmental impacts across the whole product life cycle (Stewart et al., 
2018). However, LCA lacks a strategic perspective, omits social aspects, 
requires detailed quantitative data that is only available in later stages of the 
PDP (Finkbeiner, Schau, Lehmann, & Traverso, 2010) and seldom considers 
changes over time (Moshrefi, Abdoli, Kara, & Hauschild, 2020). To include a 
strategic long-term perspective using a backcasting approach, an alternative 
life cycle assessment tool, the Sustainability Life-cycle Assessment (SLCA), 
can be used, also called Strategic Life-Cycle Management (Ny, MacDonald, 
Broman, Yamamoto, & Robért, 2006). The SLCA adds a strategic perspective 
to LCA by using the SPs as a lens to identify hotspots of sustainability impact 
across the life-cycle in a qualitative way (Hallstedt, Thompson, Isaksson, 
Larsson, & Ny, 2013). This can be done already in the early phases of product 
development and the identified hotspots can later be quantified when more 
data becomes available. In practice, the improved version SLCA 2.0 can be 
applied by using templates and guiding questions to support companies to 
identify sustainability hotspots with limited time and data (Villamil & 
Hallstedt, 2018). The sustainable design space (Hallstedt, 2017) is another 
approach that is based on backcasting from SPs to get guidance in the early 
phases of the PDP. In this approach, a qualitative scale for assessing the 
compliance level for different sustainability criteria is defined, called 
Sustainability Compliance Index (SCI), see Table 1. 
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Table 1. Sustainability compliance index (SCI) scale (Hallstedt, 2017). 

Sustainability compliance index (SCI) scale 

SCI 9 The strategic sustainability criterion is fulfilled. Reached excellent level. 

SCI 6 
Have implemented a strategy with concrete actions for how to move 
step-wise towards more sustainable solutions. Moving strategically 

towards the excellent level (SCI 9). 

SCI 3 Compliance with socio-ecological regulations. A low but acceptable 
level 

SCI 1 Lowest level of sustainability compliance. Not acceptable level. 

0 No information to score a SCI value. Need more research and 
investigation. 

 

2.3 Sustainability product portfolio 

A product portfolio is a selection of products and services that a company 
offers, following their strategic plan (Cooper, Edgett, & Kleinschmidt, 2000). 
In portfolio management, companies assess programs and projects, where a 
program is a group of several projects and a project focuses on the 
development of products and services (Cooper et al., 2000). The selection of 
the portfolio products is determined by criteria such as profit, quality, 
legislation, innovation, competitiveness, besides other criteria (Cooper, 
Edgett, & Kleinschmidt, 2000). These criteria differ depending on the 
industry sector, company strategy, and other factors (Kohl, 2016; Ölundh & 
Ritzén, 2004). Balancing the product portfolio is challenging due to the 
complexity of the diverse and constantly changing market, which makes it 
necessary to consider many variables, for example legislation and customer 
requirements, in order to have a profitable and successful product portfolio 
over time (Jugend & Figueiredo, 2017; Villamil & Hallstedt, 2020). In the 
product planning phase, i.e. early in the PDP, companies align the company 
strategy with the offers that will be part of the portfolio (Ulrich & Eppinger, 
2012). Cooper, Edgett, & Kleinschmidt (1999) proposed to cover the following 
areas in the product portfolio process: 1) Strategic fit, 2) Value maximization 
and 3) Balanced and right size of the portfolio. A successful product portfolio 
requires having a clear picture of the different events that might affect it over 
time (Zvezdov & Hack, 2016; Kock, Heising, & Gemünden, 2016).  Therefore, 
Jugend & Figueiredo (Jugend & Figueiredo, 2017) suggested to complement 
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the areas proposed by Cooper et al. (1999) with a fourth area, “preparation 
for the future”. It adds a long-term perspective to the product portfolio, 
although it is missing a strategic sustainability perspective. The product 
portfolio must be constantly updated according with external trends and 
new requirements of the market, legislation, technology advances, among 
other aspects (Ma, Harstvedt, Jaradat, & Smith, 2020; Jugend et al., 2017). 

In a previous study, based on a systematic literature review, workshops, and 
semi-structured interviews with high-level positions in product 
development companies, the sustainability product portfolio was defined as: 
“A process to set a company platform of solutions, i.e., a cluster of products, 
services, technologies, and/or customized options, based on the company 
strategic plan and assessed by a strategic sustainability perspective” (Villamil 
& Hallstedt, 2020). To assess the sustainability performance of the portfolio, 
companies use several tools and methods such as LCA (Ma et al., 2020), eco-
design tools (Cluzel, Yannou, Millet, & Leroy, 2016), and checklists. Those 
tools are usually adapted to fit company needs (Villamil & Hallstedt, 2020). 
Some companies have developed their own methodologies, e.g., the World 
Business Council for Sustainable Development (WBCSD, 2018) and several 
industries developed the Framework for Portfolio Sustainability 
Assessments (PSA) to follow up the portfolio process, where sustainability 
plays an important role. To select and balance the portfolio components, the 
sustainable strategic project selection methodology (Ma et al., 2020), the 
Sustainability Balanced Scorecard (Figge, Hahn, Schaltegger, & Wagner, 
2002) and the Sustainable Solution Steering (BASF, 2020) are based on the 
Triple Bottom Line (TBL), i.e. economic, environmental and social 
dimensions of sustainability. In the Total Environmental Impact-Total Profit 
matrix, the portfolio products are assessed by using the Boston Consulting 
Group matrix and LCA (Moshrefi et al., 2020), where products can be 
classified as: 1) “Stars”: with high environmental and profit performance, 2)  
“Cash Cows”, with a good profit in the present but with the tendency to be 
low in the future, 3) “Question mark”, low environmental and profit, 4) 
“Dogs”, with a low profit but high environmental performance. Three-
dimensional visualizations are proposed to analyze the portfolio process, 
e.g., Schmidt, Meurer, Saling, & Kicherer (2004) compared portfolio 
alternatives in three axis with cost, environmental impact and social impact. 
However, these existing tools are missing a strategic sustainability 
perspective, which ensures that solutions are profitable stepping stones 
towards sustainability (Villamil & Hallstedt, 2020). Implementing 
sustainability in the product portfolio requires the active participation of 
internal and external stakeholders (Sánchez, 2015; Silvius & Schipper, 2014; 
Massaro, Secinaro, Dal Mas, Brescia, & Calandra, 2021; Goodman, Korsunova, 
& Halme, 2017; Tang, Walsh, Lerner, Fitza, & Li, 2018). It is therefore crucial 
to raise sustainability awareness in the high-level positions of the company 
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(Nilsson-Lindén, Rosén, & Baumann, 2019), where the final product portfolio 
is determined (Vliex, 2013).  

In practice, sustainability implementation in the product portfolio comes 
with challenges, for example in relation to lack of a strategic planning 
perspective (Villamil & Hallstedt, 2020), deficient knowledge for the 
implementation of eco-design and life cycle thinking (Favi, Marconi, & 
Germani, 2019), and  incomplete assessment of social sustainability aspects 
(Ma et al., 2020; Martens & Carvalho, 2016; Ma & Kremer, 2015). 

 

3 Research Approach 

This study presents the prescriptive part of research, which is inspired by the 
design research methodology (DRM) (Blessing & Chakrabarti, 2009). The 
research clarification and the descriptive study phases of the DRM were 
developed in previous research studies by the authors performed since 2016 
(Schulte & Hallstedt, 2018; Schulte et al., 2020; Villamil & Hallstedt, 2020; 
Villamil et al., 2018a; Villamil et al., 2018b). The previous research 
investigated the implementation of a strategic sustainability perspective in 
product portfolio and risk management, using multiple methods, such as 
literature review, interviews, and workshops, and other approaches. This 
included a mapping of existing research, the creation of definitions and the 
identification of preconditions in relation to processes, tools, and methods 
for sustainability risk and portfolio management. The main fields of the 
research were related to the implementation of sustainability in the product 
portfolio, tools used for the assessment and support of the portfolio process, 
portfolio selection criteria and interdependencies, strategic sustainability 
assessment, sustainability risk management, and design for sustainability 
transitions. Thereby, an understanding of key concepts from an academic 
and industrial perspective was established and a foundation for the 
development of prescriptive support was established. The utilization of the 
previous findings for the development of the prescriptive support is further 
described in Section 4. One of the challenges identified in these previous 
studies was that companies are lacking practical support to implement a 
strategic sustainability perspective in their product portfolio and risk 
management processes. Therefore, some promising tools can be used to 
address this challenge e.g., the Framework for Strategic Sustainable 
Development (FSSD) (Broman & Robèrt, 2017), the systemic double-flow 
scenario modelling (Gaziulusoy et al., 2013), the Sustainability Life-cycle 
Assessment (SLCA) (Ny et al, 2006) and the Sustainability Compliance Index 
(SCI) (Hallstedt, 2017). 
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To provide an answer to RQ1, a strategic sustainable development lens was 
used to increase the conceptual understanding of what a strategic 
sustainability product portfolio is. To that end, existing research on product 
portfolio and sustainability was viewed from a lens of FSSD, i.e. a lens of 
sustainability principles from a backcasting perspective. Then, based on an 
understanding of strategic sustainability product portfolio, a method was 
developed and tested for how to apply this in practice, providing an answer 
to RQ2. This resulted in the development of a method called Strategic 
layered double-flow scenario modeling for sustainability risk and portfolio 
management (STARDUST), which is based on a strategic sustainability 
perspective and the synergies between portfolio and risk management. The 
purpose of the method is: (i) to get an awareness of the implications and 
risks of the macro-level societal transformation towards sustainability from 
a company and product or technology perspective; (ii) to get an overview 
and balance the portfolio over time, considering market success and 
sustainability; (iii) to identify improvements for products or technologies in 
the portfolio; and (iv) to initiate critical thinking about how requirements 
must be changed and weighted over time. This method is described in more 
detail in section 4.2. 

The STARDUST method was tested in three on-line workshops in 2020. The 
first workshop was a pilot test performed with four academic researchers in 
the area of sustainable product development, where the results helped to 
improve the next workshops. The second round of workshops were 
performed in industry, with two large multinational companies with 
presence in Sweden. Company A is a large business to business (B2B) 
company in the aerospace industry with ca. 2000 employees. Company B is 
a medium size B2B company in the industry construction and, vehicle and 
machinery equipment sector with ca. 250 employees. These companies were 
selected due to their work with sustainability issues beyond the level of mere 
compliance, without defining themselves only in sustainability terms, 
making them relevant for investigating the connection between risk 
management and sustainability. At the same time, they represent a broad 
spectrum of companies, increasing generalizability. In company A, the 
method was tested using a comparison between metal additive 
manufacturing technology (AM) and a traditional process like milling and 
forging as a case. The case at company B focused on the comparison between 
a current solution and a new alternative that is based on material recovery 
and recycling. A total of thirteen participants with diverse roles from these 
two companies were part of the workshops. These participants were selected 
for their expertise related to sustainability, portfolio, or risk management, 
see Table 2. 
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Table 2. Information about the companies that participated in the STARDUST 
workshops. 

 Company A Company B 

Role of the workshop 
participants 

- Manufacturing Lead 
- Method Specialist 
- Design Engineer 
- Material Engineer 
- Technology Lead 
- Design Team Lead 
- Process Engineer 
- Method Development 

- Global Product Manager 
- Technical Product 
Manager  
- Product Development & 
Engineering 
- Technical Product 
Engineer 
- Global Environmental 
Manager and Sustainability 
Coordinator 

Total number of 
participants 8 5 

Duration  2 hours 4 hours 
 

Prior the workshop, participants were provided with a video that explained 
the method and the industry case. At the end of the workshops, feedback 
sessions were performed to know about the participants opinions about the 
STARDUST method and its applicability, usability and usefulness. In 
addition, an evaluation questionnaire, Appendix A, was used to gather 
individual and anonymous feedback about the method. A total of five 
participants replied the questionary. The STARDUST workshops and 
feedback sessions were recorded for analysis. The data was coded and 
restructured into three main themes: 1) benefits of the method; 2) challenges 
and improvement possibilities; and 3) actions for further implementation of 
the method in companies. Within-case analysis was performed before doing 
cross-case analysis by creating a matrix with the two companies and the 
coded results for each of them. This matrix helped to compare the results 
and identify similarities and differences between the two companies. Finally, 
the findings were listed and reported back to the companies to validate the 
results. Figure 1 presents an overview of the research stages. 
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Figure 1. Research approach of this study. Based on the theoretical background 
regarding product portfolio through the FSSD lens, the method was structured to 
plan the workshops and conduct the STARDUST method at the company cases. 

 

4 Results and discussion 

By using the FSSD as a lens, it is explored how a strategic sustainability 
perspective can be added to the concept of product portfolio. A method is 
then presented for which steps a company would need to perform to apply 
such a strategic sustainability perspective in the product portfolio process in 
practice. The method was tested and evaluated based on the application in 
real industrial cases. 

4.1. Product portfolio from a strategic sustainability 
perspective 
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Within the FSSD, a funnel metaphor is used to illustrate how the ecological 
and social systems’ potential to support the fulfillment of human needs is 
systematically degraded by violating the sustainability principles (Robèrt & 
Broman, 2017). As this unsustainable development goes on and the systems 
are moving closer towards a collapse, there is an increasing urgency and need 
for solutions that can turn the path of development towards the vision of a 
sustainable society, framed by the SPs. This dynamic has far reaching 
consequences from a company perspective. It entails significant threats for 
companies that contribute relatively much to unsustainable development, 
since it becomes more and more likely that they will be targeted by stricter 
regulation, experience brand damage, have difficulties attracting talented 
employees, etc. (Schulte & Hallstedt, 2018). At the same time, there is an 
increasing demand for solutions that lead towards sustainability, presenting 
opportunities for companies that provide those solutions. To ensure society’s 
well-being in the long term, markets will inevitably become more and more 
sustainability-driven. Hence, there is a company self-benefit of proactivity 
for sustainability by understanding the dynamics of this major system 
change better than competitors (Robèrt & Broman, 2017). However, 
companies must find a smart zone: being too passive in relation to 
sustainability results in risking falling behind competitors, seeing the 
demand for company offerings drop, and other beforementioned threats 
(Schulte et al., 2020). Meanwhile, being too proactive can result in not 
getting sufficiently high or timely return on investment, for example by 
developing solutions that are very sustainable, but currently far too costly 
because technologies and markets are not mature enough yet (Robèrt & 
Broman, 2017). 

Looking through the lens of the FSSD, the product portfolio process plays a 
central role for placing the company in the smart zone, because its main 
purpose is to plan what offerings the company should have now and in the 
future. It thereby also largely determines how much resources that should 
be spend on research and development of future solutions compared to 
existing ones. Current approaches for integrating sustainability in the 
product portfolio process commonly apply a triple bottom line (TBL) 
perspective (BASF, 2020), where the product portfolio is assessed in relation 
to environmental, social, and economic performance with the purpose of 
making it more sustainable (Villamil et al., 2018b). However, these 
approaches lack a strategic perspective and do not capture the dynamics of 
the system change (Villamil & Hallstedt, 2020). Instead, based on a strategic 
sustainability lens and previous studies, where the industry perspective was 
analyzed (Schulte et al., 2020; Villamil & Hallstedt, 2020), the following three 
key areas are proposed to be used in the product portfolio process: (i) 
sustainability; (ii) market success; and (iii) time. Firstly, it is necessary to 
assess the sustainability performance of the offerings in the portfolio. This 
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provides an understanding of how the offering might be affected by market 
changes within the sustainability transition. Besides the actual (positive or 
negative) social and environmental impact of the solution, it should also be 
considered whether it can work as a flexible platform to be further developed 
to reach full sustainability in the future. Secondly, market success of the 
solution must be assessed because a company cannot survive in the longer 
term if its products or services are not profitable. Thirdly, time plays a key 
role, because a transition is a process, which means that it takes time, which 
in turn entails change and uncertainty. For example, customers’ needs and 
expectations as well as market conditions like legislation or raw material 
prices and availability are changing. These changes represent the risks both 
in terms of threats and opportunities (Schulte & Hallstedt, 2018; Schulte et 
al., 2020).  

Based on this reasoning, it is proposed that these three key areas capture the 
dynamics of the sustainability transition in the product portfolio process 
(Schulte et al. 2020; Villamil & Hallstedt, 2020) Additional evaluation criteria 
e.g. quality, cost, climate change impact, etc., might be used to investigate 
details within these three key areas (Villamil & Hallstedt, 2020; Villamil & 
Hallstedt, 2018). When assessing the product portfolio along these three 
areas, it is key to apply a strategic perspective by backcasting from a vision, 
framed by the SPs. By doing so, the direction of change can be foreseen, and 
the portfolio can be formed to place the company in a strong market 
position. As the direction of change in relation to, for example, legislation or 
customer preferences can be anticipated, the portfolio can be guided 
towards the smart zone between being too passive and too proactive 
(Schulte et al., 2020). It is important to highlight that this implies that the 
purpose of the sustainability product portfolio process is not to make all 
parts of the portfolio more sustainable. Instead, the portfolio as a whole shall 
make sure that the company is in the smart zone. A company may 
consciously choose to have offerings in the portfolio that have a low 
sustainability performance if they generate high profit in the short term. In 
the same way, offerings with high sustainability performance and low 
economic performance may be included to make sure that solutions are 
developed that can be expected to see an increase in demand and a stronger 
competitiveness in the longer term. In this context, strategic sustainability 
risk management plays a key role, because it is the threats and opportunities 
that come with the transition towards sustainability, that affect the market 
success of a solution dependent on its sustainability performance over time 
(Schulte et al., 2020). 

A simplified example from the automotive industry is that companies that 
only had internal combustion engine (ICE) vehicles in their portfolio started 
developing and selling electric vehicles (EVs). Even though EVs were not 
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profitable, they had a better sustainability performance. Over time, it can be 
expected that the revenue from ICE vehicles decreases, while the revenue 
from EVs increases, given market changes such as stricter legislation and 
shifting customer demands. The challenge for companies is to find the 
optimal pace of shifting focus and investment from ICE vehicles to EVs to 
avoid threats and exploit opportunities on changing markets. 

Based on this understanding of the product portfolio process from a strategic 
sustainability perspective, a method was developed and tested for how a 
company can strategically assess parts of the portfolio with the three key 
areas in order to find the smart zone and ensure short-term profitability and 
long-term competitiveness, see Figure 2. 

Figure 2. The smart zone between being too passive and too proactive in relation to 
sustainability (inspired by Johansson 2012). 

4.2. STARDUST Method 

The strategic layered double flow scenario modeling for sustainability risk 
and portfolio management (STARDUST) method was developed to guide 
companies in integrating a strategic sustainability perspective into the 
product portfolio process. It was designed to provide practical support for 
how a portfolio can be assessed considering sustainability, market success, 
and changes over time. Building on previous studies related to the 
implementation of sustainability in product portfolio and risk management, 
it was found that essential aspects need to be considered, see Table 3.  
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Table 3. Aspects identified in previous studies performed by the authors. 

Aspects identified in 
previous studies 

STARDUST Design Reference 

Include a long-term time 
perspective. 

The method explicitly 
includes three different time 
perspectives, including a 
long-term view. 

Schulte et al. 
2020 

Be applicable in the earliest 
phases of the product 
innovation process, i.e., 
product planning. 

The method was particularly 
designed to be used in the 
product and technology 
planning. 

Schulte & 
Hallstedt, 2018; 
Schulte et al. 
2020; Villamil 
& Hallstedt, 
2020; Villamil 
et al. 2018a; 
Villamil et al. 
2018b 

Determine and prioritize clear 
portfolio selection criteria, 
including sustainability as 
part of the criteria. 

Portfolio selection criteria 
identified by the interviewed 
companies were used to guide 
the market success 
assessment. 

Villamil & 
Hallstedt, 
2020; Villamil 
et al. 2018b 

Balance the portfolio content 
over time, considering 
changes in the market, 
legislation, technology, etc. 
that affect the performance of 
the product in the present and 
in the future. 

The portfolio balance cube 
combines the market success, 
sustainability, and time 
dimensions and visualizes 
changes over time. 

Schulte et al. 
2020; Villamil 
& Hallstedt, 
2020 

Include a system perspective 
in the product portfolio 
selection process. 

The complete product  life 
cycle and its performance in 
the social, economic and 
environmental sustainability 
is assessed.  

Schulte et al. 
2020; Villamil 
& Hallstedt, 
2020; Villamil 
et al. 2018b 

 

 

Table 3 continues on the next page 
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Table 3 continued.   

Include a holistic socio-
ecological and strategic 
sustainability perspective and 
make sustainability risks 
tangible for company 
practitioners. 

Utilizing backcasting from 
basic principles for social and 
ecological sustainability. 
Linking potential events to 
tangible business implications 
can make sustainability-
related risks tangible.  

Schulte & 
Hallstedt, 2018; 
Schulte et al. 
2020 

Establish the connection 
between a product’s 
contribution or counteraction 
to strategic sustainable 
development of society and its 
potential implications for the 
company from a business 
perspective. 

The sustainability 
performance of products is 
assessed. Business 
implications are investigated 
by linking this to scenarios.  

Schulte & 
Hallstedt, 2018; 
Schulte et al. 
2020 

Provide guidance for how to 
mitigate sustainability-related 
threats and exploit 
opportunities. 

Understanding the 
connections between the 
sustainability performance of 
products in the portfolio and 
the implications of different 
scenarios allows the 
identification and strategic 
management of related 
threats and opportunities.  

Schulte & 
Hallstedt, 2018; 
Schulte et al. 
2020; Villamil 
et al. 2018a 

 

More specifically, the purpose of the STARDUST method is to support 
companies in i) helping to determine  sustainability hotspots across all life-
cycle stages and their connection with current and future events; ii) 
connecting potential future events with implications on products’ market 
success based on their sustainability performance; iii) including short- 
medium- and long-term time perspectives, where strategies can be identified 
for how to adapt the portfolio and change products in response to the 
scenarios to exploit opportunities and avoid threats; iv) helping to determine 
the portfolio selection criteria, which are useful to assess the sustainability 
performance and market success of the product portfolio; v) creating  
strategies to balance the portfolio in the medium and long term from a 
sustainability and market success perspective.  

To address this purpose, the STARDUST method is composed by 4 steps that 
are linked to each other, 1) Strategic, Layered, Double-Flow Scenario 
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Modeling: allows to identify the events that pose risks in the short, medium 
and long-term that might affect the portfolio, 2) Sustainability assessment: 
enables the evaluation of the sustainability performance of the portfolio 
components over time, 3) Market success: guides the assessment of the 
market success over time and 4) Cube: allows to visualize the sustainability 
and market success performance in the short, medium and long term for the 
identification of strategies to balance the product portfolio. Figure 3 presents 
the STARDUST method steps with its respective in-puts and out-puts. The 
outcome of each step is needed to perform the following step, e.g. the events 
related to forecasting and backcasting scenarios are the outcome of step 1, 
which are needed to assess the sustainability performance in step 2 and 
determine the market success in step 3. The outcome from steps 2 and 3 are 
the in-puts for step 4, the so-called Portfolio balance - Cube.    

 

Figure 3. The steps of the STARDUST method and related in-puts and out-puts. 

Step 1 – Time: Strategic, Layered, Double-Flow Scenario Modeling  

To capture the time dimension and to encourage the development of a long-
term and strategic perspective, this step focuses on the analysis of the events 
and risks that might occur in the future by modeling the forecasting and 
backcasting scenarios. It follows the conceptual approach for strategic risk 
management within the sustainability transition developed by Schulte, 
Villamil, & Hallstedt (2020), which in turn is based on the FSSD and the 
double-flow scenario modeling method proposed by Gaziulusoy et al. (2013). 
The double-flow scenario modeling method allows companies to identify 
different events that occur over time and might pose risks to the company 
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or particular products. In line with this, the STARDUST method combines 
backcasting from a vision that is framed by the SPs with forecasting from 
current trends to identify events that pose risks to the company and its 
portfolio (Schulte et al., 2020). The analysis in step 1 follows this process: 1) 
the backcasting modeling provides a strategic perspective and supports in 
identifying which events that are necessary to happen in order to reach a 
sustainable society in the long-term; 2) the forecasting modeling helps 
identifying which events that are likely in the short-term based on today’s 
situation e.g. ongoing trends in relation to demographic changes, 
urbanization, technological innovation, power shifts, resource scarcity and 
climate change (Retief, Bond, Pope, Morrison-Saunders, & King, 2016); and 
3) a bridging stage is conducted to connect the backcasting and the 
forecasting scenarios through events in the mid-term that are plausible given 
the current starting point and sufficient to reach sustainability in the end 
(Schulte et al., 2020). Building on transition theory, this method uses a 
layered approach to connect the events that will occur on the i) macro-level: 
society in general; ii) meso-level: the company within its industry; and iii) 
micro-level: the product portfolio components and their life-cycles (Rovanto 
& Bask, 2021). Thereby, implications of macro-level societal change towards 
sustainability on the product portfolio on the micro level can be explored. 
For example, new sustainability-related legislation that is created on a 
macro-level can directly affect the meso and the micro-level, where the 
industry sector as well as individual companies need to adapt their 
manufacturing processes, product design, logistics or management to ensure 
compliance in a competitive way. In the workshops, a template with the 
following stages was used to facilitate this step: 1) backcasting, 2) forecasting, 
and 3) bridging. See Figure 4. 
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Figure 4. The strategic double-flow scenario modeling template. The user follows 
the process 1) Backcasting, 2) forecasting, and 3) bridging. 

Step 2 – Sustainability assessment  

The purpose of the second step is to assess the sustainability dimension in 
the product portfolio in light of the scenarios created in step 1. To that end, 
the Sustainability Life cycle assessment (SLCA) 2.0 (Ny et al., 2006; Villamil 
et al., 2018) and the Sustainability compliance index (SCI) scale (Hallstedt, 
2017) are used to analyze each stage of the product life cycle by using guiding 
questions based on the SPs. The sustainability performance is ranked from 
SCI 0 to SCI 9 for the three-time perspectives (short-, medium- and long-
term) based on the events identified in step 1. For example, in the raw 
material extraction stage, it is possible to consider the backcasting event that 
requires total circularity by 2050, implying to use only recycled material.  

The averages of each stage are aggregated into a single sustainability 
performance value for the short-, medium- and long-term. In the workshops, 
a template was used for step 2 with the following process: 1) link the SP 
guiding questions with the outcomes from step 1, 2) 2020 assessment, 3) 2035 
assessment, 4) 2050 assessment, 5) repeat the process for all life cycle stages, 
and 6) calculate total values. See Figure 5. 
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Figure 5. Template used for the sustainability assessment. The raw material stage 
and the SP1 guiding question was used as example. The user follows the process 1) 
link the SP guiding question with step 1 outcome, 2) 2020 assessment, 3) 2035 
assessment, 4) 2050 assessment, 5) repeat process with the other life cycle stages, and 
6) calculate total values. 

Step 3 – Market success assessment  

In this step, the market success of the product portfolio is assessed over time. 
Firstly, the product portfolio evaluation criteria identified by Villamil & 
Hallstedt (2020) are prioritized by the workshop participants based on the 
industry and market context. It is also possible to add more criteria to the 
assessment. The criteria prioritization might vary according to the industry 
field, market niche, portfolio requirements, future trends, among other 
aspects related to market success (Villamil & Hallstedt, 2020). Secondly, the 
product portfolio selection criteria are measured by the Market Success (MS) 
scale for the short, medium, and long-term, where specific guiding questions 
were used to assess each criterion. The ranking of the MS scale determines 
the market success performance in a similar way as the SCI scale does for 
sustainability (Hallstedt, 2017). The outcome from the previous steps is used 
to support critical thinking and inform how the market success could change 
over time, considering the product’s sustainability impact and the identified 
scenarios and the risks they entail. A product with high profitability in the 
present might face drops in demand, legislative constrains, or reputational 
issues in the future, because of a low sustainability performance, resulting in 
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decreasing market success. In the same way, a product with high 
sustainability performance but low profitability can become competitive and 
reach market success in the future by exploiting opportunities when, for 
example, customer preferences are changing. The portfolio evaluation 
criteria is linked to future scenarios, e.g., the profit criterion is related to the 
backcasting event (identified in step 1) which requires 100% circularity by 
2050, demanding investment in new technologies to repair, remanufacture 
and use recycled material in a sustainable way. In the workshops, a template 
was used for step 2 with the following process 1) prioritization of the portfolio 
evaluation criteria, 2) linking of the guiding questions with the outcomes of 
steps 1 and 2, 3) 2020 assessment, 4) 2035 assessment, 5) 2050 assessment, 6) 
repeat the process for the other criteria, and 7) calculate total values. See 
Figure 6. 

 

Figure 6. Template used for the market success assessment. The profit criterion was 
used as example. The user follows the process 1) prioritization of the portfolio 
evaluation criteria, 2) link the guiding question with the steps 1 and 2 outcome, 3) 
2020 assessment, 4) 2035 assessment, 5) 2050 assessment, 6) repeat process for the 
other criteria, and 7) calculate total values. 
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Step 4 – Portfolio balance - Cube   

In this step, the sustainability and market success assessments are 
summarized graphically, by using the outcome from the previous steps, to 
understand the performance of the portfolio in the short-, medium-, and 
long-term. Therefore, the data is visualized in a cube with three axes: (i) 
sustainability; (ii) market success; and (iii) time, see Figure 7. The purpose 
of the cube is to help identifying actions to balance the product portfolio 
from a strategic sustainability perspective. It makes it possible to compare, 
improve and select alternatives to ensure short-term profitability and long-
term competitiveness (Nwoba, Boso, & Robson, 2021; Peiró-Signes & Segarra-
Oña, 2018), i.e., to determine the smart zone, where the portfolio as a whole 
is neither too passive nor too proactive. Besides selecting which offerings 
might be included in the portfolio, the cube can also support exploring how 
particular parts could be improved, e.g. how a currently profitable product 
can be made more sustainable to ensure its profitability for a longer time or 
how a product with high sustainability performance can be more profitable 
to  scale it up on the market earlier. Finally, this step encourages a critical 
thinking about the actions and future planning that the company needs to 
improve their sustainability product portfolio over time. The company might 
find that some of its offerings have no long-term future in the light of the 
identified scenarios. This is why it is crucial to think strategically about 
products’ and services’ potential to work as flexible platforms that can be 
improved and used as stepping stones within the sustainability transition. In 
the workshops, a template was used with the following process 1) 
visualization of final values, 2) reflection on the values and findings from 
steps 1 to 3, and 3) identification of actions to balance the product portfolio 
over time. See Figure 7. 
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Figure 7. The cube - portfolio balance: Visualization of the sustainability and market 
success over time. The three-dimensional (left) and bi-dimensional (right) graphics. 
The user follows the process 1) visualization of final values, 2) reflect on the values 
and findings from steps 1 to 3, and 3) identify actions to balance the product portfolio 
over time. 
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4.3. Evaluation of the STARDUST method 

Workshops with one academic group and two manufacturing companies 
were conducted to get feedback on the STARDUST method performance, 
and to guide its further development. This section presents the evaluation 
obtained from the feedback sessions and the questionnaire. Each of the four 
steps of the STARDUST method was evaluated to identify their strengths and 
weaknesses. In the step 1 - Strategic Double-Flow Scenario Modelling, the 
workshop participants explored the events that might affect the product 
portfolio over time. In the feedback session, it was mentioned “it helped to 
put us in the right mindset for the following steps, and reminded us of what 
can affect us” (workshop participant from company A), “I really liked the 
bridging between the forecasting and backcasting” (workshop participant 
from company B). It was noticed that a previous definition of the scope is 
necessary to delineate the analysis. For both companies the analysis of the 
long-term was challenging, where the time perspective from 2020 to 2050 
was longer compared to their current plan, “it is easier to assess the short-
term… it is uncertain to know what will happen in 20 or 30 years” (workshop 
participant from company A). Company B noticed that the used template 
can be overwhelming due to the amount of information and it requires time 
to be comprehended completely.  

In the step 2 - sustainability assessment, workshop participants identified 
sustainability hotspots in the product life cycle stages over time. Both 
companies determined that the analyzed solution has a low sustainability 
performance today, but it will increase in the future, “I hope we are getting 
access to better technology to be more sustainable in the future” (workshop 
participant from company A), “we are expecting to be fully circular by 2050” 
(workshop participant from company B). In the analysis, participants linked 
their reflection with discussions from step 1, “If the industry is growing there 
is an increase of raw materials demand” (workshop participant from 
company A). Moreover, they noticed their lack of sustainability knowledge 
related to some product life cycle stages, e.g. unsustainability practices of 
raw material suppliers. In some occasions, facilitators supported with extra 
questions to clarify the process and help to use the SCI scale. 

In the step 3 - market success, workshop participants assessed the market 
success of the alternatives over time by using portfolio evaluation criteria 
such as cost, revenue, quality, among others, by triggering the reflection 
about the portfolio performance in the future, the interdependencies 
between evaluation criteria, and the link between previous discussions from 
step 1 and 2, “as customers will expect more sustainable solutions, we need 
to invest in better technology, to fulfill the demand and increase the profit 
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over time” (workshop participant from company B). Participants identified 
that the portfolio evaluation criteria prioritization needs to be reflected on 
individually first and then collectively, to determine the interconnection 
between criteria and the correct weighting to fulfil the product portfolio 
expectations. Moreover, Company B highlighted that participants have 
different perspectives in mind, and it is necessary to “provide clearer 
instructions, so everyone interprets and assesses the task in the same way” 
(workshop participants from company B).  

In the Step 4 - the Cube, workshop participants visualized the market success 
and sustainability performance over time, to propose actions to balance the 
product portfolio, they reflected that it is unfeasible to solve the long-term 
demands with current solutions. It was mentioned that “It is a good idea to 
visualize the data in the cube” (workshop participant from company B). 
Although, workshop participants noticed that it was difficult to understand 
the 3D visualization and preferred to use 2D graphics. In addition, it was 
mentioned that the cube “lacks the measurement of current actions. We 
would like to see the relation with actual data, e.g. what will the cost be” 
(workshop participant from company B).  

4.3.1. Benefits of the STARDUST method 

Existing tools and frameworks to implement sustainability in the product 
portfolio, mentioned in section 2.2, are missing the strategic sustainability 
perspective (Villamil & Hallstedt, 2020). In contrast, the STARDUST method 
was planned to support and guide companies to implement strategic 
sustainability in their product portfolio. With the workshops, it was 
identified that the method motivates critical thinking, provides a better 
understanding of scenarios that might affect the sustainability product 
portfolio over time, supports the prioritization of the product portfolio 
selection criteria and the identification of short, medium and long-term 
actions to balance the portfolio in a strategic way. It was mentioned in the 
questionnaire, “we lack the strategic perspective and we need a method to 
evaluate the whole portfolio… we need a more visionary view of our strategy 
and technology planning” (workshop participant from company A), “it is 
positive to talk and reflect about sustainability” (workshop participant from 
company B). Workshop participants mentioned in the feedback session that 
“tools like this are good to drive change, visualize things and make it easier 
to take the right decision and drive change” (workshop participant from 
company A), “It was good to work with the next generation demands in 
parallel with the existent product portfolio (workshop participant from 
company B). Participants noticed that the method might guide the early 
phases of product development, mainly the product planning phase. 
Furthermore, the method encouraged the active participation of 
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stakeholders in the product portfolio process, as suggested by Jugend and 
Figueiredo (2017). Company A highlighted the importance of making this 
process as a group discussion, similar to Jonas et al. (2013). 

4.3.2. Limitations and suggestions to improve the STARDUST method 

Several limitations of the STARDUST method were identified, such as: 1) 
high involvement of the facilitators, a limitation previously identified by 
Villamil et al. (2018); 2) lack of connection between the different steps of the 
method; 3) bias in the portfolio assessment, where participants have 
different knowledge, experience and expectations, that might affect the 
results; 4) high amount of data necessary for the analysis; 5) complexity of 
the used templates; and 6) minor influence of the method in decision 
making. The STARDUST method fostered a dynamic discussion about the 
sustainability and market success performance over time. In line with this, 
BASF (2020) claimed that a deeper conversation with several departments is 
necessary to set the sustainability product portfolio, in the questionnaire it 
was suggested that the STARDUST method “needs input from several 
people, which can be hard, but it creates good and valuable discussions” 
(workshop participant from company A). Moreover, Silvius and Schipper 
(2014) and Martens and Carvalho (2016) highlighted the need of a trained 
team for the sustainability implementation in the portfolio. Similarly, it was 
noticed that the STARDUST method requires to “have the right discipline in 
place, some of the questions are more related to sourcing, managing, or 
product portfolio… important to clarify who should be part of the different 
topics (workshop participant from company A). It was suggested to include 
a prior discussion, to determine the aim and the scope of the assessment. 
The STARDUST method requires to be performed several times to assess, 
compare and identify actions to balance the product portfolio components, 
it was mentioned ”it is difficult to go through the complete tool” (workshop 
participant from company A). Moreover, it requires further testing with 
several industry cases to improve its effectiveness in different fields. 

4.3.3. Further implementation of the STARDUST method in industry  

Workshop participants identified the potential to implement the 
STARDUST method in their company. Although the method is still in the 
testing stage, it provides the strategic sustainability perspective needed for 
the product portfolio process. Both companies agreed to test an improved 
version of the method with different industry cases. Moreover, it was noticed 
that it would be beneficial to implement this method in their regular 
processes: “take this kind of tool and make it every day’s work, otherwise 
tomorrow we will continue in the same way doing things. (workshop 
participant from company A). Furthermore, it was highlighted to include the 
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right roles and disciplines in the process for developing of an accurate 
assessment, requiring an additional training on sustainability transition 
(Gaziulusoy & Ryan, 2017). With a single method it is not possible to make a 
radical change. Instead, the STARDUST method is a stepping stone to 
support companies to implement sustainability in their product portfolio. 

 

5 Conclusions 

This study presents the rationality as well as a novel method for 
implementing a strategic sustainability perspective in the product portfolio 
process. To answer RQ1, this study used a strategic sustainable development 
lens to investigate the implications of society’s transition towards 
sustainability for the company product portfolio process. By bringing 
together the FSSD with existing research in the field of risk and product 
portfolio management, it was found that the main purpose of a strategic 
sustainability product portfolio process is to develop a selection of products 
and services that places the company in the smart zone between being too 
passive and too proactive in relation to sustainability, ensuring short-term 
profitability and long-term competitiveness. To explore how such a strategic 
sustainability perspective can be included in the product portfolio process in 
practice, providing an answer to RQ2, the strategic layered double flow 
scenario modeling for sustainability risk and portfolio management 
(STARDUST) method was developed and tested.  

Based on the research presented in this study, the following 
recommendations for decision-makers in a business strategy context can be 
made: (i) bring in sustainability in the early phases of the product innovation 
process. This is necessary because this is where most of a products trajectory 
and sustainability impact are determined. (ii) ensure a long-term strategic 
perspective in the product portfolio process by applying backcasting from a 
vision of success that is framed by basic principles for sustainability. This is 
necessary in order to identify which solutions that present smart stepping 
stones rather than potentially costly dead-ends within the sustainability 
transition. (iii) Use a risk management approach to understand and manage 
the dynamic interplay between sustainability aspects and business 
implications. This is necessary to go beyond triple bottom line thinking and 
to view ecological and social performance as a necessity and driving force for 
economic performance. (iv) Recognize that uncertainty is neither good nor 
bad. This is necessary to not only view society’s transition towards 
sustainability as a threat, but also as a major opportunity. (v) Aim for the 
smart zone. This is necessary to ensure that the company neither is too 



Jesko Schulte 
Strategic Sustainability Risk Management in Product Development Companies 

 236 

passive nor too proactive in relation to sustainability, resulting in low threats 
and high opportunities. (vi) Adjust portfolio selection criteria accordingly.  

The method was tested with only two companies and a limited number of 
participants. Additional application of the method in different industrial 
cases is necessary to validate its generalizability and applicability in diverse 
industry fields and contexts and to explore its effects on decision-making 
and improving the portfolio from a sustainability perspective. Also, future 
work will investigate how digitalization and gamification approaches can be 
used to catalyze and ease application and integration with the aim to make 
companies excel in their strategic sustainability endeavors. 
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Appendix  

This section presents the evaluation questionnaire of the STARDUST 
method. See Table 4. 

Table 4. Evaluation questionnaire of the Strategic Layered Double-Flow 
Sustainability Portfolio and Risk Management (STARDUST) Method. * Mandatory. 

1. To what degree do you think the method could… Scale: 1 
(not at all) to 5 (to a high degree) * 

1 2 3 4 5 

a) …connect macro to micro level and show related 
threats and opportunities? 

     

b) …help to balance the portfolio in a strategic way?      
c) …improve solutions in the portfolio?      
d) ...support the prioritization of portfolio selection 

criteria? 
     

e) ...guide the reflection and the planning for future 
scenarios? 

     

2. What parts or aspects of the tool do you like? Scale: 1 (Not 
at all) 3 (To some degree) 5 (Very much) * 

1 2 3 4 5 

- Scenario modeling - identifying events and risks in 
the short, medium, and long-term 

     

- SLCA – sustainability assessment      
- Market success assessment – using portfolio 

evaluation criteria 
     

- Cube - balancing the portfolio and finding 
strategies to improve solutions 

     

Table 4 continues on the next page.      
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Table 4 continued.      
3. To what degree do you perceive the following aspects to be 
barriers for use and implementation of this method? Scale: 1 
(low barrier) to 5 (high barrier) * 

1 2 3 4 5 

- Time intensiveness       
- It requires data we don’t have      
- It requires expert knowledge we don’t have      
- Too little influence of the method's outcomes on 

decision-making 
     

- Not possible to integrate the method into existing 
decision-making processes 

     

4. Do you perceive any other barriers? Which? 
5. To what degree would you be interested to implement this 
method in your organization? Scale: 1 (not interested at all) to 
5 (highly interested) * 

1 2 3 4 5 

- Interest in implementation of the method in your 
organization 

     

6.Why are you (not) interested in implementing the method? 
7. In your organization, which roles do you think should be involved in the use of 
this method (please state specific roles)? * 
8. Optional - What kind of knowledge do you think is necessary but missing to do 
the assessment proposed in the method? 
9. Is there anything else you would like to add or comment? 
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Abstract 

Integrating a strategic sustainability perspective in product development 
requires that decision-makers can connect sustainability aspects to tangible 
business implications in the short- and long term. Only then will there be 
the driving forces necessary for adopting sustainable product development 
practices. A risk management approach can be used to enable strategic 
proactivity by exposing the potential consequences of sustainability-related 
decisions, for example in relation to reputation, legislative change, the ability 
to attract top talent, or meeting customer needs. Through an action research 
approach and by building on previous findings and existing tools and 
methods, this study presents the Sustainability Impact and Effects Analysis. 
This novel method and risk management tool combines the familiar format 
of the well-established Failure Mode and Effects Analysis with a strategic 
sustainability perspective. Designed to be applicable in early stages of the 
product innovation process, this tool aims to increase decision-makers’ 
awareness of sustainability risks and provide them with a practical way for 
how to identify, assess, and treat such risks. The tool was developed in close 
collaboration with industry and tested in two different companies. The 
results indicate the effectiveness of the tool in creating awareness, linking 
sustainability aspects to business risks, and identifying actions to respond to 
the risks. Thereby, it can provide support for companies in how to work with 
product development in a way that contributes to society’s transition 
towards sustainability, while benefiting the own organization.  

Keywords: Sustainable Product Development; Failure Mode and Effects 
Analysis (FMEA); Sustainable Innovation; Action Research; Decision-Support; 
Strategic Sustainable Development 
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1 Introduction 

The necessary transition towards a sustainable society is dependent on 
product development and manufacturing companies taking leadership. It is 
in product development that the new business models, technologies, and 
products are envisioned and developed that shape society and its impact on 
ecological and social systems (Gaziulusoy et al., 2013). Since the transition 
towards a sustainable state requires drastic changes in all areas of society, it 
entails extensive uncertainty. From a product development company 
perspective, this uncertainty is the source of both threats and opportunities, 
i.e. risks. The spectrum of such sustainability risks is diverse and includes, 
for example, stricter social and environmental legislation, changing 
customer demands, national and global litigation, effects on brand and 
reputation, and availability and costs of resources, waste, and emissions 
(Gomez-Valencia et al., 2021). Ultimately, companies that fail to contribute 
or adapt to the inevitable transition towards a sustainable society, will not 
survive (Anderson, 2005). But it is not only the fear of failure that should 
motivate company action. As markets are becoming increasingly 
sustainability-driven, there is a self-interest for companies to be pro-active 
in relation to sustainability in order to benefit from the business 
opportunities that represent the upside of the risks (Robèrt and Broman, 
2017). However, even though practitioners largely agree on the importance 
of sustainability risks, a survey by the World Business Council on Sustainable 
Development (WBCSD, 2017) found that 70% consider that risk 
management practices do not adequately address sustainability risks, among 
other things because of a lack of knowledge, guidance, and cross-functional 
collaboration, and because sustainability risks are difficult to quantify and 
require longer time horizons to be taken into account.  

In order for sustainability risks to be considered in decision-making in 
product development, first, it is necessary to create an awareness for 
sustainability risks, and second, to integrate a strategic sustainability 
perspective in the risk management process (ISO, 2018). More specifically, 
support is needed for how to identify, assess, and treat sustainability risks in 
a product development context. Schulte and Hallstedt (2018) proposed that 
it would be beneficial for implementation and adoption in industry to 
integrate sustainability into familiar and already used risk management 
tools. This is in line with Baumann et al. (2002), who stated that there is too 
much focus on developing new tools for sustainable product development, 
and too few efforts focusing on improving and building on existing tools. 
One of the most widely applied risk management tools is Failure Mode and 
Effects Analysis (FMEA), which is used to identify how a function of a 
product or process could fail and how this could be mitigated (Liu et al., 
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2013). However, FMEA is usually applied in the later stages of the product 
development process, since it requires an initial design to be able to identify 
failure modes (Spreafico et al., 2017). But, when it comes to sustainability, it 
is in the early phases of the product development process, when goals and 
strategies are formulated and ideas are generated and concepts are selected, 
that most of a product’s sustainability impact during its life-cycle are 
determined (Diaz et al. 2021; Poudelet et al., 2012).  

The purpose of this study is to provide support for how a strategic 
sustainability perspective can be integrated in risk management practices in 
product development companies. This means that a full socio-ecological 
sustainability perspective is considered in a way that contributes to society’s 
transition towards sustainability at the same time as it strengthens the own 
organization. The aim is to increase awareness and knowledge about 
sustainability risks and to provide a tool for identifying, assessing, and 
treating sustainability risks in practice. The following research question is 
addressed: How can a strategic sustainability perspective be integrated into 
risk management practices in the early phases of the product development 
process? To this end, a novel support, called Sustainability Impact and 
Effects Analysis (SIEA) is presented, building on the traditional format of 
FMEA, but focusing on sustainability risks in early product development. 

2 Literature Review 

2.1 Sustainable Product Development 

Companies increasingly recognize the importance of building capabilities for 
sustainability integration and implementation in product development for 
remaining competitive by meeting new demands from customers, 
legislators, and other stakeholders (Schulte and Hallstedt, 2017a; Willard, 
2012). Based on Hallstedt and Isaksson (2017), strategic sustainable product 
development can be defined as product development that contributes to 
society’s transition to sustainability in a way that strengthens the own 
organization. Besides life-cycle thinking, a strategic perspective is crucial to 
make sure that efforts lead in the right direction and that the company 
neither is too passive nor too proactive in relation to sustainability. Being 
able to be strategic requires knowing the goal to be achieved, in this case, a 
definition of what is meant by sustainability. This definition must include a 
systems perspective of both the environmental and social dimensions of 
sustainability in order to avoid sub-optimisation. An operationalizable, 
principle-based definition was presented as part of the Framework for 
Strategic Sustainable Development (Broman and Robèrt, 2017). These so-
called sustainability principles (SPs) can be used to do backcasting to guide 
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design activities and to come up with solutions that lead towards compliance 
with the principles over time. In practice in a product development context, 
the sustainability principles have, for example, been applied for Strategic 
Life-Cycle Assessment (SLCA) where a vision of a sustainable solution is 
developed and products’ or technologies’ hot-spots, i.e. impacts that are 
essential from a sustainability perspective, are identified to guide further 
analysis and improvement (Ny et al., 2006; Villamil et al., 2018). Hallstedt 
(2017) used the principles to develop a method for how a company’s specific 
sustainability design space can be defined. It provides the company with 
leading sustainability criteria, which are the specific, high-priority, long-
term criteria that product development should aim for and move towards.  

For the integration and implementation of a sustainability perspective in 
product development to happen, changes in decision-making processes are 
necessary and a wide range of support tools have been developed (Bovea and 
Pérez-Belis, 2012). In addition, there are approaches for including circular 
economy considerations into design decision-making, which also can 
contribute to sustainability (Dokter et al. 2021). However, while there is an 
abundance of methods and tools developed by academia, implementation in 
industry remains a major challenge and few tools are used in practice 
(Pigosso et al., 2015; Vanegas et al. 2018). In part, because the tools do not 
meet industry needs in terms of simplicity and ease of use (Peace et al. 2018). 
Another main reason is that the intended users do not see the clear benefit 
of including sustainability in oftentimes complex decision-making contexts 
where there are already many aspects to consider. Risk management has 
been pointed out as a potential lens that could catalyse sustainable product 
development (Zetterlund et al., 2016), primarily for two reasons: firstly, 
because risk management is a familiar language and well-established 
practice in industry (Gaziulusoy et al., 2013), and secondly, because it can 
help decision-makers to link sustainability aspects to business implications 
by highlighting potential effects on the achievement of company objectives 
(Schulte and Hallstedt, 2018).      

2.2 Failure Mode and Effects Analysis 

First described by the United States Department of Defense in 1949, FMEA 
is a risk-based tool to identify, assess, and manage potential failures of a 
product or system in a structured way (United States Department of 
Defense, 1949). In practice, FMEA usually takes the form of a worksheet, 
listing possible failure modes for functions or components with their causes. 
These failure modes are then assessed on scales of, for example, 1-5 or 1-10, 
in terms of their likelihood, severity, and sometimes probability of detection. 
Multiplying these parameters results in a risk priority number, which 
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indicates the importance of a failure mode, thus guiding the design team in 
where to focus. Actions in relation to failure modes, e.g. to make changes to 
the design, are then listed and a person is assigned responsible. By re-doing 
or updating FMEA, the product development team shall in the end have a 
design where remaining failure modes are known, mitigated, and of minor 
importance (Liu et al., 2013). Since its introduction, FMEA has received wide-
spread attention in both industry and academia and a large number of ad-
hoc extensions has been developed, as described in a review by Spreafico et 
al. (2017). The review also raises the criticism that most FMEA-related work 
has focused on incremental solutions for narrow and specific problems, 
while being unable to handle more general issues in the approach.  

2.3 Risk Management and Sustainability 

In ISO 31000, risk is defined as the “effect of uncertainty on objectives” (ISO, 
2018). Sustainability risk was first defined as risks that are due to 
environmental or social justice issues (Anderson, 2006) and a rich variety of 
different ways for how businesses can be affected was described by Anderson 
(2005). Palousis et al. (2008) classified these risks in six categories: physical, 
regulatory, litigation, competitive, reputational, and supply chain risks.  

In 2014, Hofmann et al. applied an instrumental stakeholder theory 
perspective to conceptualize sustainability risks in a supply chain context. 
They proposed to define sustainability risk as “a condition or a potentially 
occurring event that may provoke harmful stakeholder reactions” and 
argued that two factors are critical to precipitate such action: firstly, 
stakeholders must notice the sustainability issue, and secondly, stakeholders 
have to interpret the situation as unacceptable and consider the company as 
responsible. Based on this understanding of sustainability risks, Hofmann et 
al. (2014) presented a concept for sustainability-oriented supply chain risk 
management and Hajmohammad and Vachon (2016) and Majumdar et al. 
(2021) described strategies for how to mitigate supply-chain sustainability 
risks. In the product development context, the Sustainability Risk 
Assessment (SRA) framework (Palousis et al., 2010) is most notable. It 
proposes to do a life-cycle assessment (LCA) of a product, then to do a 
sustainability risk assessment, and finally, to study the effects of these risks 
using activity-based life-cycle costing. Anand et al. (2016) and Gargalo et al. 
(2016) also focused on early-stage design and proposed sustainability risk 
assessment frameworks. Recently, the use of quantitative approaches for 
evaluating sustainability risks in product design was studied by Enyoghasi et 
al. (2020) and Sezer and Selim (2021) proposed the use of risk-oriented 
system dynamics modelling to analyze product sustainability. Schulte and 
Hallstedt (2018) defined sustainability risks as “risks that are due to an 
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organisation’s contribution or counteraction to society’s transition towards 
strategic sustainable development”. Thereby, they highlighted that the 
sustainability risks a company is facing are directly dependent on the actions 
of the company when it comes to sustainability. In line with Hofmann et al. 
(2014), the study stressed that sustainability risks should be managed in 
relation to effects on internal and external stakeholder value creation, 
including, but not limited to cost.  

The idea of building on FMEA to support sustainable product development 
has been previously researched by, among others, Lindahl (1999) who 
presented Environmental-FMEA (E-FMEA). It uses LCA results alongside 
internal and external environment-related requirements as inputs to identify 
product life-cycle activities, connected environmental aspects, and the 
impact caused by these aspects. This is then evaluated based on three 
criteria, (i) controlling documents, (ii) public image, and (iii) environmental 
consequences, to calculate an Environmental Priority Number. Also 
considering improvement possibility, the final step is to list recommended 
actions to improve the design. Other adaptations of FMEA were described 
by Rozak et al. (2015) and Nguyen et al. (2016), in this case for sustainable 
manufacturing, and, more recently, by Bertoni (2020), who presented 
Circularity Impact and Failure Analysis, which focuses on potential 
circularity issues in early design. 

While these existing approaches can provide important insights on 
sustainability risk management, they have limitations related to: (i) the lack 
of a full socio-ecological sustainability perspective; (ii) a focus on forecasting 
resulting in a lack of a strategic perspective; (iii) insufficient consideration 
of the time perspective; (iv) a focus on potential effects on cost, instead of a 
more holistic value perspective; (v) the requirement of data that is not 
usually available in early stages. 

3 Methods 

The foundation for this study was an action research approach. It was 
participatory in the sense that the people who were subject of the study took 
part in defining the problem and needs, developing and testing a solution, 
evaluating the outcomes, and taking action to change the situation. Over a 
period of two years, the academic researcher engaged in close and interactive 
collaboration with a large engine component manufacturer in the aerospace 
industry, located in Sweden (Company A). This company was selected, 
because it has been actively working on increasing its capabilities for 
sustainable product development and on integrating a strategic 
sustainability perspective in its decision-making processes for more than 10 
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years (Hallstedt and Nylander, 2019). In this work, challenges were 
encountered as to how to connect sustainability aspects more specifically to 
economic aspects. There was a need for a structured approach for how to 
systematically identify the business threats and opportunities that come 
with solutions that are performing well or badly from a sustainability 
perspective. Risk management was early on pointed out as a key leverage 
point (Zetterlund et al., 2016) and a descriptive study (Schulte and Hallstedt, 
2018) was performed at the company to investigate current risk management 
practices and preconditions, resulting in 10 hypotheses for sustainability 
integration. Building on these findings and the long-term relationship and 
trust between the company and the academic researchers, an action research 
study was initiated, Figure 1. An academic researcher took the role of an 
outside agent, primarily facilitating the action and reflection within the 
company, while a risk management professional working at the company 
had the role of an inside agent, as such being able to provide primary and 
secondary access to information and other functions within the company 
(Coughlan and Coghlan, 2009). 

 

Figure 1. The action research approach applied in this study, based on the action 
research cycle by Coghlan and Brannick (2005). 

The first two steps of the action research cycle presented by Coghlan and 
Brannick (2005), i.e. understanding of the context and purpose and 
diagnosing, were largely informed by previous studies at the company 
(Schulte and Hallstedt, 2018). At the centre was the need to connect 
environmental and social sustainability aspects to economic implications for 
the business by applying a risk management perspective. A hypothesis was 
that this could make the driving forces for considering sustainability aspects 
in decision-making more tangible. However, existing risk management tools 
did not include a sustainability perspective. A specific case, which involved 
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the design and manufacturing of a turbine component on the warm side of 
the engine, i.e. after combustion, was selected for the action research study. 
This product is currently made in a superalloy that contains critical elements 
from a sustainability perspective, such as cobalt. As it is made with 
subtractive manufacturing methods, the product has a high buy-to-fly ratio, 
meaning that only a small share of the raw material that is bought ends up 
in the final product, while a major share is becoming waste. Given high raw 
material costs and the company’s sustainability-related ambitions, a 
suggestion for an alternative concept was developed. It uses partly different 
materials and builds on the use of additive manufacturing (AM) with the 
potential to achieve a significantly lower buy-to-fly ratio. Figure 2 provides a 
chronological overview of the study. 

 

Figure 2. Chronological overview of main events and milestones in the study. 

In practice, the research was highly collaborative and iterative. After the 
creation of a joint understanding of the situation, the academic researcher 
developed a first idea of a method for sustainability risk management. The 
term ‘method’ is here used to refer to “a specification of how a specified result 
is to be achieved”, e.g. what information that is used as input, what actions 
are to be performed, how, and in which sequence (Gericke et al., 2017). 
Drawing on the challenges and hypotheses described in the previous studies 
with Company A, requirements for the prescriptive support were developed, 
Table 1. While most of these requirements are mutually supportive, there are 
also trade-offs that had to be managed. For example, a balance had to be 
found between, on the one hand, including a full sustainability perspective, 
considering threats as well as opportunities, and considering a long-term 
perspective, and on the other hand, not requiring expert knowledge, 
simplicity, and applicability in early phases. Combining these requirements 
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with strengths from existing approaches for sustainability risk management, 
described in Section 2.3, resulted in the development of the first prototype 
of the sustainability impact and effects analysis. 

Table 1. Requirements that were applied in SIEA development and how they were 
realized. 

Requirement SIEA Design 
Include a holistic socio-ecological 
sustainability perspective and make 
sustainability risks tangible for product 
developers. 

Based on basic principles for both 
social and ecological sustainability. 

Build on the ISO31000 definition of risk 
and include not only threats, but also 
opportunities. 

Both threats and opportunities are 
considered in all steps by looking into 
both positive and negative effects on 
stakeholder needs. 

Establish the connection between a 
product’s contribution or counteraction 
to strategic sustainable development of 
society and its potential implications for 
the company from a business 
perspective.  

Sustainability impact of a product is 
linked to implications for the 
company from a business perspective 
by applying an instrumental 
stakeholder theory perspective. 

Include a long-term time perspective. 

A short-, mid-, and long-term time 
perspective are included in the 
sustainability risk analysis and 
evaluation. 

Provide guidance for how to mitigate 
sustainability-related threats and exploit 
opportunities. 

Includes a risk treatment section, 
where responses to the risks are listed. 

Integrate a sustainability perspective 
into existing, mostly qualitative tools. 

Builds on the widely used FMEA 
structure; quantitative data is not 
required. 

Increase the awareness of the existence 
and importance of sustainability risks 
through rough but simple methods. 

The level of detail and complexity is 
adjustable based on company needs 
and capabilities. 

Do not require expert knowledge since 
sustainability risks are unfamiliar to 
many people in product development. 

Guiding questions and a step-by-step 
approach support tool application. 
However, training or a facilitator is 
required. 

Be applicable in the early phases of 
product development. 

The tool does not require detailed or 
quantitative information that is 
unavailable in early phases. 

 

In parallel to the method development, a prototype of a tool was developed 
to facilitate the application of the method in practice. The term ‘tool’ is here 
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used to refer to “an object, artefact, or software that is used to perform some 
action […]” (ibid.). The development and maturing of the method and tool 
took then place through iterations and tests with the company. Dependent 
on the stage of the study, weekly or bi-weekly meetings were held between 
the academic and the company researcher. Additional company employees 
from different functions were regularly included in the iterations to provide 
input or feedback. Once a functioning prototype existed, two workshops 
were run with a group of four company employees and two academic 
researchers, mostly focusing on the rationale of the method, the overall 
design of the tool prototype, and pointing out the direction for the next 
development steps. After further work and iterations in smaller groups, a 
first full version of the tool was finalized.  

To get an early indication of the generalizability, this version was tested with 
a medium-sized company in the industry construction, and vehicle and 
machinery equipment sector, located in Sweden (Company B). Together 
with company experts, a case for the testing of the tool was defined, which 
was about sustainability-related threats and opportunities with replacing 
brass, which contains lead, with a low-lead material in some of the 
company’s sealing products. A workshop session was then conducted with 
five company experts and one academic researcher. A written document and 
a video recording explaining the purpose, company case, and the tool were 
provided to all participants prior to the workshop. At the workshop, the tool 
was tested and feedback was gathered in a semi-structured way, see 
Appendix A.  

Based on the experience gathered with Company B, refinements of the tool 
were made through further iterations with Company A. The latest version of 
the tool was then fully tested for the engine component case. Four workshop 
sessions were conducted with nine company employees and two academic 
researchers, see Table 2. Three of the sessions focused on applying the tool 
and one session was dedicated to gathering feedback. For both Company A 
and B, a questionnaire (Appendix B) was sent to all participants after the 
workshops to give an opportunity to provide additional and anonymous 
feedback on the tool’s usefulness, usability, effect potential, and future 
development interests. 
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Table 2. List of roles of company employees that participated in at least one 
workshop. 

Company A Company B 
Project Lead 
Business Lead 
Supply Chain Lead 
Design Lead 
Manufacturing Lead 
Product Cost Manager 
Risk Management Methods Specialist 
R&T Cost and Sustainability Specialist 

Global Environmental Manager and 
Sustainability Coordinator 
Manager Product Development & 
Engineering 
Global Product Manager 
Technical Product Manager  
Technical Product Engineer 

 

All workshop sessions were recorded and transcribed. Qualitative data 
analysis was done based on this data and notes from formal and informal 
meetings. A first round of coding was performed, in which the codes were 
identified inductively, i.e. directly from the data. In an open coding process, 
data was read multiple times and tentative labels were created, which, 
throughout the process, iteratively developed into refined codes. To allow 
for multiple ways of restructuring the data, dual coding was allowed. Next, 
the codes were used to restructure the data before a second round of coding 
was conducted. This led to data being restructured again, making 
relationships between codes emerge, and results and meaning becoming 
denser. Multiple of the 13 tactics presented by Miles et al. (2014) for 
generating meaning from the data were then applied, such as clustering, 
noting patterns, contrast and comparison, subsuming particulars into the 
general, and making conceptual coherence. The results of the analysis were 
compiled and discussed with employees at Company A to allow for meta-
reflection on the action research study and identifying directions for future 
research. 

4 Results and Discussion 

Considering the requirements listed in Table 1, the basic structure of FMEA 
was selected as a starting point for the development, because (i) it is one of 
the most widely-used risk management tools in industry and therefore 
provides a familiar element for practitioners; (ii) it includes both an 
identification, analysis, evaluation, and treatment step and thereby covers 
the central steps of the risk management process (ISO, 2018); and (iii) the 
level of detail and complexity of the analysis is adjustable. The adoption of 
FMEA for managing sustainability risks is here called Sustainability Impact 
and Effects Analysis (SIEA). Besides raising awareness for sustainability risks, 
the purpose is to provide support both for concept selection and for 
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identifying actions to improve a concept by mitigating sustainability-related 
threats and exploiting opportunities. The specific purpose must be defined 
and described by the user prior to the analysis, e.g. whether different 
solutions are compared to each other or an existing solution is analysed to 
identify and manage related sustainability risks. The SIEA method consists 
of four main steps, Figure 3. Each step, alongside excerpts of how it was 
realized in the SIEA tool, is further explained in the following sub-sections. 
The full tool, including detailed instructions, templates, examples, and more 
is available as supplementary material. 

 

Figure 3. The four steps of the SIEA method and related inputs and outputs. 

Step 1: Sustainability Assessment 

According to the definition by Schulte and Hallstedt (2018), the 
sustainability risks that are connected to a product, process, or technology 
are dependent on its contribution or counteraction to society’s transition 
towards a sustainable society. Therefore, a sustainability assessment is the 
first step of SIEA. In order to identify hot-spots from a full socio-ecological 
sustainability perspective for each life-cycle phase, basic principles for 
sustainability (Broman and Robèrt, 2017) can be used as a lens to scan the 
life-cycle (Ny et al., 2006). At Company A, guiding questions were developed 
based on the leading sustainability criteria identified by Hallstedt (2017). 
Even though the sustainability assessment can be done directly in the SIEA 
tool, it is also possible to use the results of other sustainability assessment 
tools as input. Figure 4 presents an excerpt of the sustainability assessment 
step in the SIEA tool with an example from Company A. At Company B, 
examples of hot-spots include the much lower lead content of the new 
solution, but also potential problems when it comes to recycling of the new 
low-lead material. 
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Figure 4. Excerpt of the sustainability assessment step with examples from Company 
A. 

Step 2: Sustainability Risk Identification 

As described by Palousis et al. (2008), Hofmann et al. (2014), and Schulte and 
Hallstedt (2018), the mechanism that connects sustainability impact with 
business risks is stakeholder action. Two points are worth emphasizing: 
firstly, both internal stakeholders, e.g. employees or owners, and external 
stakeholders, e.g. customers or suppliers, must be considered; and secondly, 
stakeholder action can pose a threat, but also an opportunity for the 
company. For example, a product with a high sustainability impact can entail 
threats in relation to legislators’ action, while a product that contributes to 
sustainable development can come with opportunities if the customer 
experiences a higher value and willingness to buy. The risk identification 
step of SIEA focuses on establishing such connections between the 
sustainability hot-spots identified in step 1 and stakeholder value creation 
and action.  

To facilitate the risk identification activity, seven sustainability risk 
categories, Table 3, were created based on the categories proposed by 
Palousis et al. (2008) and Schulte and Hallstedt (2017b). There is overlap 
between the categories, for example, reputational damage can also cause 
competitive risks. However, the purpose of the categories is to trigger the 
identification of risks, while it is less important exactly which category a risk 
is assigned to. Also, as the connections between stakeholder needs and 
sustainability hot-spots are many, it is important to focus on key 
stakeholders and important risks. 
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Table 3. Sustainability risk categories and examples to facilitate sustainability risk 
identification. 

Sustainability Risk 
Category Examples 

Reputational risk 

Brand damage, negative publicity due to e.g., poor 
working environment in the value chain, unethical 
behaviour, bribery and corruption, environmental 
destruction 

Regulatory risk 
Legislative change, e.g., ban of a material or 
manufacturing process, carbon tax, producer 
responsibility 

Litigation risk The organization is found responsible for human health 
issues or environmental destruction, lawsuits, fines 

Competitive risk Failure to innovate and meet changing customer needs, 
falling behind competitors, losing market share 

Strategic risk 
Misalignment with company vision, strategy, or Code of 
Conduct, the organization takes a path that is a blind 
alley in the long-term 

Supply chain risk Dependence on critical materials (limited availability, 
conflict materials, high environmental or social impact) 

Competence and 
productivity risk 

Ability to attract and retain talented employees and 
collaboration partners, employee motivation, loyalty 
and productivity, efficiency of organizational processes 
and practices, competence, and capability development 

 

A stakeholder list, which exists in different forms at many large companies, 
can be used as input. For Companies A and B, workshops were done prior to 
the SIEA application where the company’s stakeholders were identified 
based on the stakeholder definition by Freeman (1984). The stakeholders 
were then mapped in relation to the attributes power, legitimacy, and 
urgency to better understand stakeholder salience (Mitchell et al., 1997). 
Finally, key stakeholders’ needs and expectations on the company were 
identified and listed. The SIEA tool includes an optional sheet to facilitate 
such a stakeholder mapping in case no similar input exists. Looking at the 
list of stakeholders and their needs, the SIEA user then has to identify who 
could affect or be affected by the sustainability hot-spots from step 1. Once 
this connection between sustainability hot-spots and stakeholders is 
established, the sustainability risks are formulated. After testing several 
designs for this step, it was found that it is most effective to only have one 
column in which the sustainability risks are described, Figure 5. 



Paper F 

 261 

 

 

Figure 5. Excerpt of the sustainability risk identification step with examples from 
Company A. 

Examples of sustainability risks identified at Company A include: (i) the use 
of critical elements like cobalt in the alloys causes risks in relation to 
reputation if media finds poor working environment in mines, legislation if 
stricter regulation on conflict minerals in put in place, and supply chain as 
critical materials are susceptible to supply chain disruptions; (ii) developing 
capabilities for AM will over time enable the design of light-weight 
structures, which leads to reduced fuel-consumption and operating cost of 
the aircraft in the use phase. This is highly valued by the customer and 
therefore represents a competitive risk (in this case an opportunity) for the 
company. Company B identified sustainability risks, such as the increased 
price for the low-lead product, which could negatively affect customer 
demand, and opportunities related to enhanced brand value and reputation 
and increased employee motivation and loyalty. 

Step 3: Sustainability Risk Analysis and Evaluation 

To be able to prioritize risk treatment and allocate resources, it is necessary 
to assess the identified risks in terms of their likelihood and consequences. 
As pointed out by Palousis et al. (2010), it is the social response that has to 
be assessed and Hofmann et al. (2014) provided more detail by explaining 
that it is about the likelihood of (i) the stakeholder noticing the 
sustainability issue; (ii) the stakeholder considering the issue as 
unacceptable (or desirable in the case of opportunities) and the company as 
responsible; and (iii) the stakeholder taking action. However, in practice, it 
was found challenging and not meaningful to try to assign distinct 
likelihoods for all three steps. For the sake of usability, SIEA only requires 
the assessment of a combined likelihood of a stakeholder noticing and acting 
upon a sustainability hot-spot. After that, it is assessed how severe the 
consequences of such action would be. Finally, a Risk Priority Number (RPN) 
is calculated by multiplying likelihood and severity, like in FMEA. Alongside 
the RPN, the SIEA user may indicate how easy it would be to mitigate the 
threat or exploit the opportunity, similar to the “improvement possibility” 
factor proposed by Lindahl (1999), see Figure 6.  
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Since it is crucial for strategic sustainability risk management to include a 
long-term perspective, the SIEA user is asked to assess likelihoods and 
consequences for three time horizons. Which specific times that should be 
considered is dependent on the industry. The team at the aerospace 
company decided to consider a three- (short term), ten- (the UN SDGs end), 
and twenty-year (release of some solutions that are developed today) time 
horizon. Accordingly, three risk priority numbers are calculated: short-term 
(SRPN), mid-term (MRPN) and long-term (LRPN). By calculating the sum of 
these numbers, a total risk priority number (TRPN) can be obtained. It 
should be noted that the TRPN guides the user’s attention towards the most 
important risks, independent of whether they are threats or opportunities. 
Different inputs can be used to facilitate the assessment, for example 
intelligence studies or studies on customer preferences. 

 

  

Figure 6. Excerpt of the risk analysis and evaluation step with an example. 

In the interactive work with Company A, it was found that this step of the 
process was particularly difficult, especially when it comes to putting 
numbers on the likelihood and severity of risks. For that reason, assessment 
scales, Table 4, were developed and two workshops fully dedicated to 
developing and testing the scales were conducted. Whether a 1-5 or 1-10 scale 
should be used was also discussed in depth. As both scales were found to 
have advantages and disadvantages, the newly developed assessment scales 
allow for both 1-5 or 1-10 to be used and it is recommended to use the same 
scale for this assessment as the company also uses for FMEA. 

Table 4. Excerpt of the scales that were developed to facilitate sustainability risk 
analysis and evaluation. Please see the following pages. 
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SIEA - Severity 

The cross functional SIEA team should agree on the scale. Each company will need to adjust number of years, % in decreased 
customer demand, "long time" etc. for the different levels since it will be different for different industries. Select one way and 

consistently apply that scale.  Ranking Reputational Risk Regulatory Risk Competitive Risk 

O
PP

O
R

TU
N

IT
IE
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G
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e-

C
h
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ng
 

5 

10 The company is globally recognized 
as the world leader and first choice 

in its industry both amongst 
collaboration partners and 

customers. The brand creates a 
major value and is decisive for the 
customer selecting the company.   

The company benefits strongly from 
being ahead of legislation, giving it a 
unique position on the market for a 

substantial amount of time. 

The company makes a huge leap and 
becomes market leader, leaving 
competitors far behind for more 

than 2 years in a core business area. 
Customers consider the company's 
offerings to be most attractive and 

desirable and the first choice. There 
is a huge increase in customer 
demand for a very long time.  

9 

M
aj

or
 

4 

8 
The brand is widely known and 

recognized for its good sustainability 
practices. The sustainability aspect is 

a major aspect considered by the 
customer and collaboration partners 

selecting the company. 

The company has a major advantage 
by being well-positioned in the face 

of legislative change in relation to its 
competitors for a longer period of 

time.  

The company gets a major lead and 
leaves competitors behind for 1-2 

years is a core business area. There is 
a major increase in customer 

demand for a long time. 
7 

Si
gn

if
ic

an
t 

3 

6 
The brand is clearly associated with 

good sustainability practices 
amongst many customers and 

collaboration partners. The 
sustainability association of the 

brand is considered by customers in 
their purchasing decisions.  

The company has a significant 
advantage by being well-prepared in 

the face of legislative change in 
relation to its competitors for some 

time.   

The company significantly increases 
its competitiveness in a business 

area of medium importance for up 
to a year. There is a significant 

increase in customer demand for 
some time.  

5 

M
in

or
 

2 

4 The brand receives a slight positive 
connotation amongst a limited 

group of collaboration partners and 
customers. 

The company has a minor benefit 
from being slightly better positioned 
in the face of legislative change than 
its competitors for a short period of 

time.  

The company slightly increases its 
competitiveness in a business are of 
minor importance for a few months. 

There is a minor increase in 
customer demand for a short period 

of time.  

3 

M
ar

gi
n

al
 

1 

2 

No or marginal discernible effect. No or marginal discernible effect. No or marginal discernible effect. 
1 

 

G
ui

da
n

ce
 

Consider: 
Scope: is the issue connected to the 
behavior of an individual or to 
company structure or culture?  
Public outrage: for example, high 
for issues like child labor, racism, 
discrimination, etc. and lower for e.g. 
quality problems, inefficiency, etc. 
Spread: Is the issue picked in a single 
local new paper article or in global 
media?  
Intention: was the issue an honest 
mistake or a conscious action? 

Consider: 
Scope: Are core- or only minor 
operations affected? 
Cost: How costly will it be to reach 
compliance? 
Non-compliance: Is there a risk that 
the company will not be able to 
ensure compliance? 
Predictability: How predictable are 
the regulatory changes and how high 
is the company's capability to adapt 
in time? 
Competition: Are competitors 
relatively more or less affected by 
legislative change? 

Consider: 
Scope: Are core- or minor business 
areas affected? 
Duration: For how long time will the 
company suffer from decreased 
competitiveness? How easy will it be 
to achieve competitiveness again? 
Extend: How far behind competitors 
will the company be? How much 
decrease in customer demand can be 
expected for the company's 
products? 
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 Ranking Reputational Risk Regulatory Risk Competitive Risk 
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1 

1 

No or marginal discernible effect. No or marginal discernible effect. No or marginal discernible effect. 
2 

M
in

or
 

2 

3 
One or few scattered reports. The 
issue is not picked up by general 

media and does not reach the 
general public or a significant share 
of the customer base. The issue is 

minor and public outrage in 
relation to the issue is low.  

Regulation that will require some 
effort to reach compliance with or 
that will lead to minor effects on 

operations, cost, or 
competitiveness. No risk of non-

compliance.  

The company loses some 
competitiveness in a minor business 

area or market. However, the 
company will be able to easily 

regain competitiveness in a matter 
of a few months. Customer demand 
is slightly affected for a short period 

of time. 

4 

Si
gn

if
ic

an
t 

3 

5 
Some coverage in media or 

attention among parts of the 
customer base. The issue is serious, 
but forgivable. Company brand and 

reputation are significantly 
damaged for 1-5 years.  

Regulation that affects core parts of 
the company in a significant way or 

that affects minor parts of the 
business in a major way. Reaching 

compliance requires significant 
changes or costs but can be 

achieved in time.  

The company loses some 
competitiveness in a business area 
or market of medium importance. 
Some effort will be required, and it 

will take up to a year to regain 
competitiveness. There is a notable 

decrease in customer demand.  
6 

M
aj

or
 

4 

7 
Some coverage in general media 

and wide-spread attention among 
the customer base. The issue is in 

direct conflict with company values 
and is considered important by 
customers. Company brand and 

reputation are severely damaged for 
5-10 years. 

Regulation that requires major 
changes in core company 

operations with major effects on 
costs or competitiveness. Reaching 

compliance may take time. 

The company falls behind its 
competitors in an important 

business area or market. It will be 
challenging and take 1-2 years to 

regain competitiveness. There is a 
major decrease in customer 

demand.  

8 

C
at

as
tr

op
hi

c 

5 

9 
Extensive media coverage, reaching 

millions of people in multiple 
countries. The issue is in direct 

conflict with company values and 
has a high societal interest. 

Company brand and reputation are 
destroyed for decades and could 

take the company out of business. 

Regulation that is directly and long-
lastingly affecting core company 

operations and where the company 
would have severe problems to 

comply or the cost to reach 
compliance would be extreme. 

Catastrophic effects on e.g. 
competitiveness that could take the 

company out of business. 

The company falls far behind its 
competitors in its major business 
are and/or market. It will be very 

difficult and take more than 2 years 
to become competitive again. The 

majority of customer's prefers 
competitors' products and there is a 

huge drop in demand that could 
take the company out of business.  

10 
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The assessments at Company A showed that high priority risks were related 
to, for example, (i) legislative change around critical virgin raw materials, 
especially in the long-term perspective; (ii) opportunities with developing 
capabilities and taking leadership in AM; and (iii) the initially higher weight 
of the new concept, due to changes in raw material. At Company B, 
opportunities in relation to legislation, reputation, and customer 
requirements that come with the lower lead content of the new solution 
were given high priority.   

Step 4: Sustainability Risk Treatment and Communication 

In the final step of SIEA, recommended actions are listed to treat the 
identified sustainability risks, Figure 7. In general, traditional risk treatment 
options can be considered also for sustainability risks, i.e., transfer, mitigate, 
monitor, avoid, and accept for threats, and exploit, enhance, share, and 
accept for opportunities. However, a multitude of implicit and explicit 
mitigation strategies exists, such as preventive, reactive, responsive, 
adaptive, and resilience decision-making strategies (Hubbard, 2009). In 
addition, due to the deep uncertainty that characterises many sustainability 
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In the 1990s, media reporting about 
Nike's use of sweat shops to produce 
their sportswear made stock prices 
and revenues drop. Since then, Nike 
has undertaken significant efforts to 
manage this issue and improve 
working environment and disclose 
information about supply-chains. 
 
In the early 2000, Starbucks became a 
focus of a boycott by the Organic 
Consumers Association (OCA), 
because of its use of genetically 
modified ingredients and non-organic 
and non-fair trade ingredients.  
 
H&M got negative publicity when it 
was discovered that they burn tons of 
new clothes each year, because they 
exceed legal limits for chemicals or 
were damaged during transport. 
 
On the other end, companies like 
Patagonia, Unilever, 3M, IKEA, and 
The Body Shop have benefitted from 
building strong sustainability brands. 

Ban of materials, substances, or 
manufacturing methods, e.g. lead, 
perfluorinated compounds (PFC), 
glyphosate, etc. 
 
Taxes on emissions or materials, e.g. 
carbon taxes. 
 
Extended producer responsibility. 
 
Increasing reporting requirements in 
relation to chemical use, product 
content, etc., e.g. REACH and RoHS.  
 
In 2003, Maine became the first US 
state to pass a law demanding specific 
reductions of greenhouse 
gas emissions across the economy. 
 
There have been several cases, e.g. in 
the automobile industry, of 
companies asking legislators to step 
up and to put tougher environmental 
and social regulation in place, because 
these companies were at the forefront 
and would have gained a competitive 
advantage. 

Companies like 3M, IBM, and 
Electrolux, exploited sustainability 
related opportunities and anticipated 
market changes, resulting in 
substantial competitive advantage 
and financial gains. 
 
Toyota was able to significantly 
reduce its costs by decreasing the 
average energy consumption per 
vehicle produced by 17% between 
2000 and 2004.  
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risks, additional strategies should be considered, e.g., robust decision-
making (Aven, 2013). Initially, this step was designed in a similar way to 
FMEA and the SIEA user was supposed to enter recommended and 
implemented actions, to assess the effects on likelihoods and severities, and 
then to calculate a new TRPN. However, in workshops at Company A, the 
importance of including an opportunity perspective more explicitly was 
highlighted and the step was re-designed. The user is still asked to enter 
recommended and implemented actions, but focus is then shifted towards 
explaining what opportunities these actions would present for the company. 
Thereby, the double nature of risks and the fact that threats can be turned 
into opportunities is emphasized.   

 

 

Figure 7. Excerpt of the sustainability risk treatment and communication step with 
an example from Company A.  

The team at Company A identified treatment options such as (i) separating 
scrap metal at different parts of the product during production to avoid 
mixing different waste materials; (ii) creating a more holistic view of the 
implications of using AM in terms of total material and substance use; and 
(iii) ensuring continuous management support and resource allocation to 
exploit competitive opportunities related to capabilities for AM. Company B 
decided among other things to further investigate the legislative 
implications of changing to the low-lead material.   

To support decision-making and communication of results, multiple 
visualisation options can be applied. The left part of Figure 8 shows how the 
magnitude of risks connected to a solution can be plotted along a time axis. 
This provides an overview of the risks and how they are assessed to change 
over time. Such a figure can be created before and after risk treatment 
actions are taken, thereby also showing the intended effect of such actions 
at different time horizons. Another possibility is to use the results of multiple 
SIEA applications to compare different solutions (right part of Figure 8). 
Thereby, the sustainability risks of different parts of the company portfolio 
can be assessed and visualized. This could provide support in balancing the 
portfolio and timing the introduction of new solutions, e.g. by having 
solutions that are profitable today but have high sustainability-related 
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threats in the longer term, and solutions that may be unprofitable today, but 
that offer large sustainability-related opportunities in the future.  

 

Figure 8. Visualisation of SIEA results for different risks of one solution (left side) 
and for different concepts or solutions within a company’s portfolio (right side). 

4.1 Evaluation 

In addition to the feedback and the resulting changes of the tool described 
in the previous sections, SIEA was evaluated in relation to its usefulness, 
usability, and effect potential through the continuous interaction with 
Company A, as well as explicit feedback sessions and a questionnaire at 
Companies A and B. Based on the experience gathered with the companies 
and the identified success factors for the application of the SIEA tool, a 
checklist with 16 items was created to provide support for the SIEA user. The 
checklist is available in the full version of the SIEA tool in the supplementary 
material.  

4.1.1 Challenges 

Both companies highlighted the importance of carefully defining the 
purpose and scope before moving on with the analysis. In specific, the 
practitioners had questions around whether SIEA should be applied on the 
new solution or on the old one that they thought of replacing. In conjunction 
to this, it was asked about whether the analysis should be relative, i.e. 
comparative, or absolute. SIEA can be used both for comparing sustainability 
risks of different solutions in order to make a selection, and for investigating 
one solution to see how this solution could be improved. Still, it is crucial to 
make this clear for the whole team before moving on with the work. 
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Companies A and B chose to focus on the new solution that they considered 
introducing. As noted by a practitioner at Company A, by asking “What 
would happen if we do not do this and are passive?” the risks with the new 
solution are still seen in the light of the existing solution. It is not only 
purpose and scope that the group needs to agree upon. It is also about how 
to apply the assessment scales, for example “seemingly negative events that 
affect the whole industry can be an opportunity for us if we are affected less 
than our competitors”, and how to handle the three different time 
perspectives, for example in relation to what kind of assumptions that should 
or should not be made about the future. Reaching a shared understanding 
of these issues and to apply that consistently throughout the analysis was the 
largest challenge encountered by both companies. Such challenges in 
creating a shared understanding are common for risk management exercises 
in general and were not surprising, given that SIEA also includes new and 
unfamiliar concepts like sustainability and different time perspectives. On 
the other hand, the discussions that naturally evolved around these issues 
were appreciated, because they forced the teams to engage in a dialogue 
around the product, its role at the company and how that would evolve over 
time, and how the future in the industry sector could look like. Another 
challenge was related to the diverse nature of sustainability risks, sometimes 
making it unclear for the participants how they should take some risks 
further and who should be responsible. For example, aspects in relation to 
the company’s ability to attract talented employees are not usually 
considered or managed in development projects.  

4.1.2 Success factors 

Besides creating consistency in the analysis, the practitioners identified the 
following success factors for making effective and efficient use of SIEA: (i) 
like with many other risk management or sustainable product development 
tools, SIEA must be applied by a “multifunctional group of people with good 
knowledge about the external world and internal company processes”; (ii) as 
sustainability risk management is new and unfamiliar to most people and 
there is some complexity in the SIEA tool, either an external facilitator is 
required or at least one person in the group should have gone through 
training in the tool; (iii) to achieve a real and long-lasting effect on decision-
making, SIEA must be integrated into the existing work-flow and processes; 
(iv) writing down the thoughts behind the analysis in the tool, because it is 
in the underlying discussion that the main value is created; (v) keeping the 
purpose in mind to direct attention and allocate time on the most important 
things; and (vi) consciously and explicitly applying opportunity thinking, 
which is necessary to create the interest and commitment needed to trigger 
action.  
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The practitioners were specifically asked about the time intensity of the SIEA 
tool. Even though the application of the full tool at Company A required 
significant amounts of time, this was not considered as a significant 
drawback, which was also confirmed by the anonymous questionnaire 
responses. A practitioner at Company A said: “Maybe after some training it 
takes a full day to go through the whole thing. But that is not so much since it 
is about strategic questions, and the strategy exists for a long time”. Also, once 
the analysis is done for a product or product family, a lot can be re-used and 
updated, which will make it go faster. With that said, it was also mentioned 
that the analysis does require stamina like other risk analyses.  

Aspects of SIEA that were particularly appreciated by the company 
participants include: (i) the tool having a similar format as existing tools like 
FMEA and since it is Microsoft ExcelTM based, it is easy to get started and 
navigate in the tool; (ii) it is straight forward with a logical flow between the 
steps, “hands-on and close to reality”; it brings multiple functions and 
disciplines to the table and forces them to take a holistic view on 
sustainability and risks, instead of focusing on a few technical aspects, and 
it provides a structure for how to do that in a group; (iii) it provides 
traceability for decision-making and “a structured way to analyze something, 
which is good because there otherwise is a lot of believing and opinions about 
things”; (iv) the risk categories, which were “of tremendous help for getting 
into the right mindset”; (v) the different time perspectives, which, although 
complicating the assessment, were new and “very interesting and inspiring 
and fun to also think about what will happen in the very long term”; and (vi) 
the quick, but structured way to identify hot-spots of sustainability impact 
across the whole life-cycle. 

4.1.3 Future development 

Wishes for future development expressed by the company participants can 
be summarized in three main points: firstly, to create a “fast track” that 
enables a quick scanning of the portfolio or a specific product. This is 
especially important if SIEA shall be used in concept selection because 
support tools must be quick at this point of the development process. 
Secondly, the practitioners asked for functionality to summarize the results, 
e.g. in a dashboard format, to make it easier to communicate the results of 
the analysis, both internally and externally. More advanced and automatized 
visualization were also mentioned in this context. Thirdly, and most 
importantly, the need for investigating how SIEA can be naturally integrated 
into existing decision-making processes was highlighted as key for taking the 
step from developing and testing the tool as part of a research study to 
implementation and long-term use without the involvement of an academic 
researcher. 
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4.2 Meta reflection on the research process 

In addition to interactively developing and testing SIEA, the researchers and 
practitioners reflected on the action research study as a whole. As regards to 
the process, the collaborative spirit between academic researchers and 
company practitioners was of key importance. Both because it provided rich 
insights on the many facets of real-world decision-making contexts, which 
are necessary to achieve quality in applied research, and because it 
contributes to creating the sense of ownership, commitment, and 
capabilities that are necessary to accomplish tool implementation in a value-
adding way in the company. The practitioners were genuinely curious and 
motivated to take part in the work, which may partly be due company 
culture and the fact that the work was based on a real need. As a result, all 
participants were active at meetings and workshops and spoke openly about 
their thoughts, about what they had knowledge about, but also what they 
lacked knowledge about, or what they did not understand. The foundation 
for this collaborative spirit was mutual trust, respect, and clear expectations, 
which were gradually built in the long history of joint research between the 
company and the academic research group.     

In the beginning of the research study, the initial thought was that SIEA 
primarily should be used in concept selection. Over time, an understanding 
crystalized that it also could be applied on a higher level of decision-making, 
because it involves many strategic questions, and several practitioners 
expressed that it should be tested in portfolio planning. At this point, the 
room for making changes is larger and the results of the analysis could then 
be used in the development of requirements for product- or technology 
projects, which play a key role for integrating a sustainability perspective in 
product development (Watz and Hallstedt, 2020).  

In the step of developing a tool based on the SIEA method presented in 
Figure 3, it could be observed that some steps of the tool were designed based 
on the theoretical understanding of the method, while the practitioners 
unconsciously applied the steps in a more intuitive way. This was particularly 
apparent in the risk identification step: it was designed to capture the 
instrumental stakeholder perspective that is central to the concept of 
sustainability risks. However, the practitioners did not consciously look at 
the sustainability hot-spots in relation to their stakeholders’ needs. Instead 
of looking at their stakeholder map, they were able to identify risks directly 
by looking at the sustainability hot-spots identified in step 1 and the 
sustainability risk categories (Table 3). This point may deserve further 
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attention and emphasizes the need to develop the tool in a way that is 
methodologically sound while being practically applicable, leveraging on 
practitioners’ competence and intuition.   

Looking at the potential of SIEA to provide decision-support and to facilitate 
change towards sustainable product development, participants expressed 
that it “increase[s] awareness for sustainability risks” and “opens up new 
views and perspectives when working and discussing in the group, which is a 
big step”. This learning in a group, which was facilitated by the tool was 
considered as a main benefit in itself. SIEA was also found to be a good way 
to “get these sometimes intangible issues black on white, which makes it easier 
to motivate a decision”. Also, the team “actually discovered new issues that 
we did not think about before”. A further indication of the value of SIEA is the 
fact that there is ongoing work at Company A both to ensure that the 
identified risk responses are implemented and to further adapt SIEA to the 
company’s specific needs, and to integrate it into existing decision-making 
processes.  

 

5 Conclusions 

By building on existing theory and findings from the area of sustainability 
risk management and action research with a product development and 
manufacturing company, this study presented the Sustainability Impact and 
Effects Analysis (SIEA). Its primary contribution to research is that the 
method shows how concepts from strategic sustainability thinking and a life-
cycle perspective on the one hand, and instrumental stakeholder theory and 
the risk management process on the other hand, can be combined. Thereby, 
it fills an important gap related to how a solution’s contribution or 
counteraction to strategic sustainable development can be connected to 
direct implications for the company’s business and competitiveness, both in 
terms of opportunities and threats. Exploring this connection is necessary to 
understand the driving forces and highlight the motivation for considering 
sustainability aspects in decision-making. It can also help to find the balance 
between being too passive and too proactive in relation to sustainability in 
product development.  

To make this method applicable for decision-makers, the SIEA tool was 
developed based on the FMEA structure, representing this study’s main 
contribution to practice. From a managerial perspective, the implications of 
these findings are (i) a risk perspective can support understanding and 
managing the dynamic interplay between sustainability aspects and 
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economic implications, considering different time horizons; (ii) 
sustainability risks can be diverse and are not only related to direct costs; 
(iii) a long-term strategic perspective is essential for successfully foreseeing 
and responding to sustainability risks; (iv) the opportunities that society’s 
transition towards sustainability entails are at least as important to manage 
as the threats.  

A case study with a company in another industry sector indicated that SIEA 
is applicable and adaptable in other contexts. However, given the limited 
number of cases, further research is needed to gain more insights about the 
generalizability of the findings, for example in relation to company size, 
companies that work with consumer products or services, or companies in 
other geographical locations. Other future research directions include (i) 
testing SIEA on different levels of decision-making, exploring if it is 
applicable and how it can be adapted to be used in strategic planning, 
portfolio management and for the development or weighting of 
requirements for development projects; (ii) combining SIEA with other 
methods for quantitative risk modelling or scenario exploration; (iii) 
continuing the work with Company A to study how methods and tools can 
be adapted and integrated in existing company processes to achieve 
implementation beyond specific research studies; and (iv) further validating 
the impact of SIEA on decision-making. Thereby, a risk management 
perspective can be utilized to support product development companies in 
contributing to strategic sustainable development of society in a way that 
strengthens the own organization. 
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Appendix A: Questions used in the semi-
structured feedback sessions 

1. First thoughts: What parts or aspects of the tool did you like? 

2. First thoughts: What do you think are the main challenges and 
drawbacks with the tool and/or for its implementation? 

3. To what degree do you think the tool could increase the awareness of 
sustainability risks? 

4. In what contexts do you think it could be useful? 

5. Did you discover anything new or surprising? 

6. In what way do you think the tool could be useful for portfolio evaluation 
(or other things)?  

7. In what way would you like to see this tool developed? 

8. What is your feedback specifically on… 

a. …the risk categories? How can they help in understanding and 
identifying risks? 

b. …the 1-10 scales with 5 levels that are described? 

c. …the division into threats and opportunities? 

d. …the descriptions of the severity levels for the different 
categories? 

e. …the guidance? 

f. …the helpfulness of examples? 

9. What are your thoughts in relation to next steps… 

a. Do you find the subject matter relevant? 

b. Would it be interesting to further develop a method for 
sustainability risk management? 
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c. What are your needs in relation to this? 

 

Appendix B: Questionnaire questions 

1. Which company are you working for? 

2. Usefulness: To what degree can the tool support you to… 

a. ... increase awareness and provide a base for discussion around 
sustainability risks and why they are important? 

b. ... clarify the WHY for sustainability from a business perspective 
by linking sustainability impact to threats and opportunities for 
the business? 

c. ... identify, assess, and treat sustainability risks in a systematic 
way? 

3. Usefulness: How VALUABLE did you find the following parts of the tool? 

a. Sustainability assessment to identify sustainability hot-spots in 
the life-cycle? 

b. Risk identification and connecting to stakeholders? 

c. Risk analysis and evaluation considering multiple time 
perspectives? 

d. Risk treatment and communication? 

4. Usefulness: How DIFFICULT did you find the following steps of the tool? 

a. Sustainability assessment to identify sustainability hot-spots in 
the life-cycle? 

b. Risk identification and connecting to stakeholders? 

c. Risk analysis and evaluation considering multiple time 
perspectives? 

d. Risk treatment and communication? 
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5. Is there anything else you would like to comment on regarding the tool's 
USEFULNESS? (optional) 

6. Usability: To what degree do you agree with the following statements? 

a. The excel tool had a clear structure and was easy to follow. 

b. The work-flow was intuitive and easy to understand. 

c. The risk categories (e.g. reputational, legislative, competitive, 
supply-chain, etc.) were helpful for risk identification. 

d. The tables explaining the scales for severity and likelihood were 
helpful for risk analysis and evaluation. 

7. Usability: What do you consider as main challenges and drawbacks with 
the tool? 

a. Too time instensive. 

b. Too complicated. 

c. Requires too much up-start and training. 

d. Must be done in a group. 

8. Is there anything else you would like to comment on regarding the tools 
USABILITY? (optional) 

9. Effect potential: If further developed and implemented, to what degree 
could the SIEA tool affect... 

a. Including sustainability aspects more naturally alongside other 
factors in decision-making. 

b. Increased awareness about the potential consequences (positive 
and negative) of decisions. 

c. Improved decision-making that contributes to the company's 
success and competitiveness in the short- and long term. 

d. Balancing sustainability initiatives: neither being too slow and 
passive nor too fast and proactive in relation to sustainability. 
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10. Is there anything else you would like to comment on regarding the tools 
EFFECT POTENTIAL? (optional) 

11. Next steps: To what degree to you think the following aspects would be 
interesting to further develop? 

a. A shorter, easier version that could be used for screening in 
concept selection. 

b. Visualisation of results. 

c. Integration of this tool with existing tools/processes at the 
company. 

d. Refinement of the tool to increase usability, e.g. more user-
friendly interface, instructions, examples, etc. 

12. Is there anything else you would like to add? (optional) 
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Society’s transition towards a sustainable state 
entails rapid and disruptive change in all sectors. 
This change is the source of profound uncertainty. 
From a company perspective, it can either pose 
existential threats if current practices or prod-
ucts enforce unsustainable development, or it can 
present opportunities if the company can provide 
solutions to the sustainability challenges humani-
ty is facing. Such sustainability-related threats and 
opportunities, i.e., risks, can be related to, for ex-
ample, reputation, legislative change, litigation, the 
ability to attract and retain talented employees, 
or the ability to meet customer needs on increas-
ingly sustainability-driven markets. While more 
and more companies recognize the importance 
of building capabilities for sustainable product de-
velopment to remain competitive, the relation be-
tween social and environmental aspects and eco-
nomic performance is still oftentimes viewed as a 
trade-off where some profit must be sacrificed to 
be sustainable.

Based on an interactive qualitative research ap-
proach, this thesis shows how a risk management 
lens can be used to support decision-makers at 
product development companies in understanding 
the dynamic interplay between socio-ecological 
sustainability aspects and business implications. 
The conceptual understanding of sustainability 
risks was advanced by identifying their character-
istics and by proposing a new definition, utilizing 
literature review and the Framework for Strate-
gic Sustainable Development. In the next step of 

the research, today’s situation and preconditions 
at some product development companies in Swe-
den were studied. Using multiple data collection 
methods, current risk management practices were 
investigated and hypotheses for sustainability in-
tegration were derived. Based on interviews with 
industrial and academic experts, the hypotheses 
were further developed into key aspects for sus-
tainability risk management that can be used as 
recommendations for practitioners. Utilizing the 
newly developed definition and key aspects, a con-
ceptual approach for strategic risk management 
within the sustainability transition was conceived. 
This approach was then adapted and operation-
alized as a workshop method for multifunctional 
teams in the context of product portfolio planning. 
Finally, the Sustainability Impact and Effects Anal-
ysis was developed and tested through an action 
research approach to provide decision-makers in 
early phases of the product innovation process 
with practical support for identifying, assessing, 
and managing sustainability risks.

Uncertainty is neither good nor bad – it is just an 
inherent part of reality. This thesis showed how a 
risk management approach can be used to guide 
decision-making in uncertainty within the sustain-
ability transition in a product development compa-
ny context. Thereby, companies can take the stra-
tegic leadership that is required to benefit from 
the opportunities that can be found in this time of 
deep uncertainty.
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