
 
 

 

 

 

System Innovation for Sustainability: 

A Scenario Method and a Workshop Process  
for  

Product Development Teams 
 

 

 

 

 

 

Ayşe İdil Gaziulusoy 

 

 
 

A thesis submitted in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy in Faculty of Engineering 

 
 

The University of Auckland 
 
 

2010



 
 

 



iii 
 

ABSTRACT 

The overall objective of this research was to effectively link the activities/decisions at product 

development (micro-innovation) level in companies with the transformation which needs to take 

place at the societal (macro-innovation) level to achieve sustainability. The research took place in 

three phases. In the first phase a broad literature review was carried out which covered areas of 

sustainability science, futures studies and system innovation theory. In the second phase, based on 

the findings and insights gathered from the review of the literature, a theoretical framework was 

developed explaining how activities and decisions at product development level relates to the long 

term and structural changes required at the socio-technical system level to achieve sustainability. 

This theoretical framework was used to develop a scenario method to help product development 

teams in planning for system innovation for sustainability. The third phase of the research consisted 

of field work carried out to test, improve and evaluate the scenario method following an action 

research methodology. 

The results of the field work indicated that the scenario method can aid product development teams 

to incorporate sustainability issues into their decision making in an effective way and can influence 

the business transformation which needs to take place as part of the societal transformation to 

achieve sustainability. Three outstanding issues related to the scenario method remain as potential 

areas for improvement and/or further research: 1) The trade-off between the time/cost efficiency of 

the scenario method and the depth of the output which can be achieved using it; 2) The conflict 

between the time horizon prescribed to be used by the scenario method and the planning periods 

conventionally used by businesses which is only a fraction of the time required to transform socio-

technical systems, and; 3) The wider application scope of the scenario method.  
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1.  INTRODUCTION 

1.1. SUSTAINABILITY, TECHNOLOGY AND SYSTEM INNOVATION 

It is now commonly accepted that, in order to achieve sustainability, there is a requirement for 

societal transformation. This transformation covers institutional, social/cultural, organisational as 

well as technological change (Loorbach, 2007). The wide topic of the research behind this thesis 

could be referred to as sustainable technology development. However, it is widely recognised that 

sustainability is a system property rather than a property of system components in isolation (Clayton 

& Radcliffe, 1996). In this regard, technologies individually cannot be defined as sustainable or 

unsustainable and they should be considered within the socio-technical system they are meant to be 

used in. Only if the socio-technical system of concern is sustainable, then the technologies therein 

can be regarded as sustainable. Following this reasoning, in this research technology development is 

conceptualised as taking place in a system of socio-technical interactions. Therefore, the wide topic 

of this thesis is the transition to sustainable socio-technical systems or system innovation for 

sustainability. 

Currently, significant effort is being put into developing a theory of system innovation for 

sustainability. The research in this area mainly focuses on governance of system innovation (or 

transition management as preferred by some researchers). Therefore, the area of system innovation 

is mainly studied for the purposes of developing science and technology policies in the broad 

interdisciplinary area of science and technology studies. Among the scholars contributing in the 

development of the theory of system innovation for sustainability, there is a common consensus that 

system innovation cannot be mandated or controlled via top-down approaches but can only be 

steered at its best (Loorbach & Rotmans, 2006; Geels & Schot, 2007; Loorbach, 2007). There is also 

evidence that bottom-up interventions play a significant role in societal change for system innovation 

(eg. Smith, 2004; 2007; Seyfang & Smith, 2007). The structural changes needed are long term, highly 

uncertain and disputed processes (Loorbach, 2007). In addition, in the long term, there is a lack of 

governmental policy and law to oversee societal processes (Holling, 2001). Even in shorter terms (in 

democracies), politicians cannot make decisions that involve structural changes without the support 

of societal groups and/or individuals who have stakes in the assumed/proposed changes (P. Weaver, 
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personal communication, 27 March 2008). One of these major stakeholder groups within the society 

is industry. Industry constitutes the scope of this research. 

1.2. SCOPE AND FOCUS OF THE RESEARCH: COMPANIES AND PRODUCT 

DEVELOPMENT TEAMS 

Industry is one of the major causes of environmental deterioration, as well as the main agent for 

economic and social development (Schot, Brand & Fischer, 1997). Industry is a subset and an integral 

part of the society. It provides products and services for need fulfilment and well-being. It facilitates 

economic and social development as well as cultural exchange. It also facilitates human and 

technological development through generation of knowledge and plays an important role in job 

creation and employment. The companies are not only responsible to, and driven by, the interests of 

their shareholders. They also are responsible to, and influenced by, all stakeholders that they come 

in contact with, either directly (consumers, employees, governmental institutions, supply chain, etc.) 

or indirectly (competitors, educational institutions, public in general).  

Initially, the scope of this research was limited to the manufacturing industry. However, separating 

the manufacturing and service industries was dismissive of the fact that these two industries are 

indeed very interrelated. There are no solid boundaries between products and services since each 

product is providing a service. For example, the service provided by a pen is to enable writing. The 

same service is provided also by the keyboard of a computer. Neither the pen, nor the keyboard 

would have any meaning or relevance in a society which had not invented writing. Therefore, 

(manufactured) products in a sense are mediators of services demanded in a society. Also, at the 

level of socio-technical systems, products and services cannot be separated from each other by 

meaningful boundaries since they jointly provide solutions of systemic property. For example, public 

transportation is provided through a combination of products and services such as buses driven by 

drivers, bus-stops built by the city councils, tickets sold by ticket agencies, etc. In endeavouring to 

achieve innovation at system level, this research focused on industry without making any distinction 

between the manufacturing and service industries.     

The foundations of system innovation theory started to be established in early 1990s (e.g. Kemp, 

1994). The past five years (as of 2010) saw a very intense development in the theory. These recent 

developments sufficiently articulated the dynamics within the socio-technical system (e.g. Geels, 

2005a; Smith, Stirling & Berkhout, 2005), identified transition typologies (e.g. De Haan & Rotmans, 

2007; Geels & Schot, 2007), developed transition arenas and even a management approach to such 
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transitions (Loorbach, 2007), etc. This enormous intellectual accumulation provided explanations 

regarding how individual companies fit into the big and long-term picture of system innovation to a 

certain extent. Recent contributions articulated different perspectives on system innovation 

including business perspective, design perspective and consumer perspective through cases, 

examples, and some models (e.g. Van Bakel, Loorbach, Whiteman & Rotmans, 2007; Tukker, Charter, 

Vezzoli, Stø & Andersen, 2008). However, the question related to how to achieve empowerment of 

companies to enable their active participation towards system innovation for sustainability remained 

unanswered.  

Existing tools and approaches for business sustainability have not been sufficient to guide the 

industry towards system level innovation. Two case studies Van Bakel et al. (2007) found that system 

innovation for companies poses a unique challenge. This unique challenge requires companies to run 

shadow-track strategies for developing new technologies in line with sustainability requirements 

while continuing their regular business practices. This unique challenge highlighted the requirement 

that companies needed to start intervening in their day-to-day activities and strategies. These 

interventions should be in such a way as to realise the required shift in their organisational models 

and technological output in the longer-term to achieve sustainability at societal level. In other words, 

innovation at system level requires companies to start aligning their products/services, strategies 

and business models with the society’s long-term sustainability visions in a systemic way. This 

alignment process probably is the most important part of a shadow-track strategy. 

This research found its niche in this alignment requirement. The lack of sufficiently detailed theory 

positioning companies in system innovation and tools developed for the use of companies to align 

their strategies with societal level visions of sustainability are identified as gaps to be filled by this 

research. Even though theory around system innovation is now very elaborate, not much effort has 

been put into how activities at product development level can be related to the change which needs 

to take place at the wider societal level. However, addressing product development level is crucial in 

system innovation because: 

1. Product development function is the key business function of companies who are among the 

most important actors of system innovation; 

2. Product development activity is the operational and strategic level within which the required 

business transformation will manifest itself over time; 

3. Product development level is where the new technologies and products/services of these 

technologies will be developed;  
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4. Product development level is where the new markets and new user profiles of new socio-

technical systems will be envisioned, and; 

5. Product development level is where the technical characteristics and social meaning of the new 

products and services will be determined.  

As a result, this research was formulated around the emerging need for tools and methods that 

would enable product development teams of companies to take system innovation on their agenda 

and start planning for it. 

1.3. RESEARCH OBJECTIVE AND AIMS 

The overall objective of this research was to effectively link the activities/decisions at product 

development (micro-innovation) level in companies with the transformation which needs to take 

place at the societal (macro-innovation) level to achieve sustainability. The research took place in 

three distinguishable phases. The findings of each phase guided the direction of the following one. 

From the research objective, three main aims and several sub-questions were progressively 

formulated. Figure 1 shows these aims and questions in order of progression along with the findings 

of each phase as an input to the following phase.  
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Figure 1. The progression of research aims and questions 
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1.4. RESEARCH CONTRIBUTION 

In line with the research objective and aims, the contributions of this research can be summarised as: 

 Integrating insights from a broad review of literature (Chapter 2, 3, 4 and 5) covering the areas 

of sustainability science, futures studies and system innovation to develop a theory and 

conceptual models about system innovation for sustainability at product development level 

(Chapter 6); 

 Development, testing, improvement and evaluation of a scenario method and its operational 

tool (i.e. a workshop design) which is systemically linking the activities and strategic decisions of 

product development teams to the long term transformation which needs to take place at the 

level of socio-technical systems to achieve a sustainable society (Chapter 7, 8 and 9), and;  

 For the social embedding of the research outcome, development and distribution of a step-by-

step Facilitator’s Guide which can be used by change agents to run workshops (Appendix V). 

The contribution of research is discussed in detail in Chapter 10 under Section 10.1 where the overall 

research outcomes and contributions are discussed. 

1.5. STRUCTURE OF THE THESIS 

This thesis is structured in three parts. The first two parts reflect the three progressive phases of the 

research as explained under Section 1.3. The final part completes the thesis by providing a review 

and discussion of the overall research as well as conclusions. Figure 2 shows this structure. 

The first part of the thesis reports the findings of the review of literature relevant to innovation for 

sustainability. The chapters in this part respectively investigate the concept of sustainability and 

elements of sustainability science (Chapter 2), characteristics of innovation for sustainability and 

theory of system innovation (Chapter 3), the relationship between futures studies, sustainability and 

system innovation (Chapter 4), and finally the role of industry in achieving sustainability (Chapter 5).  

The second part reports the development of the scenario method. It builds on the findings of the first 

part and integrates the insights gathered during the literature review. In this part, initially, the 

theoretical framework developed to explain how product development level relates to system 

innovation for sustainability is presented (Chapter 6). Following the articulation of the theoretical 

framework, the scenario method complete with its operational tool developed to aid product 

development teams in planning for system innovation for sustainability are outlined (Chapter 7). The 

scenario method is then tested, improved and evaluated through field work. For this aim, first the 
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research methodology and design followed to carry out the field work are explained (Chapter 8). This 

is followed by reporting and discussing the results of the field work (Chapter 9). 

 
Figure 2. The structure of this thesis  

The final part provides a review and discussion of the overall research (Chapter 10) and conclusions 

(Chapter 11) to complete the thesis. This part revisits the research objective and discusses the 

scientific and societal outcomes of the research. It articulates the contribution this research has 

made and provides suggestions for further research to carry the work undertaken in this research 

forward.  
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2. UNDERSTANDING SUSTAINABILITY – AN OVERVIEW 

2.1. INTRODUCTION 

The knowledge provided by sustainability science has to be one of the major building stones of any 

genuine attempt in the industry towards achieving sustainability. Sustainability science focuses on 

the dynamic interactions between the nature and the society, and therefore, it is identified to have 

different characteristics than of traditional disciplines (e.g. Kates et al., 2001; Clark & Dickson, 2003). 

A recent research which investigated the citation network in the field of sustainability science has 

identified 15 main research clusters under the field of sustainability science (Kajikawa, Ohno, Takeda, 

Matsushima, & Komiyama, 2007). Some of these clusters mainly receive input from natural sciences 

(e.g. biodiversity), some mainly from social sciences/humanities (e.g. rural sociology). However, most 

of these clusters are interdisciplinary areas and receive input from both natural sciences and social 

sciences/humanities (e.g. ecological economics, urban planning, etc.). All of these research clusters 

operationalise sustainability differently since their primary foci significantly differ from each other. 

However, all of the operationalisations of sustainability in any field are either explicitly or implicitly 

based on three fundamental and interwoven choices. The first of these choices relates to the 

sustainability model adopted. The second is the choice of the (sustainability) assessment method and 

is based on the adopted sustainability model. The third choice is the time frame within which 

sustainability is being assessed.  

This chapter presents the findings of the literature review carried out to investigate the basics of 

sustainability science. It also explains and justifies how sustainability is operationalised in this 

research. 

2.2. THE TWO MODELS OF SUSTAINABILITY 

The widely quoted definition of sustainable development is ‘development that meets the needs of 

the present without compromising the ability of future generations to meet their own needs’ (World 

Commission on Environment and Development (WCED), 1987, p. 43). In this definition, there is no 

explicit reference either to the environment or to the economy, but the full emphasis is on the 

society. Therefore, concluding from the definition, the conceptual priority of sustainable 
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development is sustaining human society and societal functions through preservation, (re)generation 

and equitable distribution of all assets supportive for human development.  

Even though some of those assets are not solely in material form (education, safety, security, equal 

opportunity, etc.), they are associated closely with and require those assets in material form (need of 

physical infrastructure for education, safe and easy access to clean water, etc.). These assets are 

derived either directly from nature (i.e. ecosystem services) or through economic activities involving 

exchange of labour and materials with financial assets. In today’s society, especially in industrial and 

post-industrial communities, the majority of individuals are not involved in obtaining resources 

directly from nature. Those resources reach individuals generally through a long supply chain and 

after numerous processes, which change the primary qualities of components and combine them in a 

different form and/or function. Thus, the goal of sustaining society requires understanding of all 

interactions and interdependencies taking place within society itself and among society, environment 

and economy.  

There are two main models of sustainability, i.e. weak and strong. These models differ from each 

other according to the conceptualisation of interrelationships between environment, society and 

economy.  

As defined by Flemmer and Flemmer (2005), the weak sustainability model suggests that ‘the 

community can use its natural resources and degrade the environment as long as it is able to 

compensate for the loss with human capital (skills, technology, buildings, machinery, etc.) (p.31)’. As 

shown in Figure 3, this model is represented by three intersecting circles, each of which representing 

one of the pillars. Gowdy (2005) criticises the weak sustainability model as relying on the unrealistic 

assumption that ‘either unlimited substitution among different kinds of capital is possible or that 

money is the universal substitute for anything’ (p.216). He also argues that the weak sustainability 

model equates welfare with consumption. Sartorius (2006) points out that the assumption which 

equates welfare with consumption has limited accuracy since, for many types of natural assets, 

technical substitutes do not exist. In addition, the weak sustainability model does not take into 

account that the future benefit society will derive from capital cannot be predicted with certainty 

(Figge, 2005). Therefore, the weak sustainability model contradicts the requirement of not 

compromising the ability of future generations to meet their needs.  
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Figure 3. The weak sustainability model 

The strong sustainability model (Figure 4) is also represented by three circles. However, for this 

model, the circles are concentric; environment is the outermost circle and followed respectively by 

society and economy. This model, contrary to the weak sustainability model, suggests that the 

different kinds of capitals subsumed by environment, society and economy cannot be substituted 

(Gray, 1992). These different capitals complement each other rather than substitute (Daly, 1990). 

 
Figure 4. The strong sustainability model 

Any operationalisation based on the weak sustainability model aims for sustaining the overall 

quantity of assets embedded in these interconnected aspects assuming that quality and/or quantity 

of individual aspects may be compromised. Any operationalisation based on the strong sustainability 

model, however, aims to sustain both overall and individual qualities and quantities of all assets 
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embedded in all three aspects. The strong sustainability model captures the interconnectedness of 

environment, society and economy better than the weak sustainability model does. As a result, the 

model provides a holistic standpoint which allows a better understanding of the effects of 

interrelationships taking place between the environment, society and the economy. As stated 

previously, the conceptual priority of sustainable development is society. Nevertheless, hierarchical 

interdependencies dictate the environment to be the operational priority since both society and 

economy are dependent on the environment as the provider of resources necessary to live and to 

produce. The economy is the subset of society as being both the result and the cause of some 

societal activities.  

There is a shift both in research and in policy development areas towards adopting the strong 

sustainability model. This research also adopts this model due to its better comprehension of the 

hierarchical and irreversible interrelationships between the three aspects of sustainable 

development. 

Faber, Jorna, and Van Engelen (2005) carried out a study to determine conceptual foundations of 

sustainability and unravel how the use of the concept has changed among researchers since the 

1960s. They analysed the definitions of sustainability within a framework consisting of three aspects; 

i.e. kind of artefact (what is to be sustained?), the goal orientation (absolute or relative perspectives 

in goal definition to achieve sustainability), behavioural interaction (whether sustainability is 

conceived as a static or a dynamic state). They concluded that both theoretical (definitions) and 

practical (operationalisations) contributions pointed to the evolution of the concept from being static 

and absolute to dynamic and relative.   

This evolution points to a shift from an idealised, generalised, unidentifiable, and therefore, an 

unassessible concept to one which provides a ground for continuous improvement through 

comparative assessment. The static conceptualisation assumes no change over time within the 

subject artefact itself and between other artefacts in its environment. On the contrary, the dynamic 

conceptualisation of sustainability realistically assumes both internal and external changes will occur 

over time and space.  

Along the same lines as Faber et al.’s findings, Hjorth and Bagheri (2006) define sustainability as a 

‘moving target’ (p. 76), which is updated on a continuous basis as a result of continuously improving 

understanding. This dynamic approach gives us the opportunity to adapt our goals as we have new 

findings and/or if there is a change in conditions. Internal and external forces influencing change over 
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the environment, society and economy continuously alter the conditions of sustainability. In relation 

to their definition of sustainability as a moving target, Bagheri and Hjorth (2007), suggest a process-

based, multi-scale and systemic approach to planning for sustainability guided by a target/vision 

instead of traditional goal-based optimisation approaches. 

2.3. COMPLEXITY AND CO-EVOLUTION 

The meta-system of global ecological, economic, and social relationships can be analysed separately 

by defining boundaries. Nevertheless, any attempt to achieve sustainability will be meaningless if this 

analysis is carried out without taking the interdependencies of ecological, economic and social 

relationships into account. When the sub-systems under the meta-system and their 

interrelationships are taken into consideration, it is realised that both the meta-system and its sub-

systems are complex systems. As a result, research and implementation regarding sustainability 

requires dealing with complex systems.  

Defining complex systems is not an easy task. As a starting point, it can be said that complex systems 

are what simple systems are not. The major distinguishing characteristics of simple systems are 

predictable behaviour, small number of components with few interactions among them, centralised 

decision-making and decomposability (Casti, 1986). Therefore, through negation of these 

characteristics, the major characteristics of complex systems are identified as unpredictable 

behaviour, large number of components with many interactions among them, decentralised 

decision-making and limited or no decomposability. A distinction between complicated and complex 

systems is also useful here. Cilliers (1998) argues that if a system has a very large amount of 

components but yet can still be fully analysed, the system is complicated rather than complex. A 

complex system, on the contrary to a complicated one, has intricate sets of non-linear feed-back 

loops so that it can only be partially analysed at a time. In this sense a machine of any kind with large 

quantity of parts is complicated whereas a human being or an ecosystem is complex.   

Funtowicz and Ravetz (1994) classify complex systems as ordinary and emergent. They argue that 

ordinary complex systems tend to remain in a dynamic stability until the system in overwhelmed by 

perturbations such as direct assaults like fire or invaders. Conversely, in emerging complex systems 

there is continuous novelty and these systems cannot be fully explained mechanistically or 

functionally since some of their elements possess individuality, intention, purpose, foresight and 

values. Any system involving society is thus an emergent complex system.  
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Hjorth and Bagheri (2006) state that complex systems cannot be fragmented without losing their 

identities and purposefulness. Similarly, Linstone (1999) refers to the general illusion or 

misassumption that we can break complex systems into parts and study these parts in isolation. He 

calls this as ‘a crucial assumption of reductionism (p.15)’ and points to the fact that such implied 

linearity is not a characteristic of complex systems. Indeed, in complex systems, the complexity is not 

determined by the characteristics of the components of the system but rather the relationships and 

the interaction between the components (Manson, 2001). The interaction between the components 

is not necessarily physical but can be in the form of information exchange as well (Cilliers, 1998). 

Mant (1997) gives an illustrative example of irreducibility of complex systems in his frog and bike 

analogy. One can dismantle a bicycle, carry out maintenance and reassemble it. The bicycle is still a 

bicycle and works perfectly. Nevertheless, if you separate a part of frog for any reason and keep on 

breaking it apart, the frog will perform unpredictable adjustments to survive until a time comes and 

the system (i.e. frog) tips over into collapse. Therefore, it is not possible to study complex systems 

meaningfully by breaking them into their components. At times when there is a need to define 

system boundaries, this should be done acknowledging how the part under study relates to the rest 

of the system.     

In addition to irreducibility and emergent behaviour, the other characteristics of complex systems 

are self-organisation, continuous change, sensitivity to initial conditions, learning, irreducible 

uncertainty, and contextuality (Cilliers, 1998; Gallopín, Funtowicz, O'Connor & Ravetz, 2001; Manson, 

2001; Cooke-Davies, Cicmil, Crawford & Richardson, 2007). Complex systems in general are 

hierarchic or have multiple-levels and each element is a subsystem and each system is part of a 

bigger system (Casti, 1986; Gallopín et al. 2001; Holling, 2001; Gallopín, 2004). Hierarchical structures 

have adaptive significance (Simon, 1974). This adaptive significance is not due to a top-down 

authoritative control but rather due to the formation of semi-autonomous levels which interact with 

each other and pass on material and/or information to the higher and slower levels (Holling, 2001).  

It is impossible for an analyst to understand a complex system totally and correctly. However, some 

requirements can be extracted with references to characteristics counted above. First, emergent 

behaviour, sensitivity to initial conditions and learning which takes place by system components 

imply time-dependency of complex systems. This time-dependency is two-fold; both history of the 

system and the particular moment the analysis is undertaken will affect the outcome. Since context 

is important to understand adaptive systems, and there are multiple-levels in a system, an analysis 

should include more than one level as well as the different perspectives present in the system 

(Gallopín et al. 2001; Gallopín, 2004). For an effective analysis, the analyst needs to oversee the 
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(sub)system being analysed from a vantage point. This vantage point should be at a higher or 

preferably meta-level to identify a context specific perspective while still acknowledging the 

interconnections between the (subsystem) being analysed and the rest (Espinosa, Harnden & Walker, 

2008). 

The three major subsystems of the meta-system (i.e. ecology, economy, society) and most of the 

sub-systems of these components (e.g. evolutionary processes, market operations, individual 

animals, companies, etc.) are classified under a special category of complex systems terminologically 

known as complex adaptive systems (CAS). The distinguishing feature of CAS is that ‘they interact 

with their environment and change in response to a change (Clayton & Radcliffe, 1996, p.23)’. They 

are resilient; therefore, they ‘can tolerate certain levels of stress or degradation (p. 31)’. As a result, 

sustainability of a CAS can be achieved if the adaptive capacity of it is not destroyed.  

The sustainability of a single entity is dependent on and determined by sustainability of the other 

components with which that single entity has interactions. Together all these components form a 

system, and therefore, sustainability can only be achieved using non-reductionist, dynamic systems 

thinking. The subsystems of a system should be adaptable to changes which occur both in the other 

subsystems, and as a result, in the entire system. The subsystems must co-evolve to render 

sustainability possible.  

The term co-evolution was first coined by Ehrlich and Raven in 1964 to explain the mutual 

evolutionary processes of plants and butterflies (Ehrlich & Raven, 1964).  Even though the term first 

emerged in the area of evolutionary biology, it spread in other, especially interdisciplinary, domains 

studying interactions between natural and human-made systems (Norgaard, 1984, 1995; Winder, 

McIntosh, & Jeffrey, 2005; Rammel, Stagl, & Wilfing, 2007). Some of the other domains which use 

the co-evolutionary approach to explain, analyse and manage interacting natural and social systems 

include technology studies, organisational science, environmental and resource management, 

ecological economics and policy studies (Rammel et al., 2007; Kallis, 2007a).  

It is important here to note that, despite many similarities between biological evolution and social, 

cultural, technological and economic change, there are differences as well (Rammel & Van Den 

Bergh, 2003; Kallis, 2007b). In the wider context of sustainable development, co-evolutionary change 

does not necessarily happen on a reactionary basis as generally happens in ecosystems. Rather, in 

socio-economic or socio-technical levels, it can also be deliberately aimed at both the individual and 

collective levels by system components in accordance with changing system conditions (Holling 2001; 
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Cairns Jr, 2007; Kemp, Loorbach, & Rotmans, 2007). Co-evolution is reflexive and refers to the mutual 

change of all system components. During this mutual change, one component may or may not 

dictate a change over other(s). 

2.4. OPERATIONAL TIMEFRAME 

When considering sustainability, selection of a temporal frame of analysis becomes an important 

issue since, as discussed in the previous section, the systems of concern are time-dependent. These 

systems change over time and their interdependent components have different paces of change. The 

change speed of one component influences the change speed of others. Even though the length of 

time frame to be used when planning for sustainability is still being debated, the concept intrinsically 

requires a long-term future orientation. Long term is not a static, predetermined time span to be 

applied to the whole of the meta-system. Rather, it is determined in line with the nominal temporal 

(and also spatial) scales of the system component whose sustainability is of concern (Costanza & 

Patten, 1995). For cities, for example, the nominal life span can be accepted to be 1000 years or 

more. However, for a human being, the nominal life span, and hence the ‘long term’ in which 

sustainability is monitored and assessed will be around 70 years.    

 
Figure 5. Temporal and spatial scale versus size of the operational context (adapted from Gaziulusoy 
& Boyle, 2008) 

When sustainability of a complex system is of concern, from smaller (smallest) to broader (broadest), 

there is a continuum of hierarchically interdependent operational contexts to which the concept of 

sustainability can be applied (Figure 5). According to the operational context, the length of ‘long 

term’ should change; as the operational context widens, the length of planning should extend in 

order to cover subsumed operational contexts and to connect them both spatially and temporally 
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(Gaziulusoy & Boyle, 2008). Nevertheless, this is not a one-way linear relationship. While planning at 

higher-order operational contexts requires longer and wider scales to cover lower-order contexts, 

lower-order contexts are externally bound by this larger scale no matter what their internal scale is 

(Holling, 2001). As an illustrative example, climate and vegetation can be considered. Climatic cycles 

are much longer than vegetation cycles. Successive generations of the same type of vegetation are 

dependent on annual rainfall and temperature. In accordance with the resilience of vegetation, 

variations in rainfall or temperature between years are tolerable to some extent. But as climatic 

change affects the rainfall or temperature over the long term, first, some characteristics of the 

vegetation and then the type of vegetation will need to change. This also applies to human-nature 

interactions, as the previous example could easily be adapted, for example, to agriculture-climate or 

technology-resource cases. Therefore, lower-order operational contexts should be aware of issues 

and scales of higher-order operational contexts, first, to guarantee their success and, second, to 

guarantee sustainability of higher-order contexts. 

2.5. ASSESSING SUSTAINABILITY 

Gasparatos, El-Haram and Horner (2008) recently carried out a critical review of some approaches to 

assess progress towards sustainability. The approaches they reviewed are classified as monetary 

tools, biophysical models, and, sustainability indicators and composite indices. Their analysis 

concluded that, the available approaches to assess sustainability are reductionist, each promote a 

particular and different sustainability vision and, despite their advantages, individually they are not 

capable to address the complexity and adaptation associated with the systems being considered.     

Pope, Annandale and Morrison-Saunders (2004) analysed some of the other, more comprehensive 

sustainability assessments. Some of the sustainability assessments they analysed are derived from 

environmental impact assessment (EIA) and strategic environmental assessment (SEA) by 

incorporating social and economic considerations along with environmental ones. This incorporation 

does not perform an integrated approach. EIA- and SEA-driven sustainability assessments 

demonstrate a Triple Bottom Line (TBL) approach and reflect the weak sustainability model by 

considering the environment, society and economy separately and measuring the overall impact. 

Therefore, EIA- and SEA-driven sustainability assessments promote trade-offs, often at the expense 

of the environment and they also have practical challenges and limitations (Pope et al., 2004).  

Another type of sustainability assessments Pope et al. (2004) analysed are objectives-led integrated 

assessments. These assessments derive from objectives-led SEA and are more compatible with the 
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concept of sustainability since the assessment is carried out by comparison against aspirational 

objectives. However, this particular type of sustainability assessments demonstrates the problem of 

conflicting strategic goals at different planning levels. The general criticism of Pope et al. (2004) is 

that integrated assessments are ‘direction to target’ approaches in which the target is an unknown, 

undefined sustainability state. As a result of their criticism regarding EIA-/SEA-driven and objectives-

led integrated assessments, Pope et al. (2004) recommend the use of sustainability principles as 

criteria for assessment.  

Nevertheless, principles based assessments come with their own problems. Defining sustainability 

principles can be useful and meaningful for decisions covering long term, but this is a very 

challenging task if not impossible. These either have to be very general or should be subjected to 

reassessment and refinement in line with the knowledge that is increased or elaborated within time 

or as the system conditions change. In the former case of setting very general principles, the 

assessment will have high subjectivity due to possible different interpretations of these general 

principles. The latter case is not less challenging than the former one but it better reflects the 

dynamic and complex characteristics of the sustainability concept.  

In line with the dynamic concept of sustainability, Costanza and Patten (1995) argue that 

sustainability can only be determined after the fact. We cannot really know whether an action, a 

product or a process is sustainable. Sustainability is not an absolute goal. The dynamic nature of the 

meta-system and its subsystems and the new knowledge gathered about those systems continuously 

alter our assessment criteria. Assessing sustainability cannot be done before the actual event takes 

place and, once the event happens, there is no possibility for a precautionary action. In addition, 

what is regarded as sustainable today may not be so in the future. As the system conditions change, 

the sustainability requirements will change as well. Therefore, principles based assessments will 

either be unsatisfactory in meeting long-term sustainability requirements or will be over-

precautionary taking into consideration the worst case scenario about the system of concern. An 

under-precautionary approach can cause the system to collapse as a result of crossing tipping points 

in the system. On the other hand, an over-precautionary approach can cause an unnecessary 

decrease in the utilisation of system potential towards meeting intergenerational and 

intragenerational needs and, therefore, can slow the process of sustainable development down.  

Sustainability does not refer to an infinite life span but rather ‘A system is sustainable if and only if it 

persists in nominal behavioral states as long as or longer than its expected natural longevity or 

existence time’ (Costanza & Patten, 1995, p. 195). Consequently, anything which reduces a system’s 
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natural longevity will reduce its sustainability. Boyle (2004) suggests that ‘probability of an event 

causing the conditions of a system to become non-operational for the system determines how likely 

the system is to be unsustainable’ (p. 20). Both Costanza and Patten (1995) and Boyle (2004) point 

out that sustainability is time and space dependent, that is to say, there is a temporal and spatial 

hierarchy of systems and sub-systems which should be taken into account when considering 

sustainability. The nominal lifespan of a system will be longer than the lifespan of any of its sub-

systems to render evolution possible. Boyle (2004) also points out the location-specific characteristic 

of sustainability. She gives the examples of effects of acid rain and air emissions being different in 

different locations due to different local conditions.  

Boyle (2004) suggests using risk assessment when planning for sustainability within long term. 

Instead of setting principles, she sets two goals (i.e. humans will be here and current cities will be 

here) and makes four assumptions (i.e. the basic laws of physics and thermodynamics will still hold; 

materials and energy will still be required to meet human needs and will have to be provided from 

existing global resources; basic human physical and psychological needs will not have changed; 

human society will still be part of a complex, dynamic interaction of systems which will include the 

environment) in order to establish a frame within which a ‘risk-to-sustainability assessment’ will be 

carried out. Boyle’s framework is a conceptual and foundational approach, which is promising in 

dealing with the dynamism and complexity embedded in the sustainability concept.  

Adopting a risk approach to sustainability is also justified when the scope and focus of this research, 

i.e. companies and product development teams, is considered. General risk assessment is well 

understood and widely used by companies. If sustainability issues can be framed in line with 

approaches well understood and used by companies, a proactive behaviour can be encouraged in 

companies to address sustainability issues. Therefore, a risk approach to assessing sustainability is 

adopted in this research.       

2.6. SUMMARY OF FINDINGS AND INSIGHTS GATHERED IN THIS CHAPTER 

This chapter investigated the basics of sustainability science and explained how sustainability is 

operationalised in this research. The key findings of and insights gathered in this chapter are: 

 The conceptual priority of sustainable development is sustaining the society and societal 

functions through preservation, (re)generation and equitable distribution of all assets 

supportive for human development;  
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 Sustaining society requires understanding of all interactions and interdependencies taking place 

within society itself and among society, environment and economy. Among the two models of 

sustainability, the strong sustainability model better comprehends the hierarchical and 

irreversible interrelationships between these three components. 

 The environment, economy, society and most of the sub-systems of these components are 

classified as CAS. Therefore, they interact with each other and respond to a change taking place 

in their environment;   

 Sustainability is a system property and not a property of the system components in isolation. 

Therefore, in order to study and to work towards sustainability of a single entity, the system 

within which that entity resides has to be considered with a non-reductionist approach and by 

utilising dynamic systems thinking. In order to achieve sustainability at system level, the 

subsystems must co-evolve; 

 Sustainability is not an absolute goal but rather is a moving target, requirements of which 

continuously change both as a result of changing system conditions and since our understanding 

about the system under the study improves over time. Therefore, our assessment criteria alter 

continuously;  

 Sustainability does not equate to an eternal continuity of the entity under study. If an entity 

persists in nominal behavioural states as long as or longer than its expected natural longevity or 

existence time, it can be accepted as sustainable; 

 In order to establish whether something has persisted in nominal behavioural states as long as 

or longer than its expected natural longevity or existence time, a final assessment on the 

sustainability of that thing can only be made after that time span has passed, i.e. after the fact; 

 In order to be able to assess whether something has persisted in nominal behavioural states as 

long as or longer than its expected natural longevity or existence time or not, i.e. whether it was 

sustainable or not, a long-term orientation is necessary. Long term is not a static, predetermined 

time span but rather is determined in line with the nominal temporal (and also spatial) scales of 

the system component whose sustainability is of concern; 

 Since an entity or a system can be accepted as being sustainable if, at the time of the 

assessment, it is concluded to have persisted in nominal behavioural states as long as or longer 

than its expected natural longevity or existence time, anything which reduces a system’s natural 

longevity will reduce its sustainability; 

 Since sustainability is a dynamic target, it can only be determined after the fact and since 

anything which reduces a system’s natural longevity will reduce its sustainability, probability of 

an event causing the conditions of a system to become non-operational for the system 
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determines how likely the system is to be unsustainable. Therefore, a risk approach to assessing 

sustainability can be useful to identify and mitigate factors reducing system longevity. 
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3. INNOVATION FOR SUSTAINABILITY 

3.1. INTRODUCTION 

Traditionally innovation has mainly been the interest of business and economics literature. In the 

past decade or so, innovation theory has become increasingly interesting for scholars of many 

disciplines dealing with sustainability. Innovation - not only technological but also institutional, 

organisational and social/cultural - is considered to be a crucial element to achieve sustainability. A 

coherent and comprehensive theory specifically dealing with innovation for sustainability is currently 

emerging. This emerging theory explains innovation differently than purely economical and/or 

sociological theories of innovation, merging them under a co-evolutionary and socio-technical 

understanding of innovation to initiate a transformation towards sustainability and, expanding the 

general innovation theory at the same time. This chapter provides a critical review of this emerging 

literature about innovation for sustainability.  

3.2. CONTEXT: A CO-EVOLUTIONARY FRAME 

In innovation studies there are two main schools of thought, one following Schumpeter (1934) and 

the other, Schmookler (1966). The Schumpeterian school accepts that technological change happens 

as a series of shocks or explosions unevenly distributed over time and space. On the other hand, the 

Schmooklerian school argues that innovations respond to demand pressures or changes in factor 

costs within the economy (Freeman, 1992). The former innovation model is referred widely as 

‘technology-push’ or ‘radical’ and the latter is known as ‘demand-pull’ or ‘incremental’ models. Many 

authors accept both of these taxonomic models as valid (see for example, Freeman, 1992; Pavitt, 

1984; Dosi, 1982). 

At the company level, OECD (1997) defines three types of innovation: product innovations (p. 31), 

process innovations (p. 32), and organisational innovations (p. 36). OECD (1997) breaks down 

product innovations into two as technologically new product (i.e. radical innovation) and 

technologically improved product (i.e. incremental innovation) according to the degree of novelty or 

change they bring about.  
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Rennings (2000) criticises the OECD definition as being useful but insufficient for innovation research 

purposes within the context of sustainable development. He argues that the OECD definition does 

not involve explicit reference to environmental and non-environmental innovations separately, even 

though determinants of environmental innovations differ from those of non-environmental ones. 

Klemmer, Lehr and Löbbe (1999) cited in Rennings (2000, p. 322) refer to environmental innovations 

as ‘eco-innovations’ and define them broadly as: 

… all measures of relevant actors (firms, politicians, unions, associations, churches, private 
households) which: 

 develop new ideas, behaviour, products and processes, apply or introduce them 
and 

 which contribute to a reduction of environmental burdens or to ecologically 
specified sustainability targets.  

The importance of making a distinction between environmental and non-environmental innovations 

lies in the peculiarity that regulatory framework is a key determinant for eco-innovations (Rennings, 

2000; Cleff & Rennings, 1999). This argument is supported through empirical evidence provided by 

Green, McMeekin and Irwin (1994), Porter and van der Linde (1995), and Kemp (1997). Rennings 

(2000) and Cleff and Rennings (1999) define this peculiarity as ‘regulatory push/pull’ effect (Figure 6). 

Rennings (2000) states that specific regularity support is needed for eco-innovations since these 

innovations are generally not self-enforcing and factors of technology-push and market-pull alone 

are not strong enough. Rubik (2002) as cited in Rehfeld (2006) adds company specific features as the 

fourth determinant of eco-innovations. 
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Figure 6. Determinants of environmental innovations (Adapted from Rennings (2000), Cleff and 
Rennings (1999) and Rehfeld (2006)) 

Cleff and Rennings (1999) and Rennings (2000) focus on product and process innovations and do not 

cover system innovations in their analysis. In addition, they consider only environmental aspects of 

innovations. However, they place environmental product and process innovations in a socio-technical 

system, in which the interrelations of environment, society and economy influence technological 

innovation. Rennings (2000) defines four types of innovation within the context of eco-innovation: 1) 

technological; 2) organisational; 3) social; and 4) institutional (p. 322). In discussing the hierarchical 

relationship between these types of innovations, Freeman (1992) points out that: 

Successful action depends on a combination of advances in scientific understanding, 
appropriate political programmes, social reforms and other institutional changes, as well as on 
the scale and direction of new investment. Organisational and social innovations would always 
have to accompany any technical innovations and some would have to come first (p. 124). 

Within the general hierarchy mentioned above, technological innovations will influence change in 

institutional and social structures as well as organisational culture and vision and will be influenced 

by these on a mutual and continuous basis as shown in Figure 7. 
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Figure 7. Co-evolutionary innovation model for the industry (Reproduced from Gaziulusoy, Boyle & 

McDowall, 2008) 

Brand (2003) carries out a critical analysis of two main approaches advocated to achieve 

sustainability, which are technology-oriented and behaviour-oriented approaches. Costanza (2000) 

defines these two different approaches as two worldviews:  

The “technological optimist” world view is one in which technological progress is assumed to 
be able to solve all current and future social problems. It is a vision of continued expansion of 
humans and their dominion over nature. This is the “default” vision in our current Western 
society, one that represents continuation of current trends into the indefinite future.  
… 
The “technological skeptic” vision is one that depends much less on technological change and 
more on social and community development. It is not in any sense “anti-technology.” 
However, it does not assume that technological change can solve all problems. In fact, it 
assumes that some technologies may create as many problems as they solve, and that the key 
is to view technology as the servant of larger social goals rather than the driving force (p. 4). 

Brand (2003) criticises the technology-oriented approach as being undemocratic and doomed to be 

unsuccessful in the long run due to inevitable but neglected human interactions which alter 

technologies from their intended original function. He also mentions the associated rebound effects 

and risk potentials of some technologies. His criticism about the behavioural-oriented approach is 

that this approach has a top-down notion in which heroic compromises are expected from 
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individuals of the society. The values underlying these heroic compromises are promoted by different 

‘top’s (such as governments, organisations, company managers/owners, educators, leaders, etc.) 

who might have different biases in line with their own self-interests. Brand (2003) identifies 

approaches which acknowledge this dichotomy to some extent by involving sociological aspects of 

technological change. In his words, technological determinists are those ‘who pay undue attention to 

how the technical realm influences the social realm, … The reciprocal position, which grants too 

much emphasis on how society shapes technology, is known as technological voluntarism (p. 32)’.  

It is also possible to trace a similar dichotomy in different perspectives of general innovation theory. 

In innovation theory, there is a general acceptance of the existence of interrelationships between 

society and technology. Nevertheless, each of the different perspectives focuses on different 

components of the socio-technical system which it accepts as dominating the technological change. 

The approach which considers interactions between different components of the socio-technical 

system in technological change (regardless of on which components of the socio-technical system 

the emphasis is put) is known as the co-evolutionary approach to innovation.  

The co-evolutionary approach to innovation is an overarching theme in general innovation theory. 

Geels (2005a) provides a non-exhaustive but sufficiently detailed overview of approaches to 

technological change in his book. His classification of co-evolutionary approaches to technological 

change is grouped under three main topics: sociological approaches, socio-technical approaches and 

economic approaches. He further elaborates these three approaches as: 

1. Sociological approaches: 

 Social construction of technology; 

 Socio-cognitive approaches; 

 Domestication; 

 Social mechanisms; 

2. Socio-technical approaches: 

 Actor-network theory; 

3. Economic approaches: 

 Technology life-cycle approach; 

 Economic path-dependence perspective; 

 Technological substitution models; 

 Economic substitution approaches, and; 

 Evolutionary economics. 
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He points out that co-evolutionary approaches take into consideration two or three aspects (e.g. co-

evolution of science and technology, co-evolution of technology and culture, co-evolution of 

technology and users, etc.) and a broader study of co-evolution, which is looking at co-evolution at 

socio-technical system level, is lacking. Nevertheless, both technological change in general and 

innovation in a sustainability context in particular require consideration of interlinks between 

institutional, social/cultural, organisational and wider technological levels. Sartorius (2006) states 

that ‘coevolution implies that successful innovation in general and successful sustainable innovation 

in particular, has to acknowledge the involvement of, and mutual interaction between, more than 

the mere technical and economic spheres (p. 274)’. Therefore, to understand the dynamics of 

technological change to plan for and develop sustainable technologies, a co-evolutionary approach 

which acknowledges the interaction between all components of socio-technical system is essential. 

3.3. EXTENT: RADICAL CHANGE 

Freeman (1992) argues that incremental innovation has its limitations, which cannot be overcome by 

experience, learning, organisational and technical improvements. He states that there is a tendency 

for any incremental improvement to asymptote towards economical and/or technical limits. Beyond 

these limits, any additional minor improvement comes with increasing additional cost. Also, at an 

organisational level, radical innovations are argued to be critical for long-term success of firms 

(Christensen, 1997; Hamel, 2000; McDermott & O’Connor, 2002).  

Within the sustainability context, the requirement for dematerialization of production and 

consumption and the needed decreases in greenhouse gas emissions are not likely to happen 

through the current technological path (Schmidt-Bleek, 1994; Rennings, 2000; Jansen, 2003; Ryan, 

2008a). Thompson et al. (2001) as cited in Jansen (2003), point out that the eco-efficiency factor the 

society should achieve in line with growing population and desired welfare level varies from 2 to 50 

depending on assumptions. Jansen (2003) states that achieving these eco-efficiencies will require 

fundamental change at systemic level. He sees eco-efficiency improvements as an essential element 

of sustainability but states that it will not be sufficient in the long run for two reasons. First, because 

eco-efficiency improves only environmental performance and does not address any of the social 

issues which require solving and, second, because eco-efficient growth will reach the earth’s limits 

eventually. But, probably before reaching the earth’s limits, eco-efficiency will reach its own practical 

limits since there cannot be any technology which is 100% efficient. Therefore, besides the 

immensely challenging eco-efficiency improvements, ‘Solutions are needed that break existing trends 

in current development processes (Weaver, Jansen, van Grootveld, van Spiegel & Vergragt, 2000, 
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p.44)’. Also, using current production systems as a starting point carries the risk of providing only 

incremental improvements and delaying or preventing the introduction of new and more sustainable 

systems (Andersson, Eide, Lundqvist & Mattson, 1998). Therefore, what we should aim for is path-

breaking innovation in current technologies, or, as defined by Dosi (1982), a breakthrough shift from 

the current ‘technological paradigm’ towards a new one. This type of radical change is defined as 

system innovation. 

3.4. SCOPE: SYSTEMIC TRANSFORMATION 

The type of radical change, which requires a shift in the technological paradigm, is far more 

challenging than radical innovation at company/product level. Radical innovations at 

company/product level, which are unequally divided over industry sectors and over time as 

discontinuous occurrences, result from systematic research and development endeavours of 

companies and/or research institutions (Freeman & Perez, 1988). This type of innovations can be 

achieved in the existing technological paradigm without major change at the market and/or user 

level. A shift in the technological paradigm, however, requires changes at the system level as a 

prerequisite. Innovation at the system level covers not only product and process innovations but also 

changes in user practices, markets, policy, regulations, culture, infrastructure, lifestyle, and 

management of firms (see, for example, Berkhout, 2002; Kemp & Rotmans, 2005; Sartorius, 2006; 

Geels, 2006) to give way to and support diffusion of those new technologies. Therefore, in 

developing sustainable technologies, the importance of adopting a co-evolutionary understanding of 

innovation is even more significant. In addition, there is a need for a systemic approach which covers 

not only the industrial system (market-user-company) but also, at a higher level, the whole socio-

technical system. In line with the requirement of adopting a systemic approach, the focus of 

innovation and environment studies has tended to shift from company-level processes to wider, 

linked processes at the socio-technical system level within which needs for housing, mobility, food, 

communications, etc. are satisfied (Smith et al., 2005). 

System innovations bring fundamental changes to the entire society, not only on the technical side 

but also on the user side (Geels, 2002a; 2005a). Geels (2005a) defines system innovation as ‘a 

transition from one socio-technical system to another (p. 2)’. Elsewhere, he defines technological 

transitions as ‘major technological transformations in the way societal functions such as 

transportation, communication, housing, feeding, are fulfilled (Geels, 2002a, p. 1257)’ (Even though 

‘societal function’ seems to be the preferred version of the term among system innovation theorists, 
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in this thesis ‘social function’ version is used except in direct quotations since the latter version is the 

preferred term among the product designers/developers).  

Kemp and Rotmans (2005) state that ‘For the purposes of managing change processes to 

sustainability it is useful to use the concept of a transition rather than system innovation’ since it 

brings into focus the new state, the path towards the end state, the transition problems and the wide 

range of internal and external developments which shape the outcome (p. 36). In this thesis, both of 

these terms are used but not interchangeably. The term ‘system innovation’ refers to the general 

and broad body of literature dealing with innovation at system level. The terms ‘transition theory’ or 

‘transition management’, however, refer to a particular research stream which is pioneered by a 

group of EU (mainly the Netherlands) based scholars. The term ‘system innovation’, wherever it is 

used, covers the transition management theory along with other contributions in the theory of 

system innovation. However, the term ‘transition theory/management’ only stands for that 

particular research stream. 

The interest in system innovation, especially in the EU, has increased substantially in the past twenty 

years. This interest is mainly due to the sustainability promise of system innovations (Geels, 2005a). 

The major projects carried out so far as a result of this increasing interest were:  

 The Dutch National Inter-Ministerial Programme for Sustainable Technology Development (STD) 

which took place between 1993 and 2001 (Weaver et al., 2000);  

 EU funded Strategies towards the Sustainable Household (SusHouse) Project which took place 

between 1998 and 2000 (Vergragt, 2000);  

 Industrial Transformation Project of International Human Dimensions Programme on Global 

Environmental Change (Vellinga & Herb, 1999); 

 Our Common Journey Project by the US National Research Council, Board on Sustainable 

Development (National Research Council, 1999); 

 The Great Transition (GT) Initiative by Tellus Institute (Raskin et al., 2006), and; 

 EU funded Sustainable Consumption Research Exchanges (SCORE) Network Project which took 

place between 2005 and 2008 (Tukker et al., 2008). 

As a result of this increasing interest, the system innovation theory is rapidly developing, very vibrant 

and continuously evolving. The Dutch Knowledge Network for System Innovations and Transitions is 

comprised of 80 researchers from several universities and research institutions (KSI, 2009). Currently 

32 of the researchers are PhD students who are expected to graduate in 2010 (E. Kamphorst, 

personal communication, July 07, 2009).  
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Even though the interest in system innovation for sustainability started in the early 1990s and the 

theoretical development is rapid in this area, a systematic theory on system innovations in general 

and how to use this theory to influence socio-technical transformations towards sustainability in 

particular are currently emerging areas and the research is not consolidated. An up-to-date outline 

and a critical analysis of the theory of system innovation are provided in the following two sections. 

3.5. THEORY OF SYSTEM INNOVATION – AN OVERVIEW 

As part of the review of literature relevant to this research, one fast growing body of research on 

system innovation has been identified. This body of research has an understanding of the complexity 

embedded in the socio-technical system and is based on co-evolutionary theories of innovation. In a 

recent review, Andersen (2008) identifies this body of research as two interrelated, yet somehow 

separate and relatively mature, transition policy frameworks, i.e. transition management (developed 

mainly by Loorbach (2007; 2010)) and socio-technical regime transformation (developed mainly by 

Geels (2005a)). Exploring the theory of system innovation here is part of establishing a theoretical 

background to this research. Explaining, expanding and clarifying these frameworks are only done to 

the extent required for, and in line with, the objective of this research. Therefore, a detailed review is 

not given here but, rather, fundamental concepts and models of these frameworks are explained. 

Readers who would like to obtain more detail about these frameworks are referred to the resources 

cited in this section.        

As a means to understanding how system innovation occurs, a group of scholars developed the 

multi-level perspective of system innovation (MLP) building on evolutionary innovation theory (e.g., 

Kemp, 1994; Van den Ende & Kemp, 1999; Kemp, Rip & Schot, 2001). Following the early 

development of the model, MLP was refined and clarified by Geels (2005a, 2005b) and by Geels and 

Schot (2007). Figure 8 shows the latest version of the MLP model. MLP model portrays the dynamic 

nature of system innovation through a layered structure. There are three levels of the MLP model; 

socio-technical landscape, socio-technical regime and niche innovations.  
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Figure 8. A dynamic multi-level perspective on system innovations (Reproduced from Geels, 2002a, p. 
1263; 2005b, p.685; Geels & Schot, 2007, p. 401) 

In this layered model, the central focus is at the middle where the socio-technical regime resides. 

Socio-technical regimes are formed by dynamically interacting components (i.e. technologies, user 

practices, markets, regulations, culture and infrastructure) which should be considered altogether 

when investigating and planning for innovation at system level (Geels, 2006). Socio-technical 

landscapes, i.e. the uppermost level in the MLP model, represent deep structural trends and the 

context influencing the whole of the society (Geels, 2005a). Landscapes are beyond the direct 

influence of components of the socio-technical regime and cannot be changed at will (Geels, 2005b). 

The lowermost level is formed by the niches. Radical innovation emerges from the niche level (Geels, 

2005a; 2005b). All these three levels constitute the socio-technical system.  

 

Another important concept in understanding the MLP model in particular and in studying system 

innovations in general is agency. Agency is the ability to act and influence change over the course of 

events (Giddens, 1984). In the context of socio-technical system transformation and from a co-

evolutionary innovation perspective agency is the ability to intervene and change the balance of 
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pressures influencing selection of technologies or of the adaptive capacity of the system or system 

components (Smith et al., 2005). A component of the socio-technical system with agency is referred 

to as an actor.   

MLP model explains how change takes place in the socio-technical system based on the structuration 

theory of Giddens (1984). According to the MLP model, the stability increases and rate of change 

decreases towards upper levels of the socio-technical system, but the depth and influence of change 

increases towards lower levels. Nevertheless the change does not happen in a linear fashion and, as 

Geels (2005a) states, the relationship between the three levels is similar to a nested hierarchy. The 

layers have internal dynamics and influence changes at other levels. Geels (2005a) explains these 

internal dynamics: 

First, novelties emerge in technological and/or market niches. Niches are crucial for system 

innovation, since they provide the seeds of change. The emergence of niches is strongly 

influenced by existing regimes and landscape, … *T+he influence from the regimes on niches is 

stronger and more direct than the influences from landscapes, which is more diffuse and 

indirect (p. 83). 

The niches are loosely structured and there is much less co-ordination among actors than there is 

among the regime actors. The regimes are more structured than niches and the rules of the regimes 

have co-ordinating effects on actors through a strong guidance of the activities of the actors. 

Landscapes are even more structured than regimes and are more difficult to change (Geels, 2005a). 

Nevertheless, as Figure 8 suggests, landscapes influence change both on niches and regimes; in 

return, niches (may) change the regimes and the new regime changes the landscape in the longer 

term. The socio-technical landscape in this model is relatively static, stands for the external context 

and represents the physical, technical and material setting supporting the society, and cannot be 

changed by the actors in the short term (Geels & Schot, 2007). Landscapes are constituted by rapid 

external shocks, long-term changes and factors that do not change or change only very slowly (Van 

Driel & Schot, 2005). 

Kemp et al. (2001) identify three strategies for changing regimes. The first strategy is promoted by 

economists and calls for changing the structure of incentives and allowing market forces to function. 

This strategy is problematic especially when used in relation to environmental improvements. In 

order for policies targeting functioning of market forces to have an impact, these policies have to be 

drastic. In addition, the use of economic incentives may lead to windfall profits for manufacturers 

and dead weight losses for consumers temporarily. Another problem with this strategy is that the 
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taxes and subsidies need to be supported by corrective measures so that there will be some sort of 

control on possible harmful effects of alternative technologies which are favoured by the tax regime.  

The second strategy Kemp et al. (2001) identify is ‘to plan for the creation and building of a new 

sociotechnical system based on an alternative set of technologies, in the same fashion as decision 

makers have planned for large infrastructure works, like coastal defence systems or railway systems 

(p. 279)’. This approach is also problematic since, as a result of the co-evolutionary dynamics 

between technologies and social systems, planning a completely new technological system is not 

possible. The final strategy they identify is to ‘build on the ongoing dynamics of sociotechnical 

change and to exert pressures so as to modulate the dynamics of sociotechnical change into 

desirable directions. For this strategy, the task for policy makers is to make sure that the coevolution 

of supply and demand produces desirable outcomes, both in the short run and in the longer term (p. 

280)’. Kemp et al. (2001) prefer this third strategy since it appears to be the only feasible one in 

contemporary society. In order to manage transitions through this strategy, the lowest level of MLP 

model, i.e. the niches level, plays an important role since niches are where radical innovations 

emerge (Geels, 2002a). The niches consist of promising technologies and they have to be protected 

in order to enable them to develop from an idea or a prototype to a technology which is actually 

used. This process is defined as Strategic Niche Management (SNM) by Kemp et al. (2001). 

SNM is very important from a governance perspective and there is a wide and mature literature 

available (e.g. Kemp, Schot & Hoogma, 1998; Hegger, Van Vliet & Van Vliet, 2007; Caniëls & Romijn, 

2008). In this research, however, the relevance of SNM lies in the selection criteria of technologies to 

be developed. This research is not about the governance of transitions towards sustainability from a 

policy development perspective but it is related to involvement of individual companies as actors 

who have limited agency in selection, but high agency in creation and physical development of the 

niches. Therefore, this research does not focus on details of articulation of pressures on the regimes 

for selection of desirable niches. It focuses on the anticipation and development of desirable niches 

by companies. 

3.6. TYPOLOGIES OF SYSTEMIC CHANGE 

Typologies of systemic change complement the theory of system innovation. These typologies 

provide theoretical insights about different possible ways socio-technical regimes can change. There 

are three typologies proposed so far.  
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3.6.1. BERKHOUT-SMITH-STIRLING TYPOLOGY 

The first typology is proposed by Berkhout, Smith and Sterling (2004) and Smith et al. (2005). They 

argue that regime change is a function of two processes. The first of these processes is shifting the 

selection pressures which bear on the regime. The second process is the co-ordination of resources 

available inside and outside the regime to adapt to the pressures on the regime. Based on these 

processes, transition contexts can be mapped according to: 

 whether change is deliberate (envisaged and co-ordinated) or emergent (outcome of normal 

behaviour of regime agents), and; 

 whether the resources needed to respond to selection pressures are available within the regime 

or outside the regime.  

These two dimensions are used to identify four types of transition (Figure 9). These four types 

represent ideal types and they may all play out operationally at different levels of aggregation, 

covering not only the niche level but also the regime level. 

 
Figure 9. Berkhout-Smith-Stirling typology of transitions (Reproduced from Berkhout et al. (2004) and 
Smith et al. (2005)) 

Summarising from Berkhout et al. (2004) and Smith et al. (2005): 

 In endogenous renewal, regime actors make conscious efforts to respond to the perceived 

competitive threats to a regime. There is high co-ordination among the actors and the resources 

originate within the regime. Since the innovative activity is shaped from within the regime itself, 

the transformation is likely to be incremental and path following. In hindsight, the 
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transformation may seem to be radical but this will happen through the alignment of small 

changes; 

 Reorientation of trajectories applies to regimes where there is high level of interconnectedness 

but low co-ordination among the actors. In this type of transition, the regime changing 

trajectories may be radically altered due to some sort of shock, either internal or external to the 

regime. But the response to this shock is formed within the regime. In this type of transition, the 

co-evolutionary developments are highly unpredictable; 

 In emergent transition, the co-ordination is low and resources needed are outside the regime. 

This type of transition creates new pervasive technologies. The co-evolutionary patterns can be 

observed but which of the alternative technologies will have a chance to diffuse is highly 

unpredictable since there is no preference. The change in emergent transition is autonomous;  

 Similar to emergent transitions, the resources are outside the regime in purposive transitions 

but, contrary to emergent transitions, there is high co-ordination. In this type of transitions, the 

change is deliberately intended and pursued from the outset, reflecting explicit societal-level 

expectations and vision. 

3.6.2. GEELS AND SCHOT TYPOLOGY 

Geels and Schot (2007) develop a transition typology with references to MLP model and based on the 

Suarez and Olivia’s (2005) typology on organisational transformation due to environmental change. 

Suarez and Olivia (2005) define five different organisational transformation types in line with five 

different types of environmental change (Table 1). They use the term ‘environment’ to indicate the 

contextual forces surrounding the firm (i.e. firm environment) as used in management literature.  

Table 1. The organisational transformation typology of Suarez and Olivia (2005) 

Frequency  Amplitude Speed Scope Environmental Change 

Low Low Low Low Regular 
High Low High Low Hyperturbulence 
Low High High Low Specific Shock 
Low High Low Low Disruptive 
Low High High High Avalanche 

 

Geels and Schot (2007) adapt the above typology to identify four transition pathways based on 

different multi-level dynamics. They exclude hyperturbulence since ‘Such high-frequency changes 

may occur in markets, but are unlikely for landscape dynamics (p. 404)’. Geels and Schot’s (2007) 

typology is based on the combination of two criteria: timing of interactions and nature of 

interactions. They argue that the transition pathways will be different depending on the maturation 
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level of niche innovations at the time when the landscape pressure appears. The interactions of the 

niches and the landscape developments with the regime may have reinforcing or disruptive effects 

on the regime. If the landscape developments have reinforcing effects on the regime there will not 

be drivers for transition but the regime will move towards stabilisation. Only if the landscape 

developments put pressure on the regime, will there be an impulse to change in the regime. 

Similarly, niche innovations may either be competing with the regime to replace it or may have a 

symbiotic relationship if they can be adopted to solve problems in the existing regime. A summary of 

Geels and Shot’s (2007) typology for transitions is given in Table 2.      

Table 2. Geels and Shot (2007) typology of transitions 

Type of 
Transition 

Type of 
Landscape 
Pressure  

Niche 
Maturation 

Interaction 
with the 
Regime 

Result 

Transformation Disruptive 
Not fully 
developed 

N/A 

Existing regime modifies the 
direction of development paths 
and innovation activities and 
eventually transforms. The new 
regime grows out of the old one 
but the basic architecture of the 
regime does not substantially 
change. 

De-alignment/  
re-alignment 

Avalanche 
Not fully 
developed 

N/A 

De-alignment of regime due to 
landscape pressures and 
competing niche innovations in 
the beginning, re-alignment of 
regime after dominance and 
success of one niche innovation.  

Technological 
substitution 

Shock  
Avalanche 
Disruptive 

Fully 
developed 

Competing 
Niche innovations breakthrough 
and replace the existing regime. 

Reconfiguration Regular 
Fully 
developed 

Symbiotic 

Niches are initially adopted by 
the regime to solve local 
problems. They subsequently 
trigger further adjustments. The 
new regime grows out of the old 
one but the basic architecture of 
the regime substantially changes.  

3.6.3. ROTMANS AND DE HAAN TYPOLOGY 

Rotmans (2005) bases his typology on five different types of transformation processes identified by 

Boulding (1970) (as cited in Rotmans, 2005) and the typology developed by Berkhout et al. (2004) 

and Smith et al. (2005). The five processes identified by Boulding (1970) are accidental, deterministic, 

evolutionary, dialectic and teleological (target-oriented) (as cited in Rotmans, 2005). Rotmans’ (2005) 
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typology has three dimensions depending on whether the transition is teleological or emergent, the 

degree of co-ordination and the level of aggregation. These three dimensions result in identification 

of eight types of transitions as shown in Figure 10.  

 
Figure 10. Rotmans (2005) typology of transitions 

Another typology for transitions is proposed by De Haan and Rotmans (2007). De Haan and Rotmans’ 

typology is an articulation of Rotmans’ typology rather than a stand-alone one. This typology rises 

from the Pillar Theory of transitions which is currently being developed by De Haan and Rotmans 

(2007). According to the Pillar Theory, societal transitions can be modelled through three pillars: ‘The 

first, conditions, deals with the state of the societal system and the conditions for transitional 

change. The second pillar, patterns, describes the mechanisms of transitional change. The third pillar, 

paths, concerns the manifestations of transitional change (De Haan & Rotmans, 2007, p. 3)’. The 

conditions for change come from tensions between functioning of the regime and its environment, 

stress within the functioning of the regime and the pressure exerted by the present or emerging 

niche-regimes. The patterns are mechanisms explaining the emergence of niche-regimes and 

adaptation of the societal system to the presence of these emergences. The transition paths, or 

typologies, are modelled using conditions and patterns. The Rotmans and De Haan (De Haan & 

Rotmans, 2007) typology adopts the landscape, regime and niche concepts of MLP model and names 

these as macro, meso, and micro respectively. The resulting typology is given in Table 3.  
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 Table 3. De Haan and Rotmans typology (De Haan & Rotmans, 2007) 

Micro to meso 
paths 

Path Functional Change New System Make Up 

Proper Complete 
New regime, with 
incorporated functioning of 
niche-regime 

Smothered 
Partial-leaning to old regime 
functioning 

Co-functioning of niche-
regime and regime 

Imperfect 
Partial-leaning to new regime 
functioning 

Co-functioning of niche-
regime and regime 

Backlash None Old regime 

Meso to meso 
paths 

Path Adaptation Influence 

Emergent 
Little co-evolution. Gradual replacing of functioning from 
incumbent regime to new regime out of niche-regime 

Teleological 
Much co-evolution. Reformation of regime with niche-
regime functioning 

Lock-in Much niche absorption and early co-evolution 

Macro to meso 
paths 

Path Adaptation Origin of functioning 

Radical reform  Active Internal practice 

Imposed 
transition 

Active External practice 

Revolution None Niche, possibly exogenous 

System 
breakdown 

None - 

 The differences in these three typologies cited above rise from the different perspectives and 

research interests of the researchers who have developed them. For example, the core interest of 

Geels and others is explaining how major technological change happens in a co-evolutionary and 

multi-level context. On the other hand, Berkhout and others are interested in governance of socio-

technical transitions. Rotmans and De Haan are interested in societal innovation in its broadest 

sense, covering, but not limited to and definitely not focusing on, technological change. Their 

typology is more detailed than of Geels and Schot’s typology. This is first because Rotmans and De 

Haan’s primary aim in theory development is to develop computer models and simulations of 

transitions in order to manage and steer system innovations towards sustainable development. Such 

modelling requires in depth analysis of dynamics in the societal system. Second, Geels and Schot 

typology is centred around major technological change and the historical cases Geels have used to 

develop his theory (see Geels, 2002b; 2005a) were not purposive/teleological, contrary to transitions 

which are currently being planned and aiming towards sustainability. Third, Geels and Schot typology 

focuses on technological transformation, and therefore, it remains blind to broader societal-level 

transformations which will inevitably have an impact on the technological system. These broader 

societal-level patterns are explicitly given in De Haan and Rotmans typology as macro-to-meso paths.   
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The underlying politics of systemic change models also influence the typologies proposed. It is 

implicit that the MLP and related typology (Geels & Shot, 2007) is designed with a democratic and 

pluralistic societal context assumption in which power is distributed and thus transitions purposive 

from the outset are not possible. Loorbach and Rotmans (2006) share a similar stance, indicating that 

transitions cannot be managed in terms of command and control, yet the pace and direction can be 

influenced, adjusted and steered. Geels and Schot (2007) criticise the Berkhout-Smith-Stirling 

typology, stating that transitions cannot be planned at the outset due to the complexity of the socio-

technical system. It is understood that Berkhout and others, in defining purposive transition, do not 

strictly imply a command-and-control model in the classical sense but possibly cover it as well as the 

more democratic guiding-steering model. In this regard, the Berkhout-Smith-Stirling typology is more 

generic than the Geels and Schot typology. The latter looks through a Euro-centric filter in insisting 

on the impossibility of planning a transition at the outset. However, a guiding-steering model may 

not be applicable in certain cultural contexts which are traditionally highly hierarchical and which 

require continuous top-down interventions to initiate, manage and finalise transformations. Also, in 

the guiding-steering model, even though the outcome targeted at the start cannot be fully achieved 

at the end of the transformation, having a concrete vision will help the steering of the process. 

Therefore, purposive type transitions in the Berkhout-Smith-Stirling typology are similar to 

teleological type transitions in the Rotmans and De Haan typology. 

Despite the insights these typologies provide regarding how system innovation can happen, for two 

reasons neither will be used in this research. First, all of these typologies remain as theoretical 

models. Since transitions to sustainability have not taken place yet, which one of these typologies 

hold the most merit is not known. They are useful to speculate about how possible future transitions 

might happen but neither of them has been proven to be a reliable model to steer system 

innovation. Second, as they are these typologies explain the change mechanisms relevant for macro-

level (i.e. the entire socio-technical systems) but do not provide any insights on the mechanisms 

relevant for changes in micro-level (i.e. companies and product development). Therefore, these 

typologies are not found useful in line with the objective of this research.     

3.7. INTRODUCING PRODUCT DEVELOPMENT PERSPECTIVE: LEVELS OF 

INNOVATION FOR SUSTAINABILITY   

Brezet (1997) defined four levels of innovation for sustainability. The first level is product 

improvement. Product improvements are focused on reducing environmental impacts for existing 

products. The second level is product redesign. In product redesign, product concept remains almost 
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intact but either the product or its components are further developed or replaced. The third level is 

function innovation. At this level, the innovation is not limited to existing product concepts but 

related to how the function is achieved. The fourth and final level of innovation defined by Brezet 

(1997) is system innovation. At this level, the whole technology system is replaced by a new system. 

Halila and Hörte (2006) criticised the four-level typology of Brezet (1997) and defined a six level 

typology to improve the understanding of eco-innovations. They based their new classification on 

three criteria; a) the degree of creativity and the kind of knowledge on which the innovation was 

based; b) the extent of the innovation (product component, product itself, function within a system 

or the complete system) and c) the expected environmental effect. The six classes they proposed 

were product care, minor product improvement, major product improvement, functional innovation, 

system innovation and scientific breakthrough. This new classification brings clarity to the levels 

proposed by Brezet (1997) by enabling differentiation between minor and major innovations at 

product redesign level and articulating the difference between function innovation and system 

innovation. Nevertheless, even though useful for analysis purposes, this new classification does not 

propose anything novel in explaining the conditions of system innovation. The sixth level, which is 

scientific breakthrough, is not an appropriate category for classification of technological innovations. 

Scientific breakthroughs are very important in enabling system innovation through broadening the 

knowledge base of basic science; however, they are neither a level nor a class of technological 

innovation. Therefore, the four-level typology of Brezet (1997) is used in this research while 

acknowledging Halila and Hörte’s (2006) clarification with the exception of the sixth class they 

proposed (Figure 11). 
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Figure 11. Levels of innovation for sustainability (based on Brezet (1997) and Halila and Hörte (2006)) 

In the typology of Brezet (1997), the first and second levels (which correspond to the first three levels 

of Halila and Hörte (2006) typology) are where most of the efforts are focused at the moment, driven 

mainly by the regulatory push/push mechanisms. These first two levels have a product focus and are 

performed within the realm of established technologies and social uptake of established 

technologies. The third level, function innovation, generally constitutes a transition between product 

focus and system focus. In function innovation, the social function of products or technologies is of 

concern and questioned. Currently, certain PSS applications fall into this category. Some PSS are 

developed and implemented by a single company, such as Interface Ltd. leasing carpets instead of 

selling them and replacing and recycling the old carpet into new carpets (Anderson, 1997). Some 

other PSS solutions require collaboration of several stakeholders, such as councils, NGOs, and in 

some cases, private companies. Some examples of multi-stakeholder PSS related to urban mobility 

solutions can be found in Keskin, Brezet, Börekci and Diehl (2008).  

The theory of system innovation has been discussed in detail under Section 3.5. Some historical 

examples of system innovation are the transition from sailing ships to steam ships, the transition 

from horse-and-carriage to automobiles, and the transition from piston engine aircrafts to jetliners in 

American aviation (Geels, 2002a, 2002b, 2005a). Much more profound examples of system 

innovation are agricultural revolution and industrial revolution, both of which fundamentally 

changed how the society operates. The society is currently experiencing another profound system 
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innovation determined by the rapid development and diffusion of information and communication 

technologies.  

There is a depth of theoretical details explaining, an abundance of examples exemplifying and several 

operational tools operationalising the first three levels mentioned in Brezet’s typology (i.e. product 

improvement, product re-design and function innovation) in the design/engineering literature (e.g., 

Design for Sustainability: A Step by Step Approach recently published by UNEP, see Crul, Diehl and 

Ryan, 2009). However, neither a theory nor operational tools were found during the review of 

literature articulating how system innovation can be addressed at product development level in 

companies. In the duration of this research, several personal communications were held with 

designers and engineers, who either actively design/develop products (i.e. who are practising 

designers/engineers), or, who develop theory in the joint area of sustainability and product 

development (i.e. who are researchers in design/engineering disciplines). These communications 

indicated that the theory and concepts of system innovation were found to be complex and not 

useful by those who design and develop products. The lack of theory and operational tools linking 

product development level to broader system level innovation for sustainability highlighted a need 

for development of a theory, and, conceptual and operational models.      

3.8. SUMMARY OF FINDINGS AND INSIGHTS GATHERED IN THIS CHAPTER 

This chapter reported a critical review of the theoretical ground dealing with innovation for 

sustainability.  Below is the summary of key findings and insights reported in this chapter: 

 To understand dynamics of technological change and to plan for and develop sustainable 

technologies, a co-evolutionary approach which acknowledges the interaction between all 

components of socio-technical system is essential. Innovation aiming to achieve sustainability 

should be systemic, co-evolutionary and radical; 

 Achieving sustainability will require radical innovations at technological level which are 

influenced by other types of innovations at institutional/social and organisational level; 

 A shift in the technological paradigm requires changes at system level as a prerequisite. 

Innovation at system level covers not only product and process innovations but also changes in 

user practices, markets, policy, regulations, culture, infrastructure, lifestyle, and management of 

firms. Therefore, it calls for societal transformation; 

 The MLP model is useful to understand how system innovations happen with a broad and 

dynamic perspective since the model is developed as a synthesis of different approaches in 

innovation theory emphasising on different drivers and/or agents of change; 
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 So far three main typologies of systemic change are developed:  Geels and Schot typology (Geels 

& Shot, 2007), Berkhout-Smith-Stirling typology (Berkhout et al., 2004; Smith et al., 2005) and 

De Haan and Rotmans typology (Rotmans, 2005; De Haan & Rotmans, 2007). Despite the 

theoretical merits of these three typologies in explaining the mechanisms of macro-level 

change, neither of them was found useful for the purposes of this research since the focus of 

this research is micro-level change; 

 From the perspective of product development, there are mainly four levels of innovation for 

sustainability: product improvement, product-redesign, function innovation and system 

innovation. Even though there is a depth of theoretical details, an abundance of examples and 

several operational tools which apply to the first three of these levels, neither a theory nor 

operational tools were found during the review of literature which articulated how system 

innovation can be addressed at product development level in companies. This highlighted a 

need for development of a theory, and, conceptual and operational models.     
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4. FUTURES STUDIES, SUSTAINABILITY AND SYSTEM 

INNOVATION 

4.1. INTRODUCTION 

The systemic transformation will occur through replacement of old technologies with new ones and 

diffusion of these new technologies within the socio-technical system (Geels, 2005b). During this 

transformation, institutional, socio-cultural and organisational change will accompany technological 

change. Therefore, one of the issues needing to be addressed in system innovation is how to link 

highly structured and the ‘known’ present to the uncertainty inherent of the long-term future (Figure 

12), considering the extent of change needed and the fact that technology development is a 

cumulative process (Gaziulusoy & Boyle, 2008). 

 
Figure 12. The problem of linking present and future in system innovation 

It was stated previously that transitions of complex systems cannot be managed through command 

and control but can only be influenced and steered with a long-term approach in planning. In order 

to steer transitions, there is a need for articulating guiding concepts, normative expectations and 

preferences; i.e. developing future visions. Wiek, Binder and Scholz (2006) distinguish three types of 

knowledge which need to be generated for managing transitions. These are system knowledge, 

target knowledge and transformation knowledge. System knowledge provides information on the 
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system components relevant to the transition while transformation knowledge is about how to 

realise the transition from the current state to the target state. The target knowledge equates to the 

future visions developed by articulating guiding concepts, normative expectations and preferences.   

Future visions play a number of important functions in planning for and managing system 

innovations. Among these important functions are mapping a possibility space, establishing a 

heuristic and a stable frame for setting targets and monitoring progress, specifying relevant actors 

and network(s) of actors and directing investment (Smith et al., 2005). Future visions developed in 

the context of system innovation have three distinctive characteristics. These are ‘objectives, the 

qualitative or quantitative expression of novel future outcomes; orders, a set of social and 

institutional relationships in which these objectives can be met; and technologies, the means for 

achieving objectives’ (Berkhout, 2006, p. 302). 

Berkhout (2006) makes a distinction between private and collective future expectations. He states 

that private expectations are not likely to be socially significant yet even the collective expectations 

may be insufficient in aligning behaviour and motivating action. In order to achieve sustainability, 

creation of visions which will be engaging for all relevant actors of the socio-technical systems is 

required. Loorbach (2007) states that the visions and images, which will be used for managing 

transitions, should represent a shared definition of sustainability in a specific societal system. 

Therefore, a participatory approach to developing these visions has been advocated and used in 

several projects related to system innovation (e.g. Vergragt, 2000; Partidario, 2002; Loorbach, 2007). 

Quist (2007) argues that instead of taking the need for participation for granted, a more effective 

approach may be to consider the different purposes, degrees, types and time-frames of participation 

and plan for these in line with the characteristics of the project in hand.  

Future visions which will be used in system innovation projects, therefore, are images of desirable as 

well as possible futures; desirable in terms of sustainability and possible in terms of the dynamics of 

the socio-technical system. These visions should be developed using a participatory approach 

appropriate for the project in hand.  

Creating and pursuing future visions require using methods of futures inquiry. There are a multiplicity 

of different methods used to inquire into the future for several different purposes (for good reviews 

see Porter et al., 2004; Inayatullah, 2005; List 2005; Institute for Alternative Futures, 2008). The focus 

in this research is on scenarios. Scenario development is the most appropriate futures inquiry tool to 

achieve the objective this research since it is a generic tool applicable to all levels of the socio-
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technical system subject to this research (i.e. society, company and product development) and to all 

purposes relevant to this research (i.e. societal transformation, strategy development and product 

development). For scenarios in relation to system innovation for sustainability at societal level the 

reader is referred to Gallopin and Raskin (1998), Vergragt (2000), Elzen, Geels and Hofman (2002), 

Partidario (2002), Swart, Raskin and Robinson (2004), McDowall and Eames (2006), Sondeijker, 

Geurts, Rotmans and Tukker (2006), Wiek et al. (2006), IPCC (2007) and Gaziulusoy and Boyle (2008). 

For scenarios for strategy development at organisational level the reader is referred to Bradfield, 

Wright, Burt, Cairns and Van Der Heijden (2005), Van der Heijden (2005), Korte and Chermack (2007), 

Pillkhan (2008) and Shell International (2005; 2008). For scenarios for product development at 

operational level the reader is referred to Hasdoğan (1997), Saul (2002) and Salamanca (2005).  

In inquiring into the future, visions and scenarios are complementary to each other. Bezold (2005) 

states that scenarios are ‘futures for the head’ while visions are ‘futures for the heart’ in a way to 

imply that for a coherent outcome both need to be used in conjunction with each other. The 

relationship between future visions and scenarios in the context of system innovation can be 

explained by referring back to the three types of knowledge required to be generated to achieve 

system innovation for sustainability (Wiek et al., 2006); while future visions equate to the target 

knowledge, the transformation knowledge is generated by developing scenarios which articulate 

how to reach that envisioned target state.  

Future inquiry methods including visioning and scenario development are studied under an 

interdiscipline called futures studies. This chapter initially provides an overview of the literature on 

futures studies and scenario development as a background. This is followed by an in-depth review of 

literature investigating CAS in the context of futures studies. Then a review of futures studies 

literature specifically about system innovation for sustainability is given. Finally, major previous 

projects which used futures inquiry methods to plan for and manage system innovation for 

sustainability are critically analysed.  

4.2. FUTURES STUDIES 

4.2.1. AN OVERVIEW 

Humans have been interested in the future since pre-historic times and tried to know, understand 

and control what is going to happen with the aims of surviving, acquiring and/or sustaining power, 

making strategic decisions and so on. There are three main phases in human inquiry into the future: 
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the pre-scientific phase, the (quantitative) forecasting phase and the alternative futures thinking 

phase (List, 2005).  

In the pre-scientific phase, the main attempts used to understand the future were astrology and 

prophecy; people used biological cycles, beliefs in destiny and chance to deal with their fatalistic 

perception of the future (Inayatullah, 2005; List, 2005). In the nineteenth century, the pre-scientific 

phase ended and, until the mid-twentieth century, quantitative forecasting (or similar extrapolation 

methods) became the sole acceptable approach to predicting the future (for a detailed historical 

account of forecasting see List, 2005, pp. 14-18). Forecasting, even though a very useful method for 

certain purposes and short time periods, proved to give inaccurate results. Some detailed accounts 

of forecasting errors can be found in Wise (1976), Moyer (1984), Collopy and Armstrong (1992) and 

Armstrong (2001). The major reasons for inaccuracies in forecasting are (List, 2005):  

 For forecasting to predict values and probabilities, variables must have already been identified. 

These variables may not be relevant anymore, their meaning may change in time or new 

variables may come into play; 

 Forecasts are extrapolations of the present with the assumption that the future will be an 

extension of present. Therefore, forecasts cannot inform about discontinuities or emergent 

factors. The  illusionary overconfidence about having control over the future may result in the 

collapse of an entity which relied on forecasts in decision making about future, and; 

 Forecasts do not have any objective basis to predict the future of entities where human choice is 

a main determining factor. 

There are three types of reactions to future: passivity, adaptation and voluntarism (Godet, 1983, as 

cited in List, 2005). Current thinking is representative of voluntarism which is about creating one’s 

future (List, 2005). This type of reaction marks the start of the alternative futures movement in the 

field of futures studies in the mid-twentieth century. Alternative futures thinking is based on the idea 

that there is no single possible future but multiple possibilities and creation of a desired future is 

embedded in present choices and decisions (Slaughter, 2005). Therefore, alternative futures thinking 

is about understanding the possible, probable and plausible futures and selecting preferable one(s) 

to act upon and to create (Bell, 2005). The transformational quality of alternative futures thinking is 

especially important now since the society and the environment are facing unprecedented change 

and continuation of current trends poses extreme risks to the sustainability (Bell, 2005; Inayatullah, 

2008). 
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The differentiation between possible, probable and preferable futures was first made by Amara 

(1981) to categorise different roles of futurists and different methods used in relation to these roles. 

According to him, possible futures answer the question of what can happen and aims to conceive 

and describe possible paths. This arm of futures studies is image driven and visionary. The probable 

futures answer the question of what may happen and examines particular paths in details. This arm 

is analytically driven and exploratory. The third arm, i.e. preferable futures, is value driven and 

normative and tries to answer the question of what should happen.  

 
Figure 13. The futures triangle (adapted from Inayatullah, 2008) 

Inayatullah (2008) identifies three forces in play to affect our understanding of future today (Figure 

13). In this triangle, the images of the future pull and current trends push us forward. The weights of 

the past constitute barriers to change. Identification of plausible futures requires analysis of these 

forces and the implications of their interaction. He defines six pillars to futures studies which relate 

to methods and tools of futures studies. These are mapping the past, present and future (using the 

futures triangle), anticipation, timing, deepening, creating alternatives and finally transforming. 

Mapping the past, present and future gives us hindsight, insight and foresight and enables us to 

position ourselves in a broader context of external influences and generate a vision of our desired 

future. Anticipation is about identifying the emerging issues and possible outcomes of probable 

happenings. Timing relates to grand patterns of history and identification of models of change. 

Deepening is for generating more elaborate insights about the dynamics or causes of change since 

there are multiple influences affecting future events and different perspectives on the core causes. 

Creating alternative futures is the fifth pillar. This is mainly done through scenarios. Finally, the sixth 

pillar, transforming, requires alternatives to be narrowed down to one or more preferable ones. The 

preferable future(s) can result from scenarios but can also be identified through certain visioning 

techniques. 
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List (2005) classifies futures methods under four main groups; methods of exhaustive comparison 

(e.g. morphological analysis), methods of sequential projection (e.g. backcasting), methods of mental 

imagery (e.g. visioning), and methods of increased understanding (e.g. causal layered analysis). He 

states that ‘scenario’ as a term can be used in multiple senses and reports that a large proportion of 

scenarios in academic literature are outcomes of numerical forecasting. However, he restricts his 

definition of scenarios to the broader, narrative sense of multiple futures in line with his research 

interest, i.e. developing a social inquiry method based on scenarios. Therefore, he refers to scenarios 

under methods of mental imagery. Inayatullah (2005, 2008) defines scenarios as the par excellence 

tool of futures studies and uses the term in the same sense List (2005) does. Use of the term scenario 

in this sense is typical of alternative futures thinking. In alternative futures thinking, scenarios are 

useful because ‘they give us distance from the present, allowing the present to become remarkable 

or problematic. Thus, they “open up” the present and allow the creation of alternative futures 

(Inayatullah, 2005)’. 

Bishop, Hines and Collins (2007) count forecasting among the scenario techniques and refer to the 

confusion about the term ‘scenario’ in theory and in practice:  

A more subtle confusion is equating the term “scenario” with “alternative future.” In other 
words, all descriptions of alternative futures are deemed to be scenarios. A more narrow 
definition of scenario would focus only on stories about alternative futures. With this narrow 
definition, other forecasting methods might produce alternative futures, but not scenarios. In 
practice, however, the broader definition of scenario as alternative future, whether they are in 
story form or not, has prevailed. Thus, the complete collection of methods for scenario 
development includes almost all forecasting methods since they also produce alternative 
futures. In fact, very little is said about the actual creation of the stories in most methods. 
More attention is paid to generating the scenario kernel or logic, which can be done by any 
number of methods. We decided that it does not make sense to fight the battle for a narrower 
definition, and thus our list of methods is based on current practice and includes the 
incorporation of forecasting methods whether or not they produce a story (p. 6).  

Different uses of the term scenario are relevant to research dealing with sustainability issues. Among 

these different uses are quantitative scenarios such as population forecasts, scenarios resulting from 

system modelling such as climate scenarios and scenarios used in the product design/development 

field such as user scenarios. It is hard to isolate one particular use of the term and there is a need to 

acknowledge the different uses in different but relevant fields. Therefore, in this research, scenario is 

defined as ‘any representation of a future state’. That future state may either be predicted or 

preferred, may either be expressed quantitatively, through a narrative or graphically, and may either 

be in the short, medium, or long term, or cover a sequence of events which span one or more of 

these terms.  
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4.2.2. SCENARIOS – TYPES, METHODS AND FUNCTIONS 

Several scenario typologies have been suggested by various authors based on different classifications 

(e.g. Masini & Vasquez, 2000; Postma & Liebl, 2005; Chermack, Lynham & Ruona, 2001; Van Notten, 

Rotmans, Van Asselt & Rothman, 2003; Börjeson, Höjer, Dreborg, Ekvall & Finnveden, 2006). The 

most detailed typology was developed by Van Notten et al. (2003). Their typology has been 

expanded by List (2005). Van Notten et al. (2003) identified three overarching themes to classify 

scenarios. These themes are project goal, process design and scenario content. List (2005) identified 

scenario use as an additional theme. The amalgamated typology is given in Table 4 where italics 

indicate the aspects added by List.   

Table 4. Scenario typology (Van Notten et al., 2003 and List, 2005) 

Overarching theme Scenario type 

A. Project goal: 
Exploration vs. decision 
support  

1. Inclusion of norms? Descriptive vs normative 

2. Vantage point: forecasting vs backcasting 

3. Subject: issue-based, area-based, institution-based 

4. Time scale: long term vs short term 

5. Spatial scale: global/supranational vs national/local 

B. Process design: 
Intuitive vs. formal 

6. Data: qualitative vs quantitative 

7. Method of data collection: participatory vs desk research 

8. Resources: extensive vs limited 

9. Institutional conditions: open vs restrained 

10A. Time taken for scenario development: short vs long 

10B. Formality of process: rigid vs flexible 

10C. Method of development 

C. Scenario content: 
Complex to simple 

10. Temporal nature: chain vs snapshot 

11. Variables: heterogeneous vs homogeneous 

12. Dynamics: peripheral vs trend 

13. Level of deviation: alternative vs conventional 

14. Level of integration: high vs low 

15. Number of scenarios: few vs many 

16. Detail in each scenario: little vs much 

17. Number of scenario iterations: 1 vs. 2 

18. Shared content: standard vs unique 

D. Scenario use: 
Internalised vs. externalised 

19. Promulgation: internal secret vs wide publication 
20. Use: direct input into planning vs better understanding 
21. Timescale: immediate use vs kept for reference 

Another scenario typology is proposed by Börjeson et al. (2006). This typology classifies scenarios in 

line with the possible-probable-preferable futures framework of Amara (1981). In this typology, 

there are three categories -predictive, explorative and normative- and six types related to these 

categories (Figure 14). 
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Figure 14. Börjeson et al. (2006) typology of scenarios 

According to the typology of Börjeson et al. (2006), the predictive scenarios answer the question 

‘what will happen?’. Under predictive scenarios, forecasts identify what will happen if the likely 

developments unfold while what-if type scenarios try to predict future developments on the 

condition that some specific events happen. Explorative scenarios answer the question ‘what can 

happen?’. External scenarios explore what can happen regarding an external development. In this 

type, the scenario developer is the object and studies a subject which is external to itself and beyond 

its control.  Strategic scenarios explore what can happen if the scenario developer acts in a certain 

way, and therefore, in this type the scenario developer is both the object and the subject of scenario 

development. Normative scenarios answer the question ‘how can a specific target be reached?’. 

Preserving type scenarios try to reach a particular aim through adjustments to the current system. 

However, if the current system is seen as blocking the way to the aimed future, then transforming 

scenarios come into play.  

Bishop et al. (2007) identify eight general scenario development methods: judgement, baseline, 

elaboration of fixed scenarios, event sequences, backcasting, dimensions of uncertainty, cross-

impact analysis and systems modelling; however, only a few of these methods have been used. The 

scenario development methods List (2005) identifies are intuitive logics, critical uncertainties and 

prospective. He leaves often soft-ware based and partly quantitative proprietary methods and 

impact-based methods out of his analysis scope. Börjeson et al. (2006) classify scenario development 

methods under three categories according to their purpose; generating methods, integrating 

methods and consistency methods. For Inayatullah (2008), scenarios serve mainly to creating 

alternative futures which is the fifth of six pillars described above. The methods he elaborates are 

single-variable, double-variable, archetypes, organisational and integrated. 
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Wiek et al. (2006) identify six essential aspects of scenario development. These are functions, goal 

formation, procedure, results, operating agents and strategic agents. They differentiate between the 

functions of scenarios (result) and functions of scenario development (procedure). The most 

commonly cited function of scenarios is to assist in decision making as a basis for assessment, 

strategy development and as an input for modelling. The functions of scenario development are 

generating scenarios, building competence, facilitating and organising teamwork, and counselling 

decision makers. During goal formation, which is a prerequisite for the quality of process and results, 

expected results, system boundaries, function and knowledge base should be identified. The 

procedure refers to the methods used and can be either intuitive or formal but generally these two 

combine in real life applications. The parameters which can be used to characterise results are 

complexity, desirability, plausibility, and consistency. Results from a scenario development exercise 

can either focus on a specific component of a system or the whole system. The operating agents are 

the people who develop the scenarios and can either be experts or laymen. The group comprising 

operating agents needs to be established taking the goal and function of the scenario development 

into account. Strategic agents frame the elements of scenario development and use the results in 

strategic decisions.  

Despite the various definitions, purposes, uses and methods, scenarios share some common 

attributes. They describe hypothetical possible future pathways and dynamic processes which are 

causally related over a period of time (Rotmans et al., 2000). Since future is not predictable but will 

be influenced by individual and collective decisions along the way, and in the context of this 

research, the future is the future of complex systems, it is necessary to explore the relationship of 

futures studies and complex systems. 

4.3. FUTURE STUDIES AND CAS 

Summarising from Chapter 2 Section 2.3, CAS are characterised by unpredictable and emergent 

behaviour, limited or no decomposability, self-organisation, continuous change, sensitivity to initial 

conditions, learning, irreducible uncertainty, and contextuality. Some of the elements of CAS (e.g. 

humans) possess individuality, intention, purpose, foresight and values. These characteristics of CAS 

are currently changing the way how causality is conceptualised by the society. The linear and uni-

dimensional conceptualisation of reality is slowly leaving its place to one which reflects the increasing 

knowledge about the properties of CAS. How causality is conceptualised has implications on selection 

and use of the futures inquiry approaches. 
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Western thinking about causality has evolved from the Aristotelian multi-causality understanding to 

the now dominant single-causality understanding which started in the seventeenth century with the 

Newtonian mechanistic understanding of the world (Aaltonen, 2007a). Nevertheless, a mechanistic, 

linear and single-causality understanding is not suitable to explain and manage the real and 

intertwined systems of the world (Holling, 1992; 2001; Ulanowicz, 1999, 2004; Hjorth & Bagheri, 

2006). In dealing with complex systems, the conventional linear understanding of cause and effect as 

a chain cannot be rehabilitated since there is a network of interactions with many loops and 

feedback chains which act as small causes interacting with each other to determine system 

behaviour (Cilliers, 2007). Similarly, in socio-technical systems, there are so many dynamics 

interplaying with each other, only some of which can be known at a given time. There are also 

circular influences which create loops, thus reinforcing an occurrence in the system. Therefore, the 

concept of linear cause and effect is not sufficient to study the future of these systems since almost 

any event has multiple influences rather than one determining ‘cause’ (D. List, personal 

communication, July 10, 2007) and some of those influences might be reinforcing themselves (i.e. 

might be both the cause and the effect). 

The influences or causes, due to the feedback loops within and across systems, may be reflexive (i.e. 

affect themselves) giving way to a circular causality. The activities taking place at the micro-level of 

systems as a result of interacting system components influence change at the macro-level of the 

system which is manifested as observable behaviour known as emergence (Aaltonen, 2007a; Cilliers, 

2007). Emergent properties, due to circular causality, are not only effects of macro-level behaviour 

but also causes of micro-level activities and there is a top-down process as well as a bottom-up one 

(Cilliers, 2007; Harris, 2007). However, it should be noted that, the circular cause/effect chain is 

indeed not time-independent as the term circle implies, but rather, both causes and their effects and 

the causal implications of those effects flow through time. By the time effects (i.e. 

results/implications) of causes (or influences) affect the cause which generated itself, the cause 

changes and becomes a determinant of the new initial conditions of the system. 

In line with sensitivity to initial conditions of CAS, the future becomes unpredictable, indeterminate 

and emergent (Driebe & McDaniel, 2005; Aaltonen & Sanders, 2007; Harris, 2007). Therefore, 

present-time choices of system elements determine the future of the system without being able to 

accurately identify what those future changes will be. Identifying systems’ new initial conditions may 

be used to influence future (Aaltonen & Sanders, 2006; Aaltonen, 2007b). Identifying these new 

initial conditions requires an understanding of the past thus any attempt to inquire into future will 

only be meaningful with hindsight and insight as well as foresight. 
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Along with flow of cause/effect (or influence/implication) chains over time, there is also a multiplicity 

of causes giving way to a particular result at any given time. Mitleton-Kelly (2007) argues that 

Aristotelian conceptualisation of four different aspects of cause (material, efficient, formal and final) 

interact with each other to give way to an emergent whole; however, in line with Newtonian 

conceptualisation of the world, traditionally only the efficient cause is taken into consideration. 

Nevertheless, understanding the dynamics of and steering change in complex systems requires 

consideration of all these aspects of cause and the interaction within. Similarly, Inayatullah (1998; 

2008) identifies different, nested causal layers for deeper analysis of problems which can then be 

used to generate alternative futures scenarios and action plans to achieve these futures. Aristotelian 

conceptualisation of cause is well suited to understanding physical phenomena whereas the layers 

identified by Inayatullah (1998) (i.e. litany, social/systemic causes, discourse/worldview, 

myth/metaphor) investigate causation in a societal context. Therefore, these two conceptualisations 

complement each other in analysing socio-technical systems. Even though Inayatullah’s causal layers 

are layered to deepen the understanding of the social cause, Aristotelian aspects of cause are not 

necessarily layered in a deepening way but juxtaposed to broaden (instead of deepen) our 

understanding. While Aristotelian causation can be used equally efficiently for reductionist science 

when analysing a single component or part of a system, the layers proposed by Inayatullah require a 

systemic and contextual perspective. 

There is no possibility of tracking down all of the causal relationships within CAS and the best an 

analyst can do is to search for patterns in a system (Cilliers, 2007). Since CAS are contextual -i.e. not 

universally deterministic but dependent on time, locality and initial conditions- and interdependent 

to other CAS both at lower and higher levels in a nested hierarchy, it is impossible to draw closed 

system boundaries and have an all-encompassing understanding of the system. In understanding 

causal patterns, analysing CAS and steering CAS towards a desired future, the self-positioning of the 

analyst is a determining factor for success. In this regard, with references to the nested hierarchies 

therein, the best strategy seems to be focusing on a part of CAS -i.e. identifying a focal system- to be 

worked on and acknowledging the interrelationships between that focal system and the rest of the 

CAS.  

4.4. FUTURES STUDIES AND SYSTEM INNOVATION FOR SUSTAINABILITY 

Most of the futures methods were developed during 1970s or before, and therefore, they are not 

designed to deal with qualities of CAS. Recently in the futures field, there has been a call for 

methodological renewal in line with systems thinking (e.g. Aaltonen & Sanders, 2006; Floyd, 2008).  
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When radical change is needed, conventional planning methods such as forecasting, which is 

basically an extrapolation of prevailing trends, remains insufficient (Dreborg, 1996; Höjer & 

Mattsson, 2000; Wehrmeyer, Clayton & Lum, 2002). As discussed before, forecasting is classified 

under anticipatory or predictive futures inquiry methods (List, 2005; Börjeson et al., 2006). Höjer & 

Mattsson (2000) argue that forecasts can act as an alarm to inform that the prolonging trend will 

lead us to an undesired future state, but have nothing beyond to offer as a planning tool should long-

term radical change be necessary. As Slaughter (1998) argues, creating images of future through 

‘speculative imagination’ can feed our capacities for speculation, imagination and social innovation. 

This image creation through scenario building is referred as foresighting. Wehrmeyer et al. (2002) 

state the main applications of foresighting as: 1) to improve long-term decision making; 2) to guide 

technology choices; 3) to generate alternative trajectories for future developments; 4) to improve 

preparedness for emergencies and contingencies; and 5) to motivate change. The foresighting 

process involves three phases: 

 Working with groups both inside and outside the institutionalised planning processes to 
identify possible future scenarios; 

 Identifying, comparing and evaluating a range of possible future options; 

 Backcasting (Wehrmeyer et al., 2002, p. 29). 

Backcasting can be defined basically as planning backwards from a desired future state, thus, 

enabling the identification of alternative multiple paths towards that desired future (List, 2005). 

Backcasting also can be used to avoid undesired future states through development of a worst case 

scenario, identifying steps realising that undesired scenario and developing strategies to avoid those 

steps (Inayatullah, 2008). Dreborg (1996) states that backcasting is useful when the problem to be 

studied is complex, affecting many sectors and levels of society, when there is a need for major 

change since dominant trends are part of the problem and when the time horizon is long enough to 

allow considerable scope for deliberate choice. While forecasting is an extrapolation of the present 

towards an unknown state in the long-term future, backcasting is an interpolation towards present 

from an already envisioned future state (Figure 15).  
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Figure 15. Forecasting versus Foresighting-Backcasting 

Backcasting is not a new concept in planning for the future. It has been used in numerous 

applications from policy making to sustainable technology development mainly in European 

countries.  Quist and Vergragt (2004) provide a detailed historical development and a summary of 

past applications. The past studies relevant to the scope of this research are also discussed in detail 

in the next section. 

4.5. CRITICAL REVIEW OF PREVIOUS WORK 

This section provides a critical analysis of two main scenario development approaches used in 

previous studies for envisioning sustainable technologies. The methodologies of these approaches 

are analysed in terms of: 

 The extent of co-evolutionary approach to innovation; 

 The time-frames used;  

 The sustainability approach, and; 

 The flow direction of scenarios. 
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4.5.1. SUSTAINABLE TECHNOLOGY DEVELOPMENT AND DERIVATIVES 

The three major projects, which will be analysed under this sub-heading, are: 

 The Dutch National Inter-Ministerial Programme for Sustainable Technology Development (STD) 

(1993-2001); 

 The European Union funded Strategies towards the Sustainable Household (SusHouse) Project 

(1998-2000), and; 

 Planning of Strategic Innovation in a Polymeric Coating Chain (PCC) Project. 

Both STD and SusHouse projects were about sustainable need fulfilment with a long-term approach 

(Quist & Vergragt, 2004; Quist & Vergragt, 2006). The former one focused on policy development to 

influence sustainable innovations (Weaver et. al, 2000), and the latter one focused on developing 

design-orienting scenarios to influence sustainable technological and social innovations (Green & 

Vergragt, 2002). The STD project adopted a 50 year time frame consistent with the time period 

needed for radical innovations and used a backcasting approach aiming at Factor 20 reductions 

(Weaver et al., 2000). The SusHouse methodology was derived from STD methodology, and 

therefore, adopted the same time frame and Factor X reduction target. Both of the projects involved 

different stakeholders into backcasting process because of their context specific knowledge and for 

endorsement of results and realising implementation (Quist & Vergragt, 2006). STD was focused on 

nutrition, transport/mobility, buildings and urban spaces, water services and, materials/chemicals 

(Weaver et al., 2000). The project schedule consisted of following steps: 

Develop long-term vision: 
Step 1: Strategic problem orientation and definition 
Step 2: Develop future vision 
Step 3: Backcasting – set out alternative solutions 
Develop short-term actions 
Step 4: Explore solution options – identify bottlenecks 
Step 5: Select among options – set up an action plan 
Implementation 
Step 6: Set up co-operation agreements – define roles 
Step 7: Implement research agenda (p. 76). 

The SusHouse project focused on three household functions (Vergragt, 2000; Green & Vergragt, 

2002). These functions were food (shopping/cooking/eating), clothing care and shelter 

(heating/cooling/lighting). The methodology consisted of stakeholder creativity workshops, scenario 

writing, environmental assessment of scenarios, economic assessment of scenarios, consumer 

acceptance research on scenarios, and backcasting workshops (Vergragt, 2000). 
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The PCC project had a sectoral focus in two countries; the Netherlands and Portugal (Partidario, 

2002; Partidario & Vergragt, 2002). The methodology used was similar to the STD and SusHouse 

methodologies (scenario development, participatory workshops, stakeholder involvement and 

backcasting) and ‘based on social interactivity and on a social learning process (e.g. the product 

chains, policy making) creating conditions to promote innovation (Partidario, 2002, p. 171)’. The 

study was focused on environmental sustainability, had a 50 year time frame and used a Factor X 

concept, similar to STD and SusHouse. 

All three projects focused not only on influencing technological innovations but also social, 

institutional and organisational innovations (Weaver et al., 2000; Vergragt, 2000, Partidario, 2002). 

Even though these projects focused on different types of innovations in the wider socio-cultural 

context, the understanding about the formation of these innovations was linear and one-way rather 

than co-evolutionary and the whole approach was explicitly techno-centric. The innovation ideas 

were evaluated against consumer/society acceptance according to current cultural values. 

Consideration of current cultural values or social acceptance is vital for the realisation of short-term 

actions. Nevertheless, on a long-term scale, innovations or technological developments can influence 

the demand side and render diffusion possible. Saviotti (2001) argues that for radically new products 

which fall beyond consumers’ imagination, there can be no demand. Elsewhere he states that in 

‘these cases, preferences and demand are created gradually as an innovation diffuses and as various 

forms of learning take place, both on the consumer and of the producer side (Saviotti, 2005, p. 19)’. 

He points to the mutual nature of learning in the sense that producers should inform their 

consumers about the innovation at the beginning, and then, as the innovation diffuses, producers 

gradually learn how to evaluate demand. 

Using a 50 year time frame is justified as it is consistent with the amount of time required for 

developing radical innovations (Weaver et. al, 2000). Also it meets the requirement for long-term 

orientation. However, the selection of this time frame is based on innovation dynamics rather than 

sustainability and, by placing a temporal limit, ignores unsustainability issues which may extend 

beyond or become significant after this pre-determined time frame.  

Factor X reduction targets, which are based on a single indicator, i.e. the ecological footprint 

(Chapter 5), suffer from an over-generalisation of sustainability issues. It does not make any 

differentiation between various problems and treats them as if they pose equal amount of risk and 

require equal amount of improvement within the same temporal frame. However, for example, 

consumption of renewable resources has different implications than consumption of non-renewable 
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resources, and therefore, will require a different approach in considering renewal rate. Factor X can 

be used effectively to set general dematerialization targets but cannot provide information on single 

allocation issues at a systems level. The simplified context can be effectively used in a very local 

sense, but when the global flow of materials is considered, local dematerialization targets and 

implementation of these will not be meaningful in the larger systemic contexts. Factor X is focused 

on tackling present undesirable trends; therefore, planning which relies solely on Factor X 

assessment will be prone to failure in the case of an unanticipated change. Factor X deals only with 

material/energy flows in a technological system and aims to meet pre-set efficiency targets. 

Therefore, it can only favour environmental sustainability and fails to provide a systemic coverage. 

Thus, Factor X should not be the only indicator to guide decisions during scenario development, 

selection and backcasting.  

The research projects discussed in this section investigated ways of influencing radical technology 

development in large operational contexts such as policy development (Weaver et al., 2000). The 

smallest operational context focused on in research was a particular industrial sector (Partidario, 

2002). As a result, how an individual company relates to larger operational contexts such as a whole 

sector or policy in planning for sustainable technologies remains as a gap to be filled. Weaver et al. 

(2000) emphasise firms as key entities in carrying innovation forward but they also state that radical 

innovations rarely arise from established firms. One of the major characteristics of their project is to 

‘ignore existing technological solutions and, instead, develop new solutions from new starting points, 

such as the “need” to be met or the “task” to be performed (Weaver et al., 2000, p. 64)’. Focusing on 

‘need’ is essential within a sustainability context. Nevertheless, ignoring existing technologies and 

vested interests of established firms in the existing markets, despite the creative potential it brings, is 

not sufficiently realistic to influence sustainable technologies. Technology is not a stand-alone, 

independently functioning or developing entity. Rather, as mentioned before, the functioning and 

creation of technology resides in a socio-technical system, which consists of many agents enforcing 

the stability of or influencing change in that system. In addition, technological development is 

dependent on cumulative knowledge and new technologies, even the most radical ones, will be built 

on and add to the existing knowledge base. Therefore, STD and its derivatives’ approach to 

development of sustainable technologies is weak, since it neglects the ‘present’ completely and 

focuses only on the future. The potential of focusing on a visionary future state to achieve 

sustainable technologies could be strengthened with an in depth analysis of the current socio-

technical system to identify barriers to change such as technological lock-ins and social networks in 

support of the status-quo and develop strategies to overcome these.  



63 
 

4.5.2. SOCIO-TECHNICAL SCENARIOS 

The neglect of co-evolution of technology and society in anticipating the future technologies has 

several pitfalls (Geels & Smit, 2000). Policies based on overly simplistic assumptions about how 

technologies develop and diffuse are prone to failure and such anticipations do not allow for the 

consideration of some types of strategies and policies due to their implicit assumptions about 

technology development (Geels, 2002c). Building on the multi-level perspective of socio-technical 

change and his criticism about linear and simplistic scenario methods, Geels and others developed 

the socio-technical scenarios (STS) methodology. The multi-level perspective constitutes the 

conceptual framework for STS.  

Elzen, Geels, Hofman and Green (2004), pointing to the high complexity and uncertainty during 

transitions, list the following features as a minimum which should be covered by socio-technical 

scenarios: 

1. Transition scenarios should show socio-technical development, that is, the co-evolution of 
technology and its societal embedding (‘leapfrog’ dynamic). This implies attention for 
different types of actors, their goals, strategies and means. Concrete features like 
technologies, investments and infrastructures should not appear automatically but must 
be made plausible as the result from interactions between actors. Thus, transition paths 
do not come out of the blue but it becomes clear why they develop. 

2. Learning processes and niche dynamic should be visible in the scenarios. Important 
questions to deal with are: What happens in niches? Which innovations are developed? 
What are the problems and possibilities? In which direction are solutions sought? What 
learning takes place on technology, new user practices, regulation, etc.? Which actors are 
involved in the learning processes? 

3. Spread of novelties should not only describe diffusion of individual innovations but also 
have attention for their development and the interaction between niches, e.g. in linking of 
individual technologies (hybridisations) and synergistic effects. 

4. Market take-up should also address the development of innovations through successive 
niches (niche-accumulation) (p.256). 

The method to develop and implement socio-technical scenarios is to (Elzen et al., 2002): 

 Characterise the current regime in terms of the embedded technologies, the main actors 
that constitute the regime, its dynamic and, based on this, the main trends in the recent 
past that are likely to carry on into the near future; 

 Identify ‘potentially interesting’ niches and characterise them; 
 Identify the main landscape factors that (could) influence the dynamic in the niches and 

regime; 
 Design choices at various levels, notably: 

 ‘macro-level’ choices: choose landscape level factors that define the 
macroenvironment in which the scenario-developments take place; 

 ‘micro-level’ choices: choose which niches will make a ‘breakthrough’ as a prelude 
to a transition. 

These tasks can be carried out in a number of consecutive steps, notably:  
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 Step 1: Design choices and contours of the scenarios 
 Step 2: Inventory of potential linkages as promising transition elements 
 Step 3: Analysis of dynamic of the existing regime 

 Regime characteristics, problems, strategies and trends 
 Landscape factors and ‘enabling technologies’ 
 Relevant niches: opportunities and barriers for transition 

 Step 4: Develop scenario skeletons 
 Step 5: Make the scenario 
 Step 6: Reflect on the scenarios 
 Step 7: Develop policy recommendations (p.15). 

This method has been used to explore transitions towards sustainability in energy (Elzen et al., 2002; 

Hofman, 2005) and transportation (Geels, 2002c; Elzen et al., 2004) sectors. The strength of the STS 

method is obviously the emphasis it puts on co-evolution of technology and society. The elaboration 

of socio-technical regime characteristics combined with analysis of macro-level circumstances 

(landscape level) and micro-level developments (niche level) provides an understanding of the 

present dynamics of the existing regime. Understanding the present dynamics is essential since the 

new technologies or the socio-technical regimes these technologies will be a part of will either 

improve or replace existing technologies. The method not only enables such an understanding but 

also, since the scenarios rise from the causal relationship between present and future, has the 

potential to bring realistic policy recommendations which will influence the regime change. The 

scenarios can help to identify alternative transition paths and policies can be directed towards 

realisation of a preferred path (if it exists).  

Despite the strengths of socio-technical scenarios method, it is designed to be used for policy 

development. Policy development takes place at societal level (i.e. large operational context). Even 

though the multi-level perspective that the method uses provides grounds for the analysis of 

influence of niches on regime, niches are not ‘operational contexts’. Therefore, how individual 

companies (i.e. smaller operational contexts) relate to innovation at the system level remains vague. 

As significant regime actors, individual companies play an important role both in generating, 

enforcing and overcoming lock-ins as the group of companies in a sector determine, to a large 

extent, how the niches are created and which ones are developed. Also, from the perspective of an 

individual company, understanding the likely changes in the socio-technical regime it operates within 

is important in developing future strategies.   

STS have so far been used in energy and transportation areas (Elzen et al., 2002; Elzen et al., 2004; 

Geels, 2002c; Hofman, 2005). Energy and transportation regimes are especially hard to change due 

to involvement of many stakeholders. These regimes are almost overarching regimes in modern 
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society, with regimes entirely or partially dependent on these overarching regimes. Indeed, there is a 

hierarchy of regimes in relation to level of dependency on other regimes. This hierarchy should be 

acknowledged at the socio-technical regime level when analysing and building strategy for regimes, 

which are lower in the hierarchy, i.e. which highly depend on other regimes.  

The major pitfall of the use of this method so far in influencing transitions towards sustainability is 

the lack of a basis, which defines or measures ‘sustainable’. It can be seen from the above-mentioned 

previous studies that there are assumptions about what a sustainable energy or transportation 

regime should be like. For example, in Elzen et al. (2004), the scenarios are built around two visions 

of sustainability. In the first scenario, the outcome is high-tech, individual mobility with extremely 

low carbon dioxide emission cars. The second scenario replaces personal automobiles with self-drive 

vehicles, which are leased instead of purchased. The scenarios’ main starting points are issues 

related to congestion and fuel emissions. Therefore, the outcome scenarios are focused on 

mitigation of these two issues and land use impacts are not taken into account. Accordingly, there 

are no references in the scenarios to deal with land use impacts of continuing individual mobility. 

Therefore, in these scenarios, there are no references as to how urban planning and public transport 

will change, which, indeed, may change policy recommendations substantially. 

STS have so far been developed as expert scenarios. All decisions including the quantity of scenarios 

to be developed and time frame to be used are made by an analyst (or a group of expert analysts) 

who is a policy expert. The selection criteria for these decisions are vague as are the criteria for 

identifying a certain transition path as ‘promising a better sustainability performance’. The STS 

method can be improved through input from different expert groups, such as experts from 

sustainability science and related fields, as well as participation of non-expert stakeholders. In 

addition, an integrated scenario development approach, as proposed and used by Rotmans et al. 

(2000) in Visions for a Sustainable Europe Project can improve the outcome of STS substantially. 

Rotmans et al. (2000) used a combination of expert and participatory scenario approaches in 

developing visions for a sustainable Europe. The expert input was used to provide scientific accuracy 

and integrity in sustainability issues, whereas the participatory part was used to enhance broadness 

and richness of the scenarios as well as to enable dialogue and credibility among stakeholders. 

Similarly, providing input from scientists in the sustainability area and incorporating a participatory 

aspect into STS methodology can improve the outcome in following ways: 

 Scientific input about sustainability issues can help to provide an assessment frame for 

transition paths, and therefore, the policy recommendations can be done accordingly; 
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 The participation of different stakeholders can provide more insight about creation and 

development of niches suitable for a transition path preferred in line with sustainability 

requirements, and; 

 The participation of different stakeholders will potentially increase the success of implementing 

the policies as these will be developed in consultation with the parties to be affected by those 

decisions.  

Finally, the method on how to develop STS is not transparent enough for potential users to repeat 

the steps in detail. What has been documented so far provides a skeleton of the methodical steps 

rather than the method itself. The causal relationship between consecutive events is apparent in the 

scenario narratives, i.e. the flow of events is logical. But, it is not clear why event B, instead of C, 

followed event A, where C also can logically follow A. This is most probably a result of key 

assumptions and decisions made by the scenario developer. Nevertheless, if the assumptions and 

decisions are made transparent, following the logical flow of scenarios could be improved. This 

transparency can also provide a ground for improvement and/or reassessment and refinement of 

scenarios as underlying assumptions change or by different experts. Progress needs to be made to 

clarify the decisions and construction methods behind STS (F. Geels, personal communication, June 

22, 2007). Therefore, there is ground for development and improvement of STS method in its present 

form. 

4.6. SUMMARY OF FINDINGS AND INSIGHTS GATHERED IN THIS CHAPTER 

This chapter provided an overview of the futures studies, the relationship between futures studies 

and CAS and the role of futures studies in system innovation. The chapter also reported a critical 

review of some previous work of major significance in relation to system innovation for 

sustainability. Below is the summary of key findings and insights reported in this chapter: 

 In order to realise system innovation three types of knowledge needs to be generated; 

knowledge of the system and its components subject to transition (i.e. system knowledge), 

knowledge on how to make the transition from the current state of the system to the desired 

state (i.e. transformation knowledge), and knowledge of the desired state (i.e. target 

knowledge). Target knowledge is the vision of the sustainable state of the system of concern. 

Therefore, generation of visions is crucial for system innovation. In order to establish the 

transformation knowledge which will enable the society to move from the current state to the 

desired state, using a suitable futures inquiry method/tool is needed. The most commonly used 

futures inquiry in system innovation related projects is scenario development. Scenarios are also 
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widely used in organizational strategy development as well as product development. This makes 

utilization of scenario development as the most suitable approach for the overall objective of 

this research, i.e. to effectively link the activities/decisions at product development (micro-

innovation) level in companies with the transformation which needs to take place at the societal 

(macro-innovation) level to achieve sustainability;   

 There are several different scenario development methods/tools and several different types of 

scenarios generated as a result of the method/tool used. Different types of scenarios can be 

used for different purposes. The simplest typology suggests three types of scenarios: predictive, 

exploratory and normative. These scenario types are analogous to the three types of knowledge 

which need to be generated to manage system innovation for sustainability. Predictive scenarios 

(such as population forecasts) can aid in generating system knowledge. Normative scenarios (i.e. 

visions of sustainable futures) can aid in generating target knowledge. Exploratory scenarios can 

aid in generating the transformation knowledge. Therefore, in planning for system innovation 

for sustainability all three types of scenarios are relevant;    

 Increasing scientific knowledge about CAS is changing how causality is understood and 

conceptualised. There is a shift from a mechanistic and linear understanding of cause and effect 

chains to an understanding accommodating dynamically interacting multiple influences and 

circular causes. Interventions to influence the future of CAS, and thus, of socio-technical systems 

which need to be transformed towards sustainability should also adopt this latter understanding 

of causality; 

 Future of CAS is unpredictable, indeterminate and emergent. The present-time choices of 

system elements determine the future of the system without being able to accurately identify 

what those future changes will be. In order to push/pull a socio-technical system towards a 

desired state any attempt to inquire into future will only be meaningful with hindsight and 

insight as well as foresight; 

 There is no possibility of identifying all of the causal relationships influencing CAS. Also, CAS can 

be influenced both by internal dynamics and external factors. Therefore, it is impossible either 

to draw closed boundaries or to have an all-encompassing understanding of a system. In order 

to steer a large CAS -such as a socio-technical system- towards a desired future the best strategy 

seems to be focusing on a part of CAS, and thus, identifying a focal system to be worked on and 

acknowledging the interrelationships between that focal system and the rest of the CAS, and; 

 Analysis of some major previous work in the area of system innovation for sustainability (in 

terms of the extent of co-evolutionary approach to innovation, the time-frames used, the 

measure of sustainability adopted, and the flow direction of scenarios) concluded that, despite 
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the strengths of each methodology used in these projects, none of them is fully capable to 

influence system innovations towards sustainability especially at product development level. 
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5. SUSTAINABILITY AND INDUSTRY 

5.1. INTRODUCTION 

Industry has a double-faceted role in achieving sustainability. It is the major cause of environmental 

deterioration, as well as the main agent for economic and social development (Schot et al., 1997). 

Nidumolu, Prahalad and Rangaswami (2009) argue that sustainability is now the key driver for 

innovation in companies since incorporating it into the business can reveal technological and 

organisational innovation opportunities which have significant potential for economic return. They 

state that becoming a sustainable enterprise is a five stage journey from seeing compliance as an 

opportunity to creating next-practice platform by questioning and replacing the current logic of 

business. Replacing the current logic of business is indeed innovation at the system level. Shifting 

companies’ sustainability approach to such high-level understanding is an incredibly challenging 

mission given the dominant, growth-oriented economic paradigm as well as the consumption culture 

prevailing in the post-industrial and developing countries and becoming increasingly widespread in 

emerging economies. The required transformation of industry will take place as part of the broader 

societal transformation to achieve sustainability. In order to facilitate the transformation of industry, 

the role of industry in achieving sustainability needs to be investigated and the current drivers and 

barriers for industry to move towards sustainability needs to be understood. With this aim, this 

chapter critically reviews the literature addressing sustainability and industry. In the following three 

sections (5.2, 5.3 and 5.4), the role of industry in achieving sustainability, the current drivers and 

barriers for industry to move towards sustainability, and the significance and implications of 

sustainability risks for the industry are discussed. The advantages and disadvantages of different 

strategic orientations and existing tools and approaches are analysed in Sections 5.5 and 5.6. 

5.2. THE ROLE OF INDUSTRY IN ACHIEVING SUSTAINABILITY  

Industry is a subset and an integral part of society. It facilitates economic and social development as 

well as cultural exchange. Industry provides products and services for need fulfilment and well-being. 

It facilitates human development through knowledge generation and technological development and 

it plays an important role in job creation and employment. Companies are not only responsible to, 

and driven by, interests of shareholders but they also are responsible to, and influenced by, all 
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stakeholders that they come in contact with, either directly (employees, governmental institutions, 

supply chain, etc.) or indirectly (consumers, competitors, educational institutions, public in general). 

 
Figure 16. The main interactions between industry and the environment, society and economy 

Industry is strictly subject to the irreversible hierarchy of the strong sustainability model (Figure 16). 

Without resources, processes and technologies would not be possible. Without human capital input, 

physical and intellectual labour requirements would not be met due to the very limited 

interchangability of different capitals provided by the environment, society and economy. In 

addition, industry and the whole network of production and consumption influence socio-cultural 

change in the short, medium and longer terms through life style changes by development of new 

technologies. In a strong sustainability model, the role of businesses is not only limited to improving 

direct impacts (input-output) rising from the interaction with the environment, but as an actor in the 

socio-technical system, businesses can have indirect yet effective influence on consumption patterns 

(Málovics, Csigéne & Kraus, 2008). Businesses have a pivotal role to play in sustainable consumption 

and production since a significant amount of resources, capabilities and mechanisms needed for the 

transformation towards sustainability are held by them (Charter, Gray, Clark & Woolman, 2008). 

Influenced by technological change, social and cultural norms and perceptions change. Therefore, 

industry itself is an agent of change which can facilitate the change required within the socio-cultural 

context needed to achieve sustainability. As a summary, Figure 17 shows the business in the context 

of social influences. In this web of interaction, businesses have multiple roles to play including: 

 development of new technologies and practices; 

 promoting sustainability in up and downstream chains; 
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 promotion of sustainable consumption; 

 influencing changes in the economic and legal incentives which shape both production and 

consumption patterns, and; 

 influencing changes in the values and discourse which shape the culture of business, 

government, media and public. 

Although this figure may imply suppliers exist in a vacuum, they are also influenced by governments, 

markets, consumers and media. In addition, businesses increasingly require responsible performance 

and green products from their suppliers. 

 
Figure 17. Interaction web of social influences on the business (reproduced from Michaelis, 2003) 

Society and industry are interdependent and, thus, sustainability of industry is required to sustain 

society and vice versa. Therefore, an understanding of the interactions and interdependencies 

between industry and society and the addressing of these interactions and interdependencies with 

an integrated and holistic approach is necessary to achieve sustainability. 

5.3. DRIVERS AND BARRIERS FOR CHANGE TOWARDS SUSTAINABILITY 

There are both drivers and barriers for industry to move towards sustainability. Table 5 presents a 

summary of these drivers and barriers classified under institutional, social/cultural, organisational 

and technical/technological components of the socio-technical system. 
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Table 5. Drivers and barriers for industry to move towards sustainability 

 Institutional Social/Cultural Organisational Technological 

D
ri

ve
rs

 

Legislation/ 
regulation enforcing 
sustainable practices 
 
Promising niche 
markets 
 
Current economic 
paradigm 
encouraging 
businesses to actively 
seek opportunities 
and see risk as an 
opportunity 

Consumer 
demand/pressure 
  
Stakeholder 
demand/pressure 

Competition 
 
Company 
culture/values 
 
Reputation/ 
Legitimacy  
 
Shareholder pressure  
 
Employee pressure 
 
Financial gains 

Limits/challenges by 
biophysical 
environment 
 
Emerging enabling 
technologies 

B
ar

ri
e

rs
 

Current economic 
paradigm 
encouraging growth-
oriented business 
practices 
 
Legislation/ 
regulation enforcing 
established 
unsustainable 
practices 
 
Legislation/ 
regulation too 
stringent to be 
encouraging 
 
Lack of policy  
context for radical 
systemic innovation 
 
Lack of economic 
incentives for radical 
systemic innovation   
 
Lack of 
understanding on 
how to steer and 
manage radical 
systemic innovation 

Consumption culture 
 
Lack of lead markets 
for niche 
technologies 
 
Challenge of 
activating and 
organising collective 
transformative 
movements 

Organisational inertia 
 
Commitment at 
managerial level 
 
Company 
culture/values 
 
Need for long-term 
orientation 
 
Return rate of 
investment 
 
Costs (perceived and 
real) 
 
Threat of 
cannibalising own 
business 
  
Lack of 
understanding in the 
industry of how to be 
involved in radical 
systemic innovation 

Lock-in effects for 
diffusion of new 
technologies 
 
Lack of enabling 
technologies 

Hart (1995) argues that the constraints and challenges posed by the biophysical environment are 

among the most important drivers for firms to develop new resources and capability. He sees action 

taken towards sustainability by firms as a result of natural limits as a potential to enhance 
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competitive advantage through development of firm-specific competencies which are not easy to 

imitate by competitors. He argues that the aim of establishing and protecting company legitimacy 

and reputation influences firms to adopt company-wide holistic approaches in relation to 

environmental performance covering all products and processes. Crises relevant to environmental 

pressures and rising energy and petrol prices are currently among the significant drivers for the 

industry to consider changes in their practices in line with sustainability requirements (Charter et al., 

2008). Shrivastava (1995a) emphasises competitive advantage, pointing out that ecologically 

oriented strategies give companies ‘first mover’ advantage (gained by being the first occupant in a 

market segment) in environmentally sensitive markets.  

Porter and van der Linde (1995) argue that properly designed stringent environmental regulation will 

influence and facilitate innovation in companies. There is a body of empirical research supporting this 

argument, especially in relation to end-of-pipe pollution reduction/prevention-oriented legislation 

(e.g., Greenstone, 2003; Taylor, Rubin & Hounshell, 2005). Increasingly, this end-of-pipe pollution 

prevention/reduction-oriented early legislation is being supported by product and producer 

responsibility-oriented policies. More detail on this is given under Section 5.6.1.  

Increasing public concern about environmental and social issues is being reflected by consumer 

purchase decisions (Brown & Wahlers, 1998). Consumer pressure is one of the major incentives for 

companies to adopt environmental self-regulation measures (Anton, Deltas, & Khanna, 2004). There 

is a consumer group referred to as ‘ethical consumers’ which include non-activists (concerned, buy 

and boycott products if the issues are obvious but do not feel guilty about unethical buying) and 

activists (passionate and more interested in social and environmental issues than in brand names) 

and comprise more than one fifth of the population according to Cowe and Williams (2001). Ethical 

consumers are not solely concerned with environmental issues but also animal rights/welfare and 

human rights (Tallontire, 2001). Even though the proportion of ethical consumers to the whole of the 

population is not sufficient to produce any significant marketplace action (Cowe & Williams, 2001), 

Wheale and Hinton (2007) state that most companies recognise that there are profitable niches for 

products which have a higher environmental and social performance.  

González-Benito and González-Benito (2006) identify five internal (i.e. company size, degree of 

internationalisation, position in the value chain, managerial attitude and motivations, and company 

strategic attitude) and two external (i.e. industrial sector, geographical location) factors as 

determinants of environmental proactivity in companies. They state that stakeholder pressure is 

central and essential to adoption of voluntary self-regulation activities and, indeed, all the other 
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factors affect either the intensity of this pressure or the company’s capacity to perceive it. Henriques 

and Sadorsky (1996) explicitly define shareholder and employee pressure as part of stakeholder 

pressure, which influences companies’ environmental performance. A recent study carried out in 

Japan by Nakao, Amano, Matsumura, Genba and Nakano (2007) statistically supported the 

hypothesis that a firm’s environmental performance has a positive impact on its financial 

performance.  

Shrivastava (1995a) argues that competition through innovation is one of the major drivers for 

industrial sustainability. Charter et al. (2008) state that sustainable innovation is an area emerging as 

a response to the needed radical systemic change. This type of innovation includes product and 

process innovations but goes well beyond to compete for the future innovations to meet 

sustainability requirements. Personal experience also indicated that, in some companies, senior 

management have started to recognise the need for radical change and that all company processes 

in the future have to be sustainable (C. Gianni, personal communication, November 20, 2006; M. 

Elmore, personal communication, July 28, 2008).  

There are limits to exclusively internal (developed within a single company) strategies for 

sustainability since there is a need at systemic level to alter socio-technical systems by 

redefinition/redesign of technological/social infrastructures and changing consumer behaviours 

(Hart, 1995). However, this is a more challenging process than incremental and improvement-based 

eco-innovation which can be managed internally in a company. For change to take place at systemic 

level, various preconditions must be fulfilled such as availability of lead markets, entrepreneurship 

and venture capital, stability in policy and institutional context, and, convincing shareholders of the 

need of long-term planning and investment (Charter et al., 2008).  

More fundamentally, the history of research investigating how radical systemic transformation can 

be managed is not very long (Chapter 3). No outcomes from this body of research have yet been 

widely observed. Therefore, there is a lack of understanding at policy-making level on how to steer 

and manage system innovation. As a result, within the industry, there is a lack of understanding on 

how to be involved in and plan for the systemic and large-scale transformation which needs to take 

place to achieve sustainability. Neither is there sufficient funding available at the disposal of 

companies to encourage the necessary research and capacity/capability development. The two case 

studies carried out by Van Bakel et al. (2007) pointed out that system innovation poses a unique 

challenge for established companies. These companies, on the one hand, have to continue regular 

business practices within their existing socio-technical regime and, on the other hand, they have to 
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develop and run shadow-track strategies for developing niche innovations to challenge the regime 

they are running their businesses in.  

Hart (1995) points out that the need for having a long-term orientation in business planning along 

with short and medium terms and associated costs, as well as the slow return rate of investments, 

are discouraging companies from taking action towards sustainability. Stone and Wakefield (2000) 

and Stone (2006) emphasise the required change in company values and the need for commitment 

at the managerial level as the barriers at the organisational level. Conceição, Heitor and Vieira (2006) 

report, as a conclusion to their empirical study carried out among innovative Portuguese firms, that 

lack of organisational flexibility and consumer receptivity are the two most relevant innovation 

barriers. There are more challenges in the systemic level. In order to gain the competitive advantage 

mentioned in the previous paragraph, there must be cohesion and flow of information within the 

organisation and between organisations and stakeholders to accept and integrate ecological 

(Shrivastava, 1995a), social and economic signals from the external environment.  

Even though an understanding of barriers and drivers for industry to move towards sustainability is 

essential to manage system innovation, it is impossible to prepare a checklist of all drivers and 

barriers which can be used to initiate and manage all projects of system innovation for two main 

reasons. First, empirical research on drivers and barriers is limited and generally consists of case 

studies (for a recent review of the literature see del Río González, 2009). Therefore, all-

encompassing, generic knowledge of drivers and barriers is not available. For example, Labonne 

(2006) found that how larger companies deal with environmental issues differ significantly from how 

SMEs deal with same issues. Second, some of these drivers and barriers are not mutually exclusive 

and act as both which makes their use in managing system innovation complicated. For example, the 

current liberal economic system, by promoting a competitive paradigm, encourages companies to 

see sustainability issues as potential innovation opportunities. On the other hand, as much as a 

driver, the current economic system is also one of the major barriers in front of the industry because 

ecological and social costs are external to the cost of production. The current economic system, by 

promoting a competitive and growth-oriented business paradigm, forces the companies to reduce 

the price of the products and services they deliver and try to increase their sales. Nevertheless, there 

is not yet a system capable to cope with the resulting resource depletion and waste generation. In 

addition to, and reinforced by, this cycle of resource depletion and waste generation, consumerism 

in the society prevails. 
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5.4. SUSTAINABILITY RISKS AND INDUSTRY  

The relevance of sustainability risks to industry is that if the society fails or global environmental 

deterioration continues, the businesses cannot succeed (Reinert, Jayjock & Weiler, 2006). In the 

discourse of the business case for sustainable development, many authors have identified risk as a 

major driver of behaviour and adopting ‘beyond compliance’ policies even though currently these 

policies cannot be justified from an economic point of view (Evans, Brereton & Joy, 2007).    

Shrivastava (1995b) points out that managing companies to optimise production variables is 

insufficient and corporations should also manage risk variables. He argues that this does not mean an 

expansion to include new risks but it requires substitution of ‘the production orientation of existing 

paradigms with the risk orientation of a new paradigm (p. 123)’ and, ‘*organisations+ need an 

orientation that focuses centrally on technological and environmental risks, that is, one that does not 

treat risks as externalities but treats them as the core problems of management (p. 127)’. The profit-

centred risk orientation should be extended by internalisation of sustainability related risks in order 

to be able to identify the costs associated with sustainability and their impact on profit.   

The Millennium Ecosystem Assessment (MEA) report by World Resources Institute (WRI) identifies 

six major changes which are having or will have profound negative impacts on ecosystems as 

relevant to businesses, either individually or collectively. These six changes are water scarcity, 

climate change, habitat change, biodiversity loss and invasive species, overexploitation of oceans, 

and nutrient overloading (MEA, 2005). In addition to impacts of ecosystem changes, certain social 

trends and practices are becoming increasingly relevant to the business decisions such as population 

growth, ageing of population in developed countries, vulnerability of people to climate change, 

poverty, conditions of labour and, increased risk of social conflict and political instability in certain 

regions (ILO, 2005, 2006; UN, 2007a, 2007b; UNDP, 2007; UNEP, 2007). 

The World Business Council for Sustainable Development (WBCSD) counts sustainability risks among 

the new mega-risks of the century and points that these risks ‘present unprecedented challenges to 

companies and governments alike’ (WBCSD, 2004, p. 13). The key message of WBCSD addressed to 

companies is that these risks are systemic, complex and interrelated in nature, have greater 

uncertainty than traditional risks, and are owned not by a single entity but by the whole of the 

society. Therefore, companies should adopt longer-term strategies to tackle the challenges rising 

from these risks and should collaborate with society and government in mitigation and/or 

management of these risks.    
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The risks rising from sustainability related issues both pose threats to and provide opportunities for 

businesses. Businesses likely to evolve and avoid decline are those adaptable to the changes such as 

environmental crises, rising energy and material prices and global trends through rejuvenating 

entrepreneurship, experimentation, learning and strategic innovation (Charter et al., 2008). 

Naturally, those companies which are aware of the required change and underlying dynamics have 

the advantage of creating, improving and orienting their core competencies towards sustainable 

practices. This awareness allows identification of related risks and opportunities. For example, MEA 

(2005) argues that water scarcity is potentially of greatest importance for businesses; there will be 

increasing regulations on water use and businesses will compete for water. Those businesses basing 

their decisions and strategies in line with long-term water supply will avoid associated risks and those 

directing their innovative efforts towards increasing water efficiency will have increasing 

opportunities in the market. Another example of sustainability risks affecting the whole of the 

society is climate change due to release of excessive amounts of greenhouse gases. The indirect 

opportunities rising from carbon trading schemes are already recognised by some less-polluting 

companies. Similarly, allocating specific investment funds for companies developing renewable 

energy technologies or products utilising renewable energy resources is becoming common practice 

among venture capitalists. Also, existing or expected policies aiming at reduction of carbon emissions 

increased the speed of development of biofuel sector as well as diffusion of low emission cars.  

It should be noted that not all sustainability risks can directly be transformed into opportunities for 

all business. Awareness about sustainability issues is essential for viability of businesses since it will 

initiate early action, either to realise and exploit an opportunity or to identify and mitigate a business 

risk rising from sustainability risks. Awareness about broader implications of sustainability risks over 

industry can increase the speed of identification of opportunities and risks. As a result, timely action 

can be taken for exploitation of opportunities and, mitigation of/adaptation to risks rising from 

inevitable changes which are due both in environmental and socio-technical systems. Therefore, in 

dealing with businesses, which are conventionally run by opportunities, the limitations of this 

approach to achieve sustainability should be emphasised. In addition to opportunities, which are 

essential for businesses to move towards sustainability especially in the short term, there should also 

be a focus on identification and mitigation of/adaptation to risks that cannot be transformed into or 

defined in terms of opportunities.  

From an organisational point of view, sustainability is achieved by adaptation to external forces 

(Faber et al., 2005) through management of internal change. The sustainability of industries and 

companies will depend on their adaptive capability to manage the challenges of resource limits, 
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social and environmental problems and regulatory measures. The ability to foresee these challenges 

and implement strategic business planning accordingly will be the most important core capability in 

firms for future competitiveness. In conclusion, industry is an integral part of society, and as a result, 

the sustainability of industry is dependent on the sustainability of the environment and society. 

Therefore, the risks posed to the sustainability of industry should be understood and managed by 

considering the interrelations between the industry, the environment and society following a 

systemic approach. 

5.5. THE ROLE OF STRATEGIC ORIENTATIONS IN CHANGE TOWARDS 

SUSTAINABILITY  

Konopa and Calabro (1971) (as cited in Singh, 2004), define the marketing concept as ‘the external 

consumer orientation as opposed to internal orientation around the production function; profit goals 

as an alternative to sales goals; and complete integration of organisational and operational efforts (p. 

10)’. Market orientation has become synonymous with customer orientation and ‘market orientation 

demands a market consciousness that goes beyond normal functions and encompasses the whole 

organization. This means a clear understanding of customer needs, good leadership, an appropriate 

culture and a clear awareness of the external environment (Singh, 2004, p. 13)’. In simplest form, a 

purely production-oriented company has the logic of ‘we sell what we can produce’, whereas, in a 

marketing-oriented company, the logic is ‘we produce what we can sell’.  

In production-oriented companies, decisions on product development are determined mainly in 

relation to the engineering capabilities and cost criteria (Keith, 1960). Quality is perceived as the 

main customer demand and competitive strategy is based on cost reduction and quality 

improvement.   

In marketing-oriented companies, the whole focus is on customer demands (Konopa & Calabro, 

1971, as cited in Singh, 2004). Marketing departments carry out consumer-focused market research, 

identify market specific customer demands and provide feedback to product development teams. In 

purely marketing-oriented companies, the marketing department provides the main input in 

decision-making for the characteristics of the product to be developed. The marketing department 

also identifies potential new markets for the company, researches market characteristics and 

develops identified new markets through extensive communication with the consumers.  
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In general, these strategic orientations and roles co-exist in contemporary companies producing end-

user products (Shapiro, 1977). The dominance of a specific strategic function over others is 

dependent on the company culture, historical development and competitors’ strategic orientation. 

However, Shapiro (1977) points out the importance of decreasing conflicts and increasing co-

operation between production and marketing functions for company success while utilising both 

functions to the highest extent within their roles.  

Jaworski and Kohli (1993) carried out empirical research covering 102 companies in the USA to test 

several hypotheses regarding antecedents and consequences of a market orientation. Their findings 

suggested that ‘the market orientation of a business is an important determinant of its performance, 

regardless of the market turbulence, competitive intensity, or the technological turbulence of the 

environment in which it operates (p.64)’. Stone and Wakefield (2000) defined eco-orientation as an 

extension of market orientation and concluded that firms responsive to eco-oriented issues have 

better business performance in the market place since both purchasing agents and consumers are 

able to differentiate between ecologically oriented and non-ecologically oriented suppliers. 

Therefore, it is important for a company to identify present and future market trends related to 

sustainability issues for these are and will be translated into consumer preference either directly or 

through legislative measures. 

In general, market orientation gives companies the opportunity to understand consumer demand 

with an intense focus on consumer needs. In companies with well-established marketing 

departments, it is more likely that the environmental and social considerations, which influence 

consumer preferences, will be incorporated in product development. These companies will be taking 

socio-cultural trends, which have implications for consumer preferences, into consideration. 

Nevertheless, a solely market-focused sustainability-orientation has the following weaknesses: 

 it can only identify sustainability issues when they are evident in market trends, causing a 

possible delay in necessary action; 

 it cannot inform the needed radical innovations as these fall beyond consumers’ imaginations 

and demands, and; 

 market trends are only one of the several risk factors, and therefore, only one of the drivers 

which influence companies’ sustainability performance.     

On the other hand, a strategic orientation focusing mainly on production function may result in:  

 being short-sighted about market dynamics which becomes more significant when the longest 

business planning period (five years) cannot cover the delivery time (design, development, 
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production and launch) for products having major innovation content  (approximately ten years, 

see for example,  Lynn, Morone & Paulson, 1996; Veryzer Jr., 1998; Abetti, 2000);  

 designing and developing products without having sufficient understanding of consumer 

preferences, thus putting the company at significant risk of ‘misreading’ the market, and; 

 focusing only on cost reduction and quality as the competition ground and disregarding other 

issues which influence the competitive edge such as consumer expectations for social and 

environmental performances of companies. 

From the analysis above, it is evident that, in order to be successful as a business while adopting 

sustainability as a strategic priority, it is important to be aware of the current market and possible 

near future market changes as well as to have an approach accommodating an innovative capacity in 

the organisation to address the necessary societal transformation. This requires converging short-

term goals with longer-term aspirations.  

It was stated earlier in this chapter that system innovation for sustainability poses a unique challenge 

for established companies since these companies have to continue regular business practices within 

their existing regime while running a shadow-track strategy to develop niche innovations which will 

enable taking part in the creation of and shifting to another socio-technical regime. For start-up 

companies, the situation is different. These companies have the opportunity to build their business 

from the very beginning to address sustainability issues. Established or start-up, any company 

genuinely willing to undertake sustainability issues on board need to be future oriented. 

5.6. A CRITICAL REVIEW OF EXISTING TOOLS AND APPROACHES 

5.6.1. LEGISLATION 

Legislative measures play a major role in directing industrial activities towards environmental 

improvements. Generally, the first steps taken by companies in relation to sustainability are due to 

regulatory requirements. According to the results of a research carried out by Cleff and Rennings 

(1999) to investigate determinants of innovative behaviour in companies, compliance with existing 

legislation is the top driver for environmental innovations. They make a distinction between product 

and process innovations and state that the influence of market goals is significant for product 

innovations but, for process innovations, environmental regulations are determinant.  
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There is an observable trend towards integration of relevant policies, such as innovation policy, 

education policy and consumer policy, with environmental policies. This is most significant in the 

European Union (EU), which emphasised integration of requirements of sustainable development 

into policy making in all areas as a fundamental goal through the Treaty of Amsterdam (EU, 1997). 

Not only in the EU but worldwide, end-of-pipe pollution reduction/prevention-oriented early 

legislation, which is effective only during manufacturing phase, is being supported by product and 

producer responsibility-oriented policies. These policies have an integrated approach covering all life 

phases of products. Producer responsibility issues, which generally require producers to be 

responsible for the impacts of their products throughout the whole life-cycle from raw material 

extraction to final disposal covering reuse/recycle phases, render environmental/ sustainability 

measures to be considered at very early stages of product development and bring design 

improvements. Among these policies, EU’s Integrated Product Policy (IPP) (European Council (EC), 

2001; 2003a) which gave birth to Ecodesign of Energy Using Products (EuP) (EC, 2005) and Restriction 

of Hazardous Substances (RoHS) (EC, 2003b) can be counted. Similar policies are being adopted in 

other countries (see, for example, Economy Trade and Industry Ministry of Japan (1991) for Japan; 

California State Senate (2003) for California, USA; Ministry for the Environment (MfE) (2004, 2005) 

for New Zealand; Grace Compliance Specialist LLC (2006) for China). 

5.6.2. VOLUNTARY INITIATIVES 

Voluntary initiatives are policy instruments, which are undertaken by the industry without the 

presence of mandated provisions. These initiatives generally are closely linked with economic 

incentives. The benefits of these economic incentives may be direct and prompt, e.g. energy and/or 

material savings, or may be indirect, e.g. protecting/influencing brand recognition, or both. In some 

cases, where sustainability is already embedded in the company culture, the company may adopt 

and implement some practices without economics being the primary driver. Nevertheless, this does 

not imply that such companies would carry out those practices where there is no economic gain.    

Paton (2000) groups voluntary environmental initiatives under four categories: unilateral initiatives, 

private codes, voluntary challenges and negotiated agreements. Unilateral initiatives are activities 

undertaken within a single firm as a means to improve environmental performance. Private codes 

are initiatives by industry associations, non-governmental organisations and standards organisations. 

Voluntary challenges are government sponsored programs and negotiated agreements are those 

reached between government and industry.  
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Among unilateral initiatives, environmental management systems (EMS) act as an umbrella under 

which all of a company’s relevant activities are determined and managed. Companies adopt EMS 

either as a competition tool or due to commitment to environmental improvements or as a 

combination of both. Johnstone, Scapecchi, Ytterhus and Wolff (2004), following a survey carried out 

among 2000 European firms, concluded that  ‘the introduction of environmental management 

systems and the integration of environmental management with general management strategies are 

key determinants of firms’ propensities to undertake technical measures which reduce 

environmental impacts (p. 705)’. Nevertheless, it has not been proven that companies implementing 

a formalised standard perform better than those which do not have any formalised EMS (Freimann & 

Walther, 2001). Annandale, Morrison-Saunders and Bouma (2004), following an empirical study they 

carried out in Western Australia with 40 companies, concluded that stakeholder pressure has greater 

influence on environmental performance than EMS. Kautto (2006) undertook an empirical survey 

investigating the relationship between EMS and environmentally improved product development in 

companies and concluded that the link between EMS and product development was either very weak 

or completely missing. The commitment to improvement at the managerial level is a key 

determinant for effective implementation of EMS. Even though effective and committed 

implementation of EMS has the potential to bring significant improvements in the environmental 

performance of the companies, it is not sufficient to move the companies towards sustainability. 

EMS focuses only on the ecological impacts of companies and operates within a weak sustainability 

context. 

5.6.3. PRODUCT AND PROCESS CENTRED APPROACHES 

As more businesses shift towards environmentally and socially responsible practices, consumer 

awareness increases and legislation world-wide becomes more stringent, environmental and social 

considerations have been incorporated into default product design criteria along with conventional 

ones like profitability, functionality, aesthetics, ergonomics, etc (Shahbazpour & Seidel, 2006). The 

process-centred approaches are pushed to some extent by well-developed end-of-pipe emission 

prevention/reduction legislation. However, there is no legislative requirement enforcing the 

adoption of product-centred approaches except the EU’s EuP Directive (EC, 2005) which mandates a 

life-cycle approach in product development. In general, product-centred approaches are undertaken 

by the industry as voluntary initiatives at the moment. But, due to the current shift towards 

product/producer centred legislation development, it is likely that, in the short to medium term, 

more countries will adopt legislation mandating product-centred approaches. 
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Product and process approaches can be grouped under three topics: process-centred approaches, 

product-centred approaches and assessment tools/methods. Assessment tools/methods applies to 

both process- and product-centred approaches and can be used either before or after an 

implementation. Table 6 shows the main categories under these three topics. 

Table 6. Product and process-centred approaches and assessment methods 

Process-Centred Product-Centred Assessment 

Pollution Prevention (PP) Design for Environment (DfE) Life-Cycle Assessment (LCA)  
Clean(er) Production (CP) Design for Sustainability (DfS) Eco-efficiency (EE) 
Industrial Ecology (IE) The Natural Step (TNS) Ecological Footprinting (EF) 

 

PP is the earliest of these approaches adopted by industry for environmental protection. It aims for 

waste and emissions prevention/reduction/minimisation and initially and generally implements 

legislative provisions. More information on PP can be found in Bishop (2000) and Farthing, Marshall 

and Kellett (2003).  

CP aim for resource efficiency, ecosystem protection and preventive environmental management 

(Jackson, 1993). IE, as its name implies, adopts a systemic approach towards industrial activities and 

makes use of the analogy of industry being a system of organisms (as in an ecosystem) where one 

company’s waste becomes another’s resource (e.g. Socolow, 1994; Graedel & Allenby, 1995; Cohen-

Rosenthal & Musnikow, 2003; Green & Randles, 2006). Both CP and IE focus only on environmental 

impacts and have no reference to social issues. These approaches use either LCA or EE for 

assessment purposes. Despite the potential of bringing environmental and economic improvements, 

neither CP nor IE are sufficient to achieve sustainability on their own.  

The difference between DfE and DfS is that DfE is concerned only with improving environmental 

performance while in DfS, in addition to environmental performance, there is also a concern about 

social performance. In both DfE and DfS related literature, there are a multiplicity of proposed and 

implemented tools and methods (e.g. Fiksel, 1996; Graedel and Allenby, 1996; Abele, Anderl & 

Birkhofer, 2005). The most widely known of these tools and methods are eco-design (ED), product-

service systems (PSS), design for the bottom-of-pyramid (DfBoP), biomimicry (BM), and cradle-to-

cradle design (CTC). Table 7 shows the basic design principle of these tools/methods along with 

major references. 



84 
 

Table 7. DfE, DfS  tools/methods 

Design Approach Design Principle Major References 

ED 
decreasing overall environmental 
impacts of products through a  life-
cycle approach 

Brezet and van Hemel (1997) 
Charter and Tischner (2001) 
Wimmer, Züst and Lee (2004) 

PSS 
dematerialization through function 
fulfilment via combinations of tangible 
products and intangible services 

Goedkoop, van Helen, te Riele and 
Rommens (1999) 
Mont (2000) 
Tukker and Tischner (2006) 

DfBoP 
improving quality of life in developing 
and under-developed communities 

Charter and Tischner (2001) 
Crul and Diehl (2006) 

BM 
imitating biological/natural processes 
and principles in design 

Benyus (2002) 

CTC 

closing the loop by aiming at waste 
from one product to be input either 
for another technological or biological 
cycle 

McDonough and Braungart (2001) 

ED is probably going to be the most widely adopted approach by companies since the EuP Directive 

(EC, 2005) mandates its implementation along with LCA by companies marketing energy using 

products in the EU. The strength of ED lies in its emphasis on the whole life-cycle phases of products. 

ED might shift companies’ business priorities towards inclusion of environmental concerns and 

adoption of ED principles in default design criteria. Nevertheless, from a sustainability perspective, 

ED can only bring environmental improvements. In addition, it is hard to judge the potential of ED to 

push innovation towards the system level. Among the above mentioned design approaches, PSS falls 

into a special category, referred to as function (or functional) innovation in eco-design terminology 

(Brezet, 1997; Halila & Hörte, 2006). This category generally constitutes a transition between product 

focus and system focus. PSS applications not only challenge existing product concepts and 

consumption patterns through alternative ways of function fulfilment but give way to different 

models of businesses or stakeholder collaboration (Anderson, 1997; Van der Zwan & Bhamra, 2003; 

Williams, 2007; Keskin et al., 2008). However, even though PSS corresponds to the third level of 

innovation for sustainability (Brezet, 1997, Section 3.7), there is a tendency to confuse PSS 

innovation with system innovation. There are only few studies considering PSS in the context of 

system level innovation (for example, see, Keskin, Brezet & Diehl, 2009). 

Even though both CTC and BM challenge the status quo through using cyclic or systemic analogies 

from nature in design, they fail to have the strength of PSS in moving towards system innovation 

since neither CTC nor BM challenge consumption patterns but demonstrate an almost naïve 

technological optimism. The DfBoP approach has been beneficial for developing or underdeveloped 

communities to meet their immediate communication, sanitation and shelter needs through, most of 
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the times, providing these communities with appropriate technologies (some case studies can be 

found in Crul & Diehl, 2006). However, as a business strategy, initiatives so far have not helped 

alleviation of poverty or development in those communities but exploited them as new markets to 

sell products (Simanis, Hart & Duke, 2008).    

LCA is used to assess the environmental impacts of both products and processes throughout their all 

life stages (Graedel, 1998). Despite the methodological imperfections (e.g, Herrchen, Keller, & Arenz, 

1997; Krozer & Vis, 1998; De Udo Haes, Heijungs, Suh, & Huppes, 2004), LCA is the most 

comprehensive tool to assess environmental impact of products even during the development phase. 

Even though LCA is traditionally focused on the environmental dimension of sustainability, attempts 

have been made to incorporate economic and social dimensions (De Udo Haes et al., 2004). LCA does 

not assess the sustainability of a product but it can provide a detailed assessment of the impacts 

products have on environment. With the addition of social and economic dimensions, LCA also has 

the potential to assess impacts on these areas as well to inform decision making for improvements. 

Incorporation of social aspects into LCA is a very recent debate and still at an immature level (e.g. 

Norris, 2006; Jørgensen, Le Bocq, Nazarkina & Hauschild, 2008). Up until very recently, it was not 

clear if this incorporation will result in integrated or separate assessments of environmental and 

social aspects. In the first half of 2009, a set of guidelines for social life cycle assessment of products 

was published under the life-cycle initiative of UNEP (UNEP, 2009a). This document established a 

map, a skeleton, and a technical framework for the assessment of social impacts of products 

throughout its life-cycle. According to the framework outlined in this document, social LCA can be 

undertaken separately or in combination with LCA but is a stand-alone assessment approach and not 

methodologically integrated into LCA.      

EE was first defined by the WBCSD in 1991 and, since then, the WBCSD has promoted the concept as 

a business tool for sustainability. In simple terms, it is defined as ‘creating more value with less 

impact (WBCSD, 2000, p. 9)’. In more tangible terms, EE is decreasing the resource input and 

emissions output per unit of production. EE has become very popular in industry due to the potential 

of linking business priorities with environmental considerations (e.g. Cramer & van Lochem, 2001). 

Nevertheless, the EE approach has problems similar to those associated with LCA,  including selection 

of impact categories, drawing meaningful system boundaries and dealing only with environmental 

(and economical) improvements (Ehrenfeld, 2005). In addition, in the long term, growth, even 

though eco-efficient, will still exceed Earth’s limits as population growth and consumption continues 

to increase (Jansen, 2003; Huesemann, 2004).  
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EF is a tool used to calculate, for a designated population, ‘the area of productive land and water 

ecosystems required to produce the resources that the population consumes and assimilate the 

wastes that the population produces, wherever on Earth the land and water is located (Rees, 2000, p. 

371)’. EF is mainly aimed at and suitable for macro scale national or regional assessments rather than 

individual products or facilities (Luo, Wirojanagud, & Caudill, 2001). The examples of the tool being 

used as an assessment tool for products or production systems are very few (Luo et al., 2001; 

Thomassen, & De Boer, 2005; Frey, Harrison, & Billett, 2006). EF is an effective tool for providing an 

overview of a product’s consumption and it is complementary to other assessment tools such as LCA 

by making LCA results visible through a single indicator (Frey, Harrison, & Billett, 2000). Nevertheless, 

EF has limited applicability for product sustainability because: 

 It focuses on ecological aspects and does not take into account economic and social issues; 

 It provides a single indicator which, despite being easy to understand, does not give detailed 

information about environmental impacts through all life-cycle phases;  

 Due to the limited nature of providing a single indicator, it does not give clear direction about 

what kinds of improvements are needed to a product, and; 

 It cannot measure some forms of consumption, such as metals, nor does it have an ability to 

effectively include pollution or environmental degradation. 

All of the above mentioned tools and approaches are generally used in conjunction with each other 

in the industrial system. CP and IE make use of PP principles. LCA and EE facilitate decision making in 

DfE/S. CP and EE acts as part of DfE/S methodologies. Both process-centred and product-centred 

approaches in collaboration with assessment tools have the potential to improve the sustainability of 

industry. Nevertheless, they are derived from and designed within the existing technology 

development paradigm. Even the largest extent of improvement they promise is limited to 

incremental innovations since they are based on present applications. Given the urgent need of 

radical changes in production and consumption patterns, even full company commitment to one or 

more of these approaches will not provide sustainable solutions. Their starting point is existing 

‘unsustainability’. Therefore, they can only provide ‘less unsustainable’ solutions rather than 

‘sustainable’ ones. Their internal integration among themselves and external integration with 

institutional and organisational arrangements may facilitate sustainable industrial production only if 

they aim for sustainability rather than decreasing current unsustainability. The main flaw with all of 

these approaches is that they fail to ask the fundamental question of ‘what is necessary to become 

sustainable’. These approaches remain generic rather than examining the system specific issues since 

sustainability is a system property, and therefore, time and space dependent.    
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Contrary to the above-mentioned approaches, TNS approach starts from an aspirational sustainable 

state to inform current decision making. TNS is defined by TNS (2000) as ‘a methodology for 

successful organizational planning (p. 1)’ and is basically a principles based approach to sustainability 

within an industrial context. TNS Framework’s major argument for its validity and strength is that it is 

grounded on the basic science underlying the earth’s systems (TNS, 2006). The principles of TNS are: 

In a sustainable society, nature is not subject to systematically increasing: 
1. concentrations of substances extracted from the earth's crust, 
2. concentrations of substances produced by society; 
3. degradation by physical means; 
and, in that society. . . 
4. human needs are met worldwide. (TNS, 2000, p. 8) 

Three of these four system conditions stem from the Laws of Thermodynamics and the fourth one is 

the complementary social content. Prioritisation of nature in these conditions is aligned with strong 

sustainability model as a positive aspect. However, ‘[they] reflect a simplified material accumulation 

model that is not designed to account for ecological, let alone socio-economic complexity (Upham, 

1999, p.93)’. Therefore, they are far from providing any operational value to address the complexity 

of the industrial subsystem and its relation to the wider social and environmental systems. As it is a 

principles-based approach lacking complexity, TNS Framework assumes the presence of a not-yet-

defined sustainability state. The criticism about principles based sustainability assessments (see 

Chapter 2 Section 2.5 for details) applies to TNS framework as well. Upham (1999) states that the risk 

assessment aspect in TNS Framework is in place to support its system’s conditions which are 

formulated without reference to critical threshold limits. Therefore it is not providing enough 

environmental protection. In addition, the fourth system condition on human needs is deliberately 

vague, most probably due to its being the most challenging requirement when present global socio-

economic conditions, within which industrial production takes place, are considered. It also reflects 

the primary environmental nature of this approach. Therefore, TNS cannot be relied on as a 

sustainability framework in product development. However, TNS Framework provides basic but still 

undoubtedly valuable, educational material, which may be useful in influencing the mind-set change 

necessary for achieving sustainability. Even if it cannot change the fundamentals of the well-

established, neo-classical business mind-set, it can and does initiate change by enabling the 

companies to relate their activities to environmental impacts (Upham, 1999). TNS can guide 

managerial practices only for the short term to initiate the first steps to be taken of a long journey 

but cannot guide a company through continuous internal change over the medium and long term. 

There has been a significant increase in publications addressing system innovation in the product 

design/development context in the recent years (Ryan, 2008a; Tukker et al., 2008). Echoing this 
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growing literature, several tools and methods have been developed with promising attributes to 

address sustainability issues in innovation. However; they fall short in one or more of the below 

requirements: 

 A state-of-the-art understanding of system innovation theory; 

 Incorporating a state-of-the-art understanding of sustainability science; 

 Effectively linking present to a radically different future; 

 Simultaneously leveraging technological and behavioural changes; 

 Effectively and systemically linking large scale (society) to small scale (product development 

teams), and; 

 Challenging the current business mind-set to enable transformation. 

One of these recent developments is a method called ‘Technology Front End’. Technology front end 

method addresses the needs of start-up companies developing innovative technologies and 

addressing sustainability (Van Onselen, Lauche, Silvester & Veefkind, 2007). This method combines 

technology-push and market-pull approaches for development of new products addressing 

sustainability issues. The method aims to aid start-up companies through the process of idea 

conception, development and commercialisation. Technology front end method is a valuable method 

from the perspective of new product development since it enables identification of potentially 

successful product-market combinations. However, in explanations of this method, it is not clear how 

sustainability issues were addressed. Initially, the method was developed to identify successful 

product-market combinations for photovoltaic technology (Van Onselen, 2006). Therefore, the 

method was developed to promote a technology already acknowledged as sustainable rather than 

identifying the present unsustainable technologies and trying to replace them with sustainable ones. 

Even though the developer of the method provided a list of eco-innovation tools which can be used 

in implementing the method (Van Onselen, 2006, p. 29), she stated that these tools were not used 

during the case study (p. 78) and therefore these tools were not evaluated in the context of the 

method. Therefore, the technology front end method has a strength in aiding in niche development 

and thus in initiation of radical innovation, but it is weak in demonstrating a state-of-the-art 

understanding of sustainability and linking present to a radically different future. 

5.7. SUMMARY OF FINDINGS AND INSIGHTS GATHERED IN THIS CHAPTER 

This chapter provided a review of the literature on the role of industry in achieving sustainability, the 

drivers and barriers for the industry to adopt sustainability as a strategic priority, the relevance and 

implications of sustainability risks for the industry and the role of strategic orientations in achieving 
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sustainability. Finally, existing tools and approaches to help the industry towards achieving 

sustainability were critically reviewed. The key findings of and insights gathered in this chapter are:  

 Industry is strictly subject to the irreversible hierarchy of the strong sustainability model; 

 Businesses are agents of change towards sustainability and they play a variety of roles including 

development of new technologies and practices, promoting sustainability in up- and 

downstream chains, promotion of sustainable consumption, influencing changes in the 

economic and legal incentives which shape both production and consumption patterns, and 

influencing changes in the values and discourse which shape the culture of business, 

government, media and public; 

 There are both drivers and barriers for the industry to move towards sustainability at 

institutional, social/cultural, organisational and technological levels. The drivers cited in the 

literature cover legislative and regulatory requirements, consumer and stakeholder 

demand/pressure, remaining competitive, protecting company reputation and legitimacy, 

financial gains, and, limits and challenges imposed by the biophysical environment on the 

production/consumption system. The barriers cover the dominant economic paradigm, lack of 

policy context for radical innovation, the prevailing consumption culture, lack of lead markets 

for niche technologies, organisational inertia and lack of commitment at managerial level, 

company values not aligned with sustainability, the need for long-term orientation, return rate 

of investment, both perceived and real costs associated with sustainability initiatives, lock-in 

effects of incumbent technologies, and lack of enabling technologies;   

 If the society fails or global environmental deterioration continues, the businesses cannot 

succeed and the risks threatening the society equally apply to the industry. The risks rising from 

sustainability related issues both pose threats to and provide opportunities for businesses. Some 

of the sustainability risks have profound significance for businesses. Among these risks are water 

scarcity, climate change, habitat change, biodiversity loss and invasive species, overexploitation 

of oceans, and nutrient overloading on the ecological side and population growth, ageing of 

population in developed countries, vulnerability of people to climate change, poverty, 

conditions of labour and, increased risk of social conflict and political instability in certain 

regions on the social side; 

 The sustainability of industries and companies will depend on their adaptive capability to tackle 

these challenges and the ability to foresee these challenges and implement strategic business 

planning accordingly will be the most important core capability in firms for future 

competitiveness; 
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 In order to be successful as a business while adopting sustainability as a strategic priority, it is 

important to be aware of the current market and possible near future market changes as well as 

to have an approach accommodating an innovative capacity in the organisation to address the 

necessary societal transformation. This requires converging short-term goals with longer-term 

aspirations; 

 The existing tools and approaches pulling/pushing industry towards sustainability can be 

grouped under legislative and regulatory requirements, voluntary initiatives and product and 

process centred approaches. The critical review carried out revealed that despite their 

advantages none of these tools and approaches is sufficiently helpful for industry to become 

sustainable. 
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6. THE THEORETICAL FRAMEWORK: SYSTEM INNOVATION FOR 

SUSTAINABILITY AT PRODUCT DEVELOPMENT LEVEL 

6.1. INTRODUCTION  

With Chapter 6 starts the second part of this research. The first part of this thesis reported a review 

of the literature relevant to innovation for sustainability. The specific areas covered include basics of 

sustainability science, theory of system innovation for sustainability, futures studies in the context of 

system innovation for sustainability and the relationship of industry to sustainability issues. As a 

result of this review two issues became evident: 1) The current theory of system innovation for 

sustainability does not provide any conceptual or operational models which address how innovation 

at micro-level (product development in companies) is linked to innovation at macro-level 

(transformation at societal level). Therefore, in order to achieve the objective of this research, a 

theory needed to be developed; 2) A system innovation for sustainability has not taken place yet. 

Therefore, there are no companies which undertook and achieved the task of developing 

products/services and strategies in the context of system innovation for sustainability. There were no 

real-life cases to study the experiences of for the purposes of developing a theory on how product 

development level can be linked to the societal-level long-term transformation which needs to take 

place to achieve sustainability. This meant that the theory needed to be developed by integrating 

and building on the theoretical, conceptual and empirical insights from different areas relevant to 

innovation and sustainability gathered as a result of reviewing the literature in these areas. This 

chapter presents the theoretical framework developed to explain how product development level 

relates to system innovation for sustainability.        

6.2. REFINING THE MULTI-LEVEL PERSPECTIVE ON SYSTEM INNOVATION 

The MLP is useful to understand how system innovations happen with a broad and dynamic 

perspective since the theory and the model is developed as a synthesis of different approaches in 

innovation theory emphasising on different drivers and/or agents of change (see Chapter 3, Section 

3.5). However, certain concepts MLP is based on require further exploration, clarification and 

reflection. Also, in order to use the MLP model to influence system innovation towards sustainability 

at product development level, the model needs to be refined. Refinement of the model is necessary 
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in terms of how system innovations are explained (i.e as a conceptual model) and how future system 

innovations towards sustainability are assumed to be influenced (i.e. as a normative model).  

6.2.1. CRITIQUE OF MLP AS A CONCEPTUAL MODEL 

Geels (2005a) proposed the concept of socio-technical regime in order to emphasise the interaction 

and meta-coordination of different regimes (e.g. science regime, policy regime, technological regime, 

socio-cultural regime) in system innovation. Nevertheless, both explanations of previous cases of 

system innovation (e.g. Geels, 2002b; 2005a) and scenarios developed for future sustainability 

transitions (e.g Hofman, Elzen & Geels, 2004; Geels, 2007; Verbong & Geels, 2007) focused on 

technology development. Other factors influencing system innovation were considered only when 

necessary to explain technological change. This techno-centricism might have risen as a result of the 

national/regional context (i.e. EU, mainly Netherlands) where the theory and model was developed 

in line with a technologically-optimistic, post-industrial and typically Western worldview. Therefore, 

for the objective and aims of this research and in order to render MLP usable in any context (not 

limited to EU), the concepts of system innovation, social function and socio-technical regime need 

further elaboration and reflection. 

System innovation may either consist of creation of a new system or transformation of an existing 

one (Kemp & Rotmans, 2005). System innovation indicates a radical change at the system level over 

time, i.e. a radical change in how the whole of the socio-technical system is organised compared to a 

previous state which can be labelled as the ‘initial state’ for the purposes of analysis (Loorbach & 

Rotmans, 2006). A radical change in how the whole of the socio-technical system is organised, 

however, does not indicate a radical change in all of the components constituting the socio-technical 

system. System innovation indicates novelty at the system level which can happen through multiple 

possible ways of organisation of socio-technical system components. Therefore, system innovation 

does not imply technological advancement per se but a new socio-technical organisation in which 

technological change is only one of the important formational components. Others include 

institutional, organisational and social/cultural change. In a systemic view, a new or different way of 

using an existing product may influence radical change within the socio-technical system. In addition, 

behavioural change is fundamental to system innovation since a sole focus on technological solutions 

(such as efficiency improvements) is associated with rebound effects (e.g. Binswanger, 2001; Throne-

Holst, Stø & Strandbakken, 2007). Technological advancement is not the only alternative to achieving 

sustainability; with references to contextuality of complex systems as well as sustainability 

requirements, appropriate technologies or even low-technology solutions can be a part of innovation 
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at system level and help in achieving sustainability in certain contexts. In support of this argument, 

United Nations Environment Programme (UNEP, 2003) puts emphasis on the requirement that 

technologies to be developed for sustainability should be compatible with the context, i.e. the 

society and environment, in which these technologies are going to be used. 

In MLP, the concept of socio-technical regime is not clearly defined. Neither is how socio-technical 

regimes relate to social functions clarified. Geels (2006) defines three levels of social functions; 

generic functions at the top (materials and energy supply), intermediary functions in the middle (e.g. 

business services, transport, communication) and end use functions at the bottom (e.g. housing, 

recreation, feeding, etc).  He points out that, regarding innovation for sustainability, only the top-

level functions have been addressed with little exception, even though the low-level functions are 

closer to consumption side which needs to be included in planning to avoid rebound effects. Since 

socio-technical regimes relate to the social functions fulfilled within them, they are generally labelled 

the same (e.g. energy regime to refer to the socio-technical configuration through which the social 

function of energy supply is fulfilled). In some cases a social function might be fulfilled in different 

ways. For example, mobility can be fulfilled through public transport, personal cars and other types 

of powered vehicles (e.g. motorbikes) and bikes. The different ways of fulfilling a social function 

might be combined as yet another way of fulfilling that function (e.g. joint use of personal cars and 

public transport) or compete with each other (e.g. petrol-powered cars, hybrid cars, and electric 

cars). In addition, all of these alternative ways of fulfilling a function, especially those functions at the 

end-use level are interdependent on the ways other social functions are fulfilled. Another factor 

complicating identification of socio-technical regimes, especially for the purposes of future planning, 

is that, due to interactions between regimes during system transitions two previously separate 

regimes might join together to form a single regime or a symbiotic relationship (e.g. Raven, 2007). 

Therefore, identifying a socio-technical regime is not as easy as identifying social functions.  

The conceptual background of MLP is CAS (Holtz, Brugnach & Pahl-Wostl, 2008). As discussed in 

Chapter 2 under Section 2.3 CAS consist of closely interacting components which mutually evolve 

over time and exhibit emergent behaviour. Holtz et al. (2008) consider regimes as CAS and state that 

a regime: 

comprises a coherent configuration of technological, institutional, economic, social, cognitive 
and physical elements and actors with individual goals, values and beliefs. A regime relates to 
one or several particular societal functions bearing on basic human needs. The expression, 
shaping and meeting of needs is an emergent feature of the interaction of many actors in the 
regime. The specific form of the regime is dynamically stable and not prescribed by external 
constraints but mainly shaped and maintained through the mutual adaptation and co-
evolution of its actors and elements (p. 629). 
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Based on their definition, Holtz et al. (2008) identify the following as a non-exhaustive, minimal list of 

criteria which should be met by socio-technical regimes: 

1. Purpose: regimes relate to social functions; 

2. Coherence: regime elements are closely interrelated; 

3. Stability: regimes are dynamically stable configurations; 

4. Non-guidance: regimes show emergent behaviour, and; 

5. Autonomy: regime dynamics are mostly shaped by internal processes.  

Holtz et al. (2008) give car-based mobility (in the context of Germany) as an example of regimes 

meeting these criteria. The social function of car-based mobility is to meet the need for mobility 

(purpose). The technological elements of the car-based mobility system (i.e. cars, streets, service 

stations, the kind of gas provided, etc.) are closely interrelated, the design of cars is not only 

determined by technological capabilities but also informed by user preferences, and, laws and 

legislation govern the use of cars (coherence). Even though there have been technological 

improvements and the number of cars per capita increased, no breakthrough change has taken place 

(dynamic stability). The interactions between the several diverse actors of the regime (i.e. car 

manufacturers, oil companies, car owners, associations, etc.) give way to emergent behaviour (non-

guidance). Finally, at the national level, the regime can be treated as autonomous, since at this level 

the regime dynamics are shaped mostly by internal processes (i.e.  laws/legislation governing car use 

are designed at national level, there is a prevailing certain attitude towards car-based mobility, 

manufacturers tailor their designs in line with the requirements of the national context, etc.)   

(autonomy).       

Konrad, Truffer & Voß (2008) propose to draw regime boundaries depending on the density and 

strength of couplings between the elements of socio-technical configurations in a way similar to the 

concept of delimitation used in systems theory. They define two types of couplings (i.e. functional 

and structural) and point out that these couplings may occur both within and across regimes. Cross-

regime couplings may give way to the following (mutually non-exclusive) types of interactions: 

 Interactions between regimes fulfilling a similar social function;  

 Interactions between regimes on the basis of complementary relations, and;  

 Interactions between regimes showing structural similarities. 

As a result, these interactions give way to the following two types of transformations: 

 Transformations on the basis of competitive relations, and; 

 Transformations on the basis of complementary relations. 
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Defining boundaries so that the socio-technical regime will be autonomous to a certain degree as 

proposed by Holtz et al. (2008) may be a reasonable approach. Yet, the impossibility of achieving this 

without compromising or overlooking certain alternative transition paths due to systemic 

interdependencies is evident in Konrad et al.’s (2008) framework. Furthermore, such boundary 

setting as proposed by Holtz et al. (2008) can only be done if social functions are assumed to be 

autonomous. This assumption might hold to a reasonably sufficient degree at generic-level and to a 

lesser degree at intermediary-level social functions but at end-use level functions interdependencies 

are so high that an assumption of autonomy does not hold at all. Therefore, in order to effectively 

manage system innovation, the interdependencies and dynamics between socio-technical regimes 

need to be acknowledged, especially at the end-use level functions.    

It is argued here that the lowest level of social functions defined by Geels (2006) as end-use functions 

demonstrates higher regime-interdependency than higher levels of social functions. Function 

definitions such as mobility, food, housing, health care etc. remain extremely generic compared to 

the richness of different functions falling under these categories and the multiplicity of ways fulfilling 

them. For the purposes of this research, if, as suggested by Geels (2006), there is a need to focus on 

these end-user functions, a more elaborate analysis of these low-level social functions is necessary. 

Previously, it was stated that social functions and socio-technical regimes are regarded as the same 

since socio-technical regimes relate to social functions. In addition, when there is a social function, 

there is inevitably a socio-technical regime of actors, institutions, rules etc. Therefore, the definition 

of a social function also defines the socio-technical regime associated with it.  

In order not to get lost in interdependencies, any analysis should focus on a central function/regime 

and the interdependencies and leverage points should be defined as they relate to this central 

function/regime. This way, the levels proposed by Geels (2006) for social functions apply to socio-

technical regimes and, thus, generic regimes, intermediary regimes and end-user regimes can be 

identified. As a result of this vertical hierarchy, lower-level regimes will be dependent on one or more 

of the higher level ones. In such a hierarchy, the changes in upper-level regimes are followed by 

changes in lower-level regimes. The range of possible alterations to these lower-level regimes will be 

dependent on the changes taking place in the upper-level regimes except in cases where lower-level 

regimes somehow manage to decouple themselves during the system transition.  

In addition to the hierarchical dependencies, there are also horizontal dependencies of different 

regimes even at the upper-most hierarchical levels. It is asserted here that any social function can be 

defined as a socio-technical regime and autonomy is not possible even at large and hierarchically 
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higher regimes. Figure 18 illustrates horizontal and hierarchical dependencies focusing on the 

laundry regime (as it is in developed country contexts) as an example. 

 
Figure 18. Regime dependencies relevant to laundry as a social function 

In developed country contexts the laundry is done by households using washing machines. Clothes 

dryers may also be used to dry the clothes. The machines in most of the cases are privately owned by 

the household and used at home. In some cases, a group of households may share machines 

allocated to their use in a common laundry area such as a laundry room in a building. In other cases, 

people share the machines in commercially owned laundries (known as laundrettes, laundromats or 

washaterias in different countries). In any of these cases, the washing machines use water and power 

and dryers use power to operate. The clothes are washed by putting them in the washing machines 

and adding chemicals like detergents, soap, bleach, and fabric softener which are then disposed into 

the sewerage system along with the water they are mixed with. The washing machines and dryers 

are developed and produced by appliance manufacturers. In the manufacturing of these machines, 

several different components made of several different materials are used. The main materials used 

are steel, different types of plastic, and glass along with some electronic components such as printed 

circuit boards. Therefore, the main actors of the laundry regime are the manufacturers of washing 

machines and dryers, industrial associations, users and the regulatory bodies governing the 

manufacturing and use of the machines. The laundry regime has interdependencies with several 

other regimes both horizontally and vertically (i.e. hierarchical).  
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The laundry regime has vertical (hierarchical) interdependencies with the energy regime, the 

transport (freight) regime, the urban water supply and disposal regime, the materials regime, and the 

solid waste disposal regime. The energy regime overlies every regime covered by manufacturing 

industry since manufacturing is dependent on energy both for production and distribution of 

products. The dependency of energy-using devices on the energy regime is higher than products that 

do not consume energy during the use phase. Thus, the laundry regime (in developed country 

contexts) is highly dependent on the energy regime, both during manufacturing and use phases. 

Similarly, any product (contrary to services) is dependent on the materials regime. Therefore, the 

developments in material technologies are also relevant to regime analysis for the appliances sector, 

and thus, for the laundry regime. The policies and infrastructure framing the urban water 

distribution/disposal regime influence and are influenced by the design decisions related to water 

use by the laundry products. Freight constitutes another regime influencing design decisions, 

especially in relation to packaging. The regimes which have horizontal dependencies with the laundry 

regime are the clothing regime and the detergent regime. These three regimes enable, normalise and 

mutually determine each other in the current situation. The detergent regime enables the laundry 

regime which is still mainly based on water activated surfactant cleaning technology. Similarly, the 

current clothing regime requires cleaning of garment which normalises the laundry regime.  

These horizontal dependencies may break if a cleaning technology is developed which does not use 

water and/or detergent, or, for example, a self-cleaning textile is invented. The dependency of the 

laundry regime on the energy regime is harder to break and only possible if a cleaning technology 

which does not use energy was in place. There are some cleaning technologies which do not use fuel 

energy (e.g. hand washing using a washboard or by pounding clothes on a rock) but these are not 

socio-culturally acceptable technologies anymore in the developed country contexts. Nevertheless, 

the energy regime would be irrelevant to the analysis if energy was being supplied from 100 percent 

renewable resources and the power generation was equal to or greater than consumption; i.e. 

sufficient to meet all demands.  

Considering and involving these regime dependencies into analysis of the subject regime (i.e. the 

regime in focus) is crucial for providing a broad perspective on the potential for breakthrough 

innovation since development and management of any niche will require presence of enabling 

technologies (as well as other components of a socio-technical regime such as enabling policies, 

regulations, investment/finance and market conditions). These enabling technologies can be 

established or niche-level technologies within established or emerging socio-technical regimes. 

Considering the internal dynamics of socio-technical regimes as well as the interdependencies and 
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dynamic interactions between these regimes, it is understood that managing the change which has 

to take place in the socio-technical system to achieve sustainability requires effectively dealing with 

the complexity of it. In order to acknowledge and to simplify this complexity to enable dealing with it 

at product development level, it is appropriate to analyse any social function as a socio-technical 

regime and to consider the interdependencies between the function/regime of focus. This approach 

provides the advantage of a systemic view.  Adopting such a systemic approach in product 

development will potentially enable directing efforts in a way to favour preferable ways of fulfilling a 

function among two competing options and/or use joint solutions better if collaborative use of two 

means provides more preferable solutions than utilising only one option.    

In addition to regime dependencies, socio-cultural values and practices increase the complexity and 

thus increase the difficulty of analysing and, more so, transforming regimes. Again in the example of 

laundry, Shove (2003) points out that, in addition to design of washing machines and developments 

in textiles and detergents, gender relations, values of hygiene and cleanliness, and expectations of 

comfort and convenience are important characteristics of the regime. These sociological aspects are 

less manageable within an analysis approach focusing solely on technological change yet are very 

important in creating markets for yet-to-be-developed technologies. The necessity to consider 

sociological aspects also challenges the autonomous regime concept since socio-cultural aspects of a 

socio-technical regime underlie other regimes as well. The socio-cultural aspects shared by different 

socio-technical regimes increase the regime dependencies.  

6.2.2. CRITIQUE OF MLP AS A NORMATIVE MODEL 

The MLP model was developed through analysing historical cases. This has certain implications which 

require acknowledgement. First, in analysing historical cases, the sequence of developments is easy 

to follow and major causal influences are evident. Therefore, through hindsight, the underlying 

dynamics of system innovation can easily be explained. In inquiring into future possible system 

innovations, however, the model remains insufficient since it does not take surprise and uncertainty 

(both of which result from emergent properties of evolving complex systems) into consideration as 

factors influencing change in socio-technical systems. The shortfall of the MLP model in accounting 

for surprise and uncertainty can be explained in relation to the techno-centric readings of past cases. 

Invention of technologies may come about as surprises; however, their development and diffusion 

generally require time. Therefore, in retrospective analysis of cases, surprises can be explained with 

references to evolutionary dynamics since more is known about the past. Nevertheless, in inquiring 

into the future, the surprise factor becomes important and associated unpredictability increases the 
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complexity of managing system innovations towards sustainability. Swart et al. (2004) point to the 

insufficiency of conventional future inquiry methods to deal with disruptive change in interrelated 

social and natural complex systems. They state that the scientific uncertainties regarding 

sustainability issues are deep and may not be resolved. It is vital to acknowledge uncertainties and 

make them explicit in research output through what-if type approaches. A surprise, in the context of 

system innovation, might mean opening up of an unpredicted path as well as closing of all paths 

previously identified. Therefore, in using MLP for the specific purpose of managing system 

innovations towards sustainability, a surprise factor needs to be suitably incorporated in the model. 

The second implication of MLP being based on historical cases is related to the model’s implicit 

politics. The historical cases used in the development of MLP model were the transition from piston 

engine aircrafts to jetliners in American aviation which took place between 1926 and 1975; transition 

from sailing ships to steam ships in British oceanic transport which took place between 1780-1914; 

and the transition from horse-and-carriage to automobiles in American urban passenger transport 

which took place between 1860 and 1930 (Geels, 2002a; 2002b; 2005a). Geels (2002b), in his PhD 

thesis, discusses the influence of the time period covered by these historical cases on the outcomes 

of his analysis. He points out that the socio-technical configuration worked differently in 19th century 

than in 20th century and, therefore, at the level of mechanisms as well as of individual actors and 

social groups the dynamics were different. Yet, the MLP model reflects an aggregate level of analysis 

and, hence, the model holds for present technological transitions as well. It is acknowledged here 

that the model has extensive generic value which renders it usable for a current analysis or 

management of system innovation in general. Nevertheless, the model is representative of a growth-

oriented, liberal, economic paradigm in which scarcity is (mis)assumed to be observed in the market 

and the environment is seen as an endless resource and waste sink open for exploitation by our 

socio-technical system. Therefore, the MLP model, as it is, does not explain how system innovation 

for sustainability can be achieved.  

Geels (2005a) counts problems which are external to the system as one of the five circumstances 

that create windows of opportunity for the wide diffusion of novelties. According to him, 

environmental problems are among the examples of such negative externalities. Geels does not 

seem to be using the word externality strictly as used in economics; i.e. ‘Externalities are indirect 

effects of consumption or production activity, that is, effects on agents other than the originator of 

such activity which do not work through the price system (Laffont, 2008)’. He uses the term with a 

more daily meaning; i.e. ‘a secondary or unintended consequence (Externality, 2010)’.  Who pays the 

cost of these externalities, such as environmental problems, is not relevant to his point. What is 
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important is that these negative externalities are picked up and placed on the agenda of socio-

technical regimes by outsiders to the system. For example, environmental NGOs or public pressure 

groups may demand responsibility. Therefore, these externalities are not owned by the regime 

actors who caused them and ‘To get negative externalities on the technical agenda of firms and 

designers, there may be a need for consumer and political pressure, and regulatory measures (Geels, 

2005a, p. 91)’.  

Geels’ statement may be correct for some environmental problems which do not directly affect the 

innovation system, such as water management measures putting regulatory pressure on water use of 

the industry as a result of water quality requirements and/or water scarcity. Nevertheless, most of 

the environmental problems putting pressure on the innovation system are actually not external 

anymore. Even through the problems which rise during the entire life-cycle of products are still a 

burden mainly on the society, recent developments in relation to product and producer-centred 

policies (e.g. EuP (EC, 2005), IPP (EC, 2003a), RoHS (EC, 2003b) in the EU and product stewardship 

schemes in New Zealand (MfE, 2005; 2010)) increasingly put regulatory pressure on or encourage 

voluntary participation of manufacturers to undertake more responsibility. The unexpected 

consequences of industrial operations and production/consumption cycle are becoming more and 

more important on the agendas of companies and sustainability issues increasingly put the 

innovation system under pressure from within. Empirical research which took place in the past 

decade supports this claim. 

For example, based on a survey (using a sample of 159 companies in 1994 and 176 companies in 

1995 with 156 companies being observed in both years), Khanna and Anton (2002) concluded that 

the threat of environmental liabilities, high costs of compliance, market pressures, and public 

pressures on companies create incentives for adopting a more comprehensive environmental 

management system. More recently, MIT Sloan School of Management carried out a comprehensive 

research covering a global survey of more than 1500 corporate executives about their perspectives 

on the relationship between business and sustainability (Bernz et al., 2009). The findings of this 

research indicated that even though more than 70 percent of the respondents said that their 

company has not developed a clear case for business sustainability, 92 percent of the respondents 

said their company was addressing sustainability in some way.       

Therefore, there is a need to improve the MLP model in a way to render the influence of 

sustainability issues on the dynamics of the socio-technical system explicit. Konrad et al. (2008) 

recently attempted to address this need. They added environmental concerns and demographic 
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changes to the landscape dynamics in a very general way in their work analysing the ongoing 

transformations in German utility sectors to explore potential future developments towards more 

sustainable sector structures. Without considering environmental concerns and demographic 

changes as part of landscape developments, they would not be able to address the sustainability 

dimension in the transformation process. This work is an indication that, there is a room to improve 

the MLP model in a way to include sustainability issues as a default consideration in system 

innovation. 

In planning/managing system innovation for sustainability, the urgency of certain issues has to be 

considered in order not to cross the tipping points for the system. UNEP calls for responsible 

governance in the face of approaching critical thresholds and tipping points (UNEP, 2009b). A 

technology-centred system innovation perspective suggests that transition takes at least two 

generations or up to 50 years (e.g. Weaver et al., 2000; Jansen, 2003; Sandén, 2004). This time is 

required to invent, develop and diffuse radically new technological solutions. Nevertheless, 

behavioural change, which can be influenced through institutional and social/cultural innovations 

should be equally emphasised as technological solutions in order to increase the speed of overall 

system transformation. For example, findings of Shove (2003) regarding the values of cleanliness 

suggest, socio-cultural change might happen rapidly, sometimes even within the same generation. 

Therefore, for an effective management of regime transformation socio-cultural (i.e. behavioural) 

change needs to be taken into consideration as well as technological change both when analysing the 

current regime and when developing strategies to transform it.  

6.2.3. A REFINED MLP 

In the light of the critique provided above and in line with the objective of this research, some 

refinements are brought to the MLP model. In Section 6.2.1, it was stated that a socio-technical 

regime cannot be autonomous and there are horizontal and vertical (hierarchical) interdependencies 

between regimes. Both horizontal and vertical interdependencies influence the design of products 

and, to a certain extent, determine the development path of new technologies. The changes in 

associated regimes (i.e. the regimes which have interdependencies with the subject regime) need to 

be taken into consideration when aiming to steer system innovation. The regime interdependencies 

have been considered in previous studies in an implicit way (e.g. analysis of transport and taking into 

consideration what happens in the energy sector). Nevertheless, the regime interdependencies need 

to be represented explicitly in order to better understand and analyse the subject regime, and, be 

aware of the possible technology development paths in associated regimes which might influence 
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the subject regime.  Therefore, in order to refine the multi-level perspective on system innovation 

the first step is to incorporate the regime interdependencies into the MLP model. For this aim, an 

additional empirical layer is added to the model horizontally (Figure 19). 

 
Figure 19. Multi-level perspective refined through addition of a horizontal empirical layer to 
represent regime dependencies 

Previously it was stated that a risk approach to assessing sustainability is adopted in this research 

(see Section 2.5). The lack of explicit reference to sustainability risks in the MLP model was discussed 

as part of the critical review (see Section 6.2.2). Therefore, MLP needs to be improved in a way to 

incorporate sustainability risks and their influences on the subject regime. At this point, a clarification 

is needed about the terminology used in this thesis. Boyle’s (2004) ‘risk-to-sustainability’ approach 

(see Section 2.5) is generic. In order to use this approach, initially the system, sustainability of which 

is being considered, needs to be identified. Only then, the risks threatening the sustainability of this 

system can be specified. Similarly (referring back to Section 2.4 where operational time frame has 

been discussed), the term ‘long term’ is context specific as well and determined in line with the 

‘nominal-life span’ of the system of concern. In addition, (referring to Figure 5 under Section 2.4) 
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there is a continuum of hierarchically interdependent operational contexts to which the concept of 

sustainability can be applied.  

 

Therefore, the following two definitions are made here to bring clarity to the relationship and 

indicate the difference between over-arching generic risks and context specific risks, which are 

implications of generic risks on specific operational contexts: 

 Sustainability risks: These are overarching global risks posing threat to proper functioning of the 

society (e.g. climate change, peak oil, multi-state conflict, etc.). Sustainability risks also referred 

to as first-order risks, and; 

 Contextual risks: These are context dependent risks rising as a consequence of sustainability 

risks and pose threat to a specific operational context and/or sub-system (e.g. ecosystems, 

cities, industry, sectors, companies, etc.). Contextual risks are also referred to as second-order 

risks. 

The reason for this dual definition is to relate the smaller operational contexts to the larger ones in a 

transparent and systemic way. Once the sustainability risks are identified, the relevance of these risks 

to the specific operational context of concern (e.g. a specific ecosystem, an industrial sector, a 

company, policy development, urban planning, etc.) can be established and the implications of these 

sustainability risks on that context can be analysed. Through this elaboration, a context-specific 

mitigation strategy can be developed and needed expertise to implement this strategy can be 

identified. First order risks may have different implications to or require different mitigation/ 

adaptation measures from different operational contexts. In this research the focus is on product 

development teams of companies. Therefore, the contextual risks are those second-order risks (i.e. 

risks rising as a result of sustainability risks) which threaten the business of companies. Hereafter, 

these risks will be referred to as risks-to-business.   

In order to incorporate sustainability risks into the multi-level perspective on system innovation, first 

a risk model is developed. Then, this risk model is laid over the MLP model to complement it and to 

establish a risk-based MLP model. The risk model, similar to the multi-level innovation model, has 

three levels: the sustainability risks level, contextual risks (risks-to-business) level and the 

mitigation/adaptation measures level (see Figure 20). In the risk model, sustainability risks are 

accepted to be among landscape developments since these risks are long-term, deeply affecting the 

society and, cannot be changed by the actors in the short term. Sustainability risks put pressure on 

the socio-technical regime and give rise to contextual risks (i.e. risks-to-business in this research) 

within that regime. The risks-to-business may emerge from anywhere within the socio-technical 
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system, and therefore, they may be related to policy developments, market changes due to user 

preferences, socio-cultural changes affecting target market and/or user preferences as well as 

organisational values, etc. Similar to the socio-technical regime level in the original MLP model, risks-

to-business level in the risk model represents internal regime dynamics but those specifically caused 

by sustainability risks. In order to bring some structure to risks-to-business, the changes and related 

risks-to-business which may take place as a response to sustainability risks are grouped, with 

reference to Rennings’ (2000) classification of innovation, as institutional, socio-cultural, 

organisational and technological. 

 
Figure 20. The risk model 

The mitigation/adaptation measures correlate to the niche-level developments in the multi-level 

perspective on system innovation. The mitigation/adaptation measures include any required change 

in the socio-technical system to either mitigate or adapt to risks-to-business and, thus, to 

sustainability risks. Therefore, these measures should be either behavioural or technological or both. 

Behavioural measures cover all (i.e. managerial, administrative, economical, etc.) interventions which 

influence individual, organisational or community behaviour. The mitigation/adaptation measures 

level in this model provides a context for identifying, creating and developing solutions towards a 

breakthrough for system innovation. Identification of mitigation/adaption measures will help in 

strategic management of niches, i.e. in decision making regarding which niches to be created and 
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developed. In order to meet the mitigation/adaptation measures, both behavioural and 

technological changes may be required within the socio-technical system.   

Figure 21 shows the risk based MLP model developed by incorporation of the risk model to the MLP 

model. This risk model complements the MLP model by explicitly pointing out the risks at the upper 

levels and the solutions which are required to mitigate/adapt to these risks at the lowest level. The 

sustainability risks are represented at the same level of landscape developments. The risks-to-

business complement the analysis of the subject socio-technical regime. The risks-to-business should 

be identified in conjunction with the regime analysis since these can only be identified through an 

analysis of the socio-technical regime and its dynamics.  

 
Figure 21. Risk-based MLP model 

According to the risk-based MLP model sustainability risks are part of landscape developments and 

they put the socio-technical system under pressure from within. Sustainability risks influence change 

within the socio-technical regime, in institutional, social/cultural, organisational and wider 

technological components of the socio-technical system. These changes pose risks to business and 
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these risks will be mitigated by regime actors through creation and/or realisation of niches at the 

niche level. As these niches accumulate and new technologies develop, initially the socio-technical 

regime will change, mitigating the business risks. Then, the changes in socio-technical regime will 

influence landscape dynamics and mitigate sustainability risks which are represented at the 

landscape level. 

6.3. CO-EVOLUTIONARY DYNAMICS WITHIN THE SOCIO-TECHNICAL SYSTEM 

RELEVANT TO PRODUCT DEVELOPMENT  

As discussed previously, system innovation for sustainability requires not only technological 

innovation but also substantial changes at the institutional, social/cultural and organisational 

components of the socio-technical system. At higher levels of innovation, the socio-technical system 

component influencing technological change on a co-evolutionary basis broadens. Therefore, for a 

better understanding of influencing system innovation for sustainability at product development 

level, there is indeed a need for analysing the dynamics of co-evolutionary influence patterns 

relevant to product development within the socio-technical system. 

In general, society and technology shape each other on an ongoing and bilateral basis (Geels, 2005a, 

2005b). Institutional and social/cultural changes generally take place before and, consequently, 

influence organisational and technological changes (Freeman, 1992). In general, institutional and 

social/cultural changes are more fundamental and powerful than organisational and technological 

changes. For example, science and research policy determines the direction of investment and thus 

influences technological change along that direction. Similarly, international laws and agreements 

determine the characteristics of international trade unions. Societal norms and values determine, to 

a large extent, how social organisation is structured.  

Even though it is correct to state that institutional arrangements and social/cultural structures 

determine the direction of change in organisational and technological components in general, there 

are many exceptions to this as well especially in the large scale. An example is infrastructure as the 

technological foundation supporting society. Infrastructure lasts for a long time, most of the times 

longer than a century and in some cases for several centuries (e.g. Paris’ sewerage system dates back 

to 1370 (Sewers of Paris, 2001)). As a result, many of technological and social activities, as well as 

development of policies particularly those related to public health or transport, need to take the 

characteristics and capacity of the infrastructure into consideration. In addition to such exceptions, 

even in the non-exceptional cases where institutional and social/cultural changes come before and 



109 
 

influence organisational and technological changes, since change is continuous, in return, 

organisational and technological changes influence institutional and social/cultural changes. 

Therefore, it can be said that, chronologically there is a ‘semi-hierarchy’ of influence patterns; the 

term ‘semi-hierarchy’ is used to indicate that there is no strict rule about which comes first in the 

institutional-social/cultural and organisational-technological couples. Figure 22 shows some of the 

different elements of socio-technical system influencing technological change on a co-evolutionary 

basis. These elements are grouped under four types of socio-technical system component: 

institutional, social/cultural, organisational and technological. For example, user/consumer is a small-

scale, social/cultural-type element while infrastructure is a large-scale, technological-type element. 

The circular arrows in the figure indicate that the change is continuous and dynamic, and, every 

element influences each other. 

 
Figure 22. Co-evolutionary dynamics within the socio-technical system 

Despite the hardship associated with analysing the dynamics between different types of the socio-

technical system components, there are easily observable patterns between different scales of them. 

Complexity increases as the scale becomes larger. Consequently, as the scale gets larger, managing 

change becomes harder and the pace of change gets slower. Also, smaller scales of one type of socio-
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technical system component are hierarchically dependent on larger scales of the same type. For 

example, products are determined by the relevant technological regimes and the technological 

regimes are determined by the technology system. Similarly, change in the large scale of a particular 

type of socio-technical system component is likely to require change in smaller scales of the same 

type. Nevertheless, smaller scale socio-technical system components may or may not 

induce/influence change in the larger scales of the same component.  

Another aspect which is very relevant to system innovation is agency. Agency, as described by 

Giddens (1984), is the ability to act and influence change over the course of events. In the context of 

transforming socio-technical systems, agency ‘is the ability to intervene and alter the balance of 

selection pressures or adaptive capacity (Smith et al., 2005, p. 1503)’. Agency applies to 

organisational and social/cultural components of the socio-technical system. As the scale gets larger, 

agency of the socio-technical system component increases, but, organisation and management 

becomes harder. A community has more agency in influencing change than an individual. However, 

the organisation and decision/action processes undertaken by a community take longer than that of 

an individual. 

The analysis given above renders the underlying co-evolutionary dynamics transparent without any 

point of reference for planning. Therefore, it can aid in planning for system innovation at any level of 

social organisation. For example, this generic analysis is equally valid for a policy maker and a 

company manager. Nevertheless, due to different hierarchies and levels of agency, different socio-

technical system elements in organisational and social/cultural components of the socio-technical 

system can influence different elements and scales in the socio-technical system. Inevitably, the 

purpose of different entities that plan for system innovation will differ as will the specific planning 

and implementation tools. Moreover, it was concluded in Chapter 4 that it is impossible either to 

draw closed boundaries or to have an all-encompassing understanding of a system. In order to steer 

a large CAS -such as a socio-technical system- towards a desired future the best strategy seems to be 

focusing on a part of CAS, and thus, identifying a focal system to be worked on and acknowledging 

the interrelationships between that focal system and the rest of the CAS. Therefore, the specific 

socio-technical system component which will carry out this analysis should clearly define the purpose 

of such undertaking (e.g., policy development, curriculum development, product/service 

development etc.) and understand their agency and the temporal and spatial scale that they can 

influence and be influenced by. In the next section, a model, which is developed to link the co-

evolutionary dynamics within the socio-technical system and the time frames required for system 

innovation to the product development function in companies, is presented. 
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6.4. COMBINING LEVELS OF INNOVATION, CO-EVOLUTIONARY DYNAMICS AND 

TIME-FRAME  

The typology of levels of innovation for sustainability from the perspective of product development 

was introduced in Chapter 3 under Section 3.6 and the lack of theory and operational tools linking 

system innovation to product development in companies was highlighted. One particular challenge in 

linking activities of product development teams to system level innovation becomes evident when 

the socio-technical contexts of change required to be intervened at each level of innovation are 

considered (Figure 23). Towards the upper levels of innovation for sustainability, the complexity of 

the problem increases because the context of change required widens. At the first two levels, a 

company is a sufficient entity for analysis and action. However, towards upper levels the change 

requires the collaboration of many stakeholders, some of which are not recognised as stakeholders 

currently. For the system level innovation to take place there is a need for change at institutional 

level, i.e. at the very fundamentals of society including norms, values, socio-cultural practices, and 

the underlying assumptions of the economic system, as well as organisational and technological 

change. As a result, in planning for system innovation for sustainability, companies and product 

development teams face a challenge which is not comparable in scale to any previous challenges the 

industry has faced. On the one hand and in the short term, companies have to design/redesign 

products to meet immediate business priorities like decreasing the cost and time-to-market while 

assuring quality, market appeal, competitiveness, and compliance to ever-toughening legislation and 

standards. On the other hand, in addition to these generic and short-term business goals, they 

should develop new technologies in the medium and long term which will overcome the burden put 

by the prevailing production-consumption patterns on the environment and society. 
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Figure 23. The contexts of change in relation to levels of innovation for sustainability 

Another challenge in linking activities of product development teams to system innovation is related 

to the associated time frames. System innovation requires long-term planning (i.e. 50 years or more) 

due to the complexity embedded both in natural and social systems and the dynamic nature of 

sustainability requirements (Gaziulusoy et al., 2008). The time frames required for system innovation 

are far beyond the ones usually used by companies for planning (Jansen, 2003). Nevertheless, system 

innovation assumes that structural changes will take place in the socio-technical system including the 

major assumptions of the current economic system and the role and responsibilities of businesses 

within society. In addition, companies are important actors within the socio-technical regime and will 

have an important role in developing the technologies of the new system. Therefore, developing 

tools and methods which would enable active participation of companies through their business 

practices in planning for system innovation is necessary both in order to effectively implement any 

plan at policy level and to increase the adaptive capacity of individual companies with regards to the 

substantial change which will take place through the transition. A framework has to be established to 

portray the ways companies are and can further be related to system innovation, and issues needing 

to be solved should be identified and acknowledged in the tools and methods to be developed. 
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Figure 24. Temporal and spatial positioning of relevant types of innovation 

Referring back to the discussion about the operational time frames (see Section 2.4), as the 

operational context widens, the length of planning should extend in order to cover subsumed 

operational contexts and to connect them both spatially and temporally. In Chapter 3 under Section 

3.2, where the co-evolutionary characteristics of innovation for sustainability were discussed, it was 

stated that social and institutional innovations will influence organizational and technological 

innovations and then will be influenced by new organizational structures and technologies in a 

recurring manner. Therefore, based on a systemic hierarchy, society is the widest operational context 

relevant to system level innovation followed by the company and the product development team. 

Figure 24 temporally and spatially positions types of innovation relevant for different operational 

contexts subject to this research and relevant types of innovation based on the operational time 

frame model (Figure 5 in Chapter 2).  According to this positioning, institutional and social/cultural 

innovations should be subjected to the longest planning period followed by organizational and 

technological innovations. There will be feedback paths established from smaller-scale, shorter-term 

innovations informing both each other and innovations taking place at longer time spans and in 

wider operational contexts as the implementation progresses. 

Figure 25 combines the levels of innovation (Figure 11) and the different scales of socio-technical 

system components (Figure 22) in order to link system innovation to the activities of product 

development teams in a meaningful way. Since innovation is systemic and product development is 

indeed a component of another system, the activities taking place at the product development level 

has to be considered in the context of the company. Therefore, the product development function 

needs to be systemically positioned in the company, and the company needs to be systemically 

positioned in the society. In order to achieve this, the time frames applicable to the three operational 

contexts (i.e. society, company and product development) and the mechanisms of aligning the 
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activities of product development to the transformation which needs to take place in the wider 

society to achieve sustainability needs to be clarified.  

 
Figure 25. A model to link product development function to system level innovation 

As shown in Figure 25, the planning periods applicable to the levels of innovation can be defined as 

operational in the short term, strategic in the medium term and visionary in the long term. The short 

term used here covers ten years which is the longest business planning period for most companies. It 

is acknowledged that there are indeed shorter periods that businesses need to make decisions and 

take action within, such as daily, monthly or annual periods. In addition, product development cycles 

are getting shorter as the global competition increases and lean product development practices 

become more widespread. Nevertheless, it is empirically proven that as the complexity and 

innovative content of products increases the development cycle becomes longer (Griffin, 1997a, 

1997b). In cases of radical innovation, the technological and market uncertainties require longer 

learning periods, and therefore, more time needs to be invested (Herrmann, Gassmann & Eisert, 

2007). Case studies (e.g. Lynn et al., 1996; Veryzer Jr., 1998; Abetti, 2000) have shown that for radical 

innovations, time-to-market cycles as long as and sometimes longer than ten years is common.  
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Therefore, the period of ten years is literally the operational period for radically new product 

development and needs feedback from longer planning periods if we aim for a deliberation towards 

sustainability. The strategic period should shape the operational period through the setting of goals 

at the organisational (company) level. Individual companies have very limited ability to influence 

change at the larger components of the socio-technical system, i.e. institutional, social/cultural, 

especially in the short-term. Nevertheless, it should be emphasised once again that companies are 

part of society and thus, even though they fall into small/medium scale within the socio-technical 

system, their strategic goals should not be contradictory to visions of society. On the contrary, their 

strategic goals should be aligned with the meta-goals desired at societal level to achieve 

sustainability. In order to achieve this alignment the planning periods applicable to companies 

(operational and strategic) need to be linked to the long-term planning period; theoretically, at the 

end of the long-term planning period the whole socio-technical system should have been 

transformed. Therefore, companies should acknowledge the long-term visions of the society during 

their strategy development which then will guide the product development decisions. 

6.5. SOCIAL FUNCTION FULFILMENT, SYSTEM INNOVATION AND PRODUCT 

DEVELOPMENT  

Socio-technical systems are defined by the social function fulfilled by them (Geels, 2004). Focusing on 

social function fulfilment enables consideration of the socio-technical regime as a (re)configuration 

of the system components covering but not limited to technologies. Focusing on social function 

enables taking all relevant regimes into consideration. Moreover, it enables an integrative 

perspective covering production, consumption and governance as well as dynamics among these 

three domains (Konrad et al., 2008).  

In planning for system innovation for sustainability, focusing on social function fulfilment broadens 

the thinking which was previously limited to material and technical aspects of cultural, behavioural 

and organisational domains of innovation, and therefore, provides more leverage points to influence 

the system change (Ryan, 2008b). Since there is a need to shift the focus from the technological 

regime, recent research and theory development widely adopts the concept of social function 

fulfilment in defining the socio-technical regime rather than referring to a particular technology 

regime. Also, as discussed previously (see Section 6.2.1), isolating and identifying individual socio-

technical regimes neither is possible nor is desired since there are structural couplings and 

interdependencies between regimes. Therefore, in planning for system innovations towards 
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sustainability, there is a need to find alternative ways of fulfilling social functions through 

(re)configurations within and between the socio-technical regimes.  

From the perspective of product development, innovating to find alternative ways of fulfilling a social 

function is not a novel concept. Indeed, this is one of the main strategies applied by product 

designers/developers in new product/service development (T. Allan, personal communication, 

August 20, 2009). The term was popularised with the rise of literature proposing PSS as possible 

sustainable solutions starting from late 1990s and early 2000s (see, for example, Charter & Tischner, 

2001). Social function fulfilment, as currently understood from the perspective of product 

design/development, corresponds to the third level of innovation for sustainability (see Section 3.7). 

Therefore, it does not consider social/cultural and institutional innovations which are essential to 

achieve innovation at system level as leverage points to focus on in product development. Below, a 

simple model is proposed. 

 
Figure 26. A model for social function fulfilment at product development level   

Figure 26 is a model to describe social function fulfilment from the perspective of product 

development with a systemic understanding. The model conceptualises social function fulfilment in 

the wider context of the socio-technical system. As stated before, a socio-technical system has 

institutional, social/cultural, organisational and technological components. Social function cannot 

solely be described technologically but needs to be referenced to the other components of the socio-
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technical system as well. Fulfilling a social function requires consideration of several -institutional, 

social/cultural, organisational as well as technological- variables simultaneously. These variables 

include materials, production techniques, infrastructure, culture, social norms/values, 

cognitive/physical abilities of the user and legislation/regulation which govern the production and 

use of a product/service. These variables all together determine the conditions and limits of fulfilling 

that social function within the socio-technical system of concern. In this systemic approach to 

conceptualising social function fulfilment, these variables are co-dependent. Each of them is subject 

to change during the systemic transformation towards sustainability. Therefore, they need to be 

acknowledged individually yet considered simultaneously in system innovation as complementary to 

each other. It should be noted that the size of the physical variables (materials, infrastructure) may 

vary independently of the social function since a function can be met in multiple ways some of which 

may be more material intensive than the others. 

 
Figure 27. System innovation model from the perspective of product development 

System innovation should enable fulfilment of the same social function in the future through a 

combination of innovations in institutional, social/cultural, organisational as well as technological 

contexts of the socio-technical system. From the perspective of product development this means 

adopting a proactive and systemic approach in design and development of the products/services by 

taking both physical and non-physical variables, which can be influenced at the product development 

phase, into consideration. Figure 27 provides a model to explain system innovation from the 



118 
 

perspective of product development. According to this model, if in developing alternatives to fulfil a 

particular social function, the physical (e.g. materials, infrastructure, and production techniques) and 

non-physical (e.g. regulations, social norms and values, cognitive abilities of the user(s)) variables are 

considered and leveraged simultaneously, system level innovation can be influenced through 

activities and decisions at the product development level. If institutional, social/cultural, 

organisational and technological determinants of a social function are considered simultaneously, 

neither the capacity and characteristics of present technologies nor the expectations of present 

market and user becomes a focal point around which innovation will shape. Instead, the focal point 

becomes the social function to be fulfilled. This way, possible combinations of physical and non-

physical variables together enabling that function to be fulfilled can be conceived. As a result, 

product development can have a role to play in much wider and longer-term changes which need to 

happen at institutional and social/cultural levels. 

6.6. ADDRESSING THE ISSUE OF DIFFERENT SOCIO-TECHNICAL CONTEXTS  

Previously, it was argued that radical change in the context of system innovation refers to a radical 

transformation at system level (see in Chapter 3). This means that there will be a transitionary period 

and, at the end of this period, the resulting socio-technical system will be radically different from the 

one at the start. However, this does not necessarily mean that everything in the socio-technical 

system will radically change; neither does it necessarily imply a rapid pace of change. Which 

interventions will succeed will depend on the particular needs of the socio-technical context of 

concern. Therefore, efforts of managing and steering system innovation in a particular socio-

technical context should be directed towards first, understanding, and then, meeting the specific 

needs of that context. The focus of system innovation is not necessarily new or smart or high 

technologies but rather technologies which are appropriate for the particular socio-technical context 

they are meant to be used in. There are no one-size-fits-all solutions. Different socio-technical 

contexts need different solutions not only for economic, social/cultural and technological reasons 

but also for region-specific characteristics (different environmental problems, different climate, 

ecosystems with different characteristics etc.). 

It was also previously argued that a techno-centric system innovation perspective suggests that 

transition takes at least two generations or up to 50 years since this time is required to invent, 

develop and diffuse radically new technological solutions. However, considering socio-cultural norms 

and values as well as and in conjunction with technological solutions, the speed of innovation at the 

system level can be increased. Therefore, socio-cultural characteristics need to be addressed in 



119 
 

planning for system innovation at product development level. The critique of MLP as a conceptual 

model (see Section 6.2.1) pointed out that the model (and the theory it is based on) is techno-centric 

and representative of the technologically-optimistic, post-industrial and typically Western socio-

technical context.  

 
Figure 28. A suggestive and generic typology of different socio-technical contexts 

In order to be able to address the characteristics of different socio-technical contexts better, Figure 

28 is loosely based on Mary Douglas’ work about socio-cultural biases (Mamadouh, 1999). The four 

socio-cultural biases are matched with the technological intensity of solutions appropriate for 

different contexts to generate a suggestive typology consisting of twelve generic types of socio-

technical contexts. It should be noted that the socio-cultural biases are ideal types and in reality they 

only represent arbitrary points on a continuum. Similarly, the technological intensity row represents 

two opposite ends and the middle of a spectrum. Even though these 12 types are highly ideal, they 

serve sufficiently for the purposes of generating normative visions for different sustainable socio-

technical contexts. In each socio-technical context shown in Figure 28, the same social function can 

be fulfilled by a different combination of physical and non-physical variables enabling fulfilling of that 

particular function. The importance of considering different socio-technical contexts in solution 

generation is two-fold. First, this typology can be used to envision a variety of possible sustainable 

societies, and by doing so, innovation paths which are not techno-centric can be opened. Second, 

different socio-cultural contexts represent different current and future markets. Therefore, by using 

this typology, companies which would like to be involved in system innovation for sustainability 

might identify more opportunities. 
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6.7. SUMMARY OF THIS CHAPTER 

This chapter presented the theoretical framework developed to link activities and decisions at 

product development level to the long term and structural changes required at the socio-technical 

system level to achieve sustainability. The theoretical and conceptual models were developed by 

integrating and building on insights acquired as a result of the broad and critical review of literature 

which was reported in the first part of this thesis. This theoretical framework contributes to the main 

body of system innovation theory by clarifying and refining it as well as building on it to specifically 

address product development level in system innovation for sustainability. Below is a summary of the 

theory and models presented in this chapter:    

 The MLP model is useful to understand how system innovations happen. Nevertheless, for this 

model to effectively influence ongoing and future system innovations towards sustainability in 

general, and in line with the objective of this research in particular (i.e. to effectively link the 

activities/decisions at product development level with the transformation which needs to take 

place at the societal level to achieve sustainability), certain improvements seemed necessary. 

One of the improvements addresses the regime dependencies by adding an empirical layer to 

the model to represent interdependencies between the subject regime and the associated 

regimes. The other improvement incorporated sustainability risks explicitly to the landscape 

level and business risks rising from the sustainability risks to the regime level of the MLP model. 

This way, decisions to develop a niche can be based on the risk mitigating capacity of that niche; 

 It is hard to isolate and identify a socio-technical regime and there is a need to represent the 

interdependencies of regimes. Focusing on social function rather than a specific regime can 

address this issue since meeting a social function will carry references to all of the regimes 

involved in meeting that social function; 

 There are four levels of innovation for sustainability relevant to product development. Each of 

these levels require longer planning periods progressively and require consideration of the 

wider co-evolutionary dynamics within the socio-technical system; 

 There are different operational scales in the socio-technical system and, as the scale becomes 

larger, complexity increases, managing change becomes harder and the pace of change gets 

slower. In addition, smaller scales are hierarchically dependent on larger scales; 

 Another relevant aspect in transforming socio-technical systems is agency, the ability to act and 

influence change over the course of events. As the scale gets larger, agency of the socio-

technical system component increases but organisation and management becomes harder. Due 

to different hierarchies and levels of agency, different socio-technical system elements in 
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organisational and social/cultural components of the socio-technical system can influence 

different components and scales. Inevitably, the purpose of different entities which plan for 

system innovation will differ as will the specific planning and implementation tools. Therefore, 

the specific socio-technical system component which will undertake some system innovation 

effort should clearly define the purpose of such undertaking (e.g., policy development, 

curriculum development, product/service development etc.) and understand their agency and 

the temporal and spatial scale that they can influence and be influenced by; 

 Based on the above points, a model linking the co-evolutionary dynamics within the socio-

technical system and the time frames required for system innovation to the product 

development function in companies is developed. This model is a prescriptive model and states 

that companies are part of society and thus, their strategic goals should not be contradictory to 

visions of society and these goals should be aligned with the goals of the society envisioned to 

achieve sustainability. This requires companies to acknowledge the long-term visions of the 

society during their strategy development to guide their decisions on product development; 

 A model explaining system innovation from the perspective of product development has been 

developed. According to this model, from the perspective of product development, system 

innovation provides the same social function in the future through a combination of innovations 

both at the technological and at the social sphere. Therefore, in developing alternatives to fulfil 

a particular social function, the technological aspects and social aspects should be considered 

and leveraged simultaneously; 

 Radical transformation at system level does not imply that all components of the system will 

radically change. Therefore, which interventions will succeed, will depend on the particular need 

we are trying to meet and the particular socio-technical context we will try to bring a solution 

within. For this reason, care for the specific needs of the context must be given. In order to be 

able to address this issue in developing a scenario method for system innovation, a suggestive 

generic typology of socio-technical contexts is developed. The use of this typology can enable 

identification of non-techno-centric innovation paths as well as techno-centric ones and might 

help companies to be aware of the needs of different current and future markets, and therefore, 

help them to identify more opportunities towards system innovation for sustainability. 
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7. THE SCENARIO METHOD: CONCEPTUAL AND OPERATIONAL 

FRAMEWORKS  

7.1. INTRODUCTION  

This chapter presents the scenario method developed as a result of integrating the findings of the 

literature review (Chapter 2 to 5) and the new theory and models developed based on these findings 

(Chapter 6). The scenario method consists of a conceptual and an operational framework. These 

frameworks are progressively developed based on the theoretical framework (Figure 29). The 

conceptual framework is established by developing the criteria which needs to be met by the 

scenario method and an outline of methodical tasks necessary to meet those criteria. The 

operational framework presents the operational details of the scenario method; i.e. the criteria used 

to design the operational tool and the specific processes to be used in implementing the methodical 

steps identified in the outline of the scenario method.  

 
Figure 29. The progressive development of theoretical, conceptual and operational frameworks 

The conceptual and operational frameworks presented in this chapter are the initial versions. The 

final versions are briefly presented in Chapter 9 where results of the field work are reported. 

  



124 
 

7.2. THE CONCEPTUAL FRAMEWORK OF THE SCENARIO METHOD  

7.2.1. THE CRITERIA 

In order to develop the criteria which need to be met by the scenario method, initially two sets of 

requirements were identified (Table 8). These requirements reflect the findings and insights gathered 

as a result of the critical review of the literature (reported in the first part of this thesis) and the 

theoretical framework developed in order to link the product development level in companies to the 

transformation which needs to take place at societal level (presented in Chapter 6). The first set of 

requirements is related to the structure of the method. The structural requirements are identified 

based on the theory of system innovation for sustainability and analysis of previous projects aimed to 

plan for and/or steer system innovation. The second set of requirements is about the content of the 

scenario method. The content requirements are identified through a review of system innovation 

typologies, scenario typologies and methods and drivers and barriers for businesses to adopt 

sustainability as a default business and product development priority.  

Table 8. The structural and content requirements of the scenario method 

Structural Requirements 

SR1. The scenario method needs to be systemic 
SR2. The scenario method needs to be layered 
SR3. The scenario method needs to have a double-flow (forward and backward) 

Content Requirements 

CR1. The scenario method should enable identification of alternative innovation paths towards a 
sustainable future 

CR2. The scenario method should aid in identification of organisational/human development 
requirements 

CR3. The scenario method should aid in identification of technological development requirements 

CR4. The scenario method should have operational, strategic, visionary periods 

CR5. The scenario method should have a risk approach to sustainability 

 

After identifying the structural and content requirements, these were consolidated to generate the 

criteria which need to be met by the scenario method. The resulting criteria and brief explanations 

recapping from previous chapters are given below. 
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Criterion 1 (SR1, SR2, CR4): The scenario method should link the planning periods applicable to 
companies (operational and strategic) to the long-term planning period (visionary) in order to 
enable companies to address long-term societal visions in their strategies and effectively 
implement these strategies in product development (Figure 30). 

The planning periods applicable to the levels of innovation were identified as operational in the short 

term, strategic in the medium term and visionary in the long term (Section 6.4). The short term 

covers ten years and is the operational period for radically new product development. The strategic 

period should shape the operational period through the setting of goals at the organisational 

(company) level. The visionary period is beyond the time-periods applicable to companies. 

Theoretically, at the end of this period the whole socio-technical system should have been 

transformed. In order to align the product development level with the sustainability visions at the 

societal level, the company strategy should play a mediatory role between the operational and the 

visionary periods (i.e. between the activities of product development teams and the visions of the 

society). In order to play this mediatory role, the strategic goals of companies should be aligned with 

the goals desired at the societal level to achieve sustainability.  

 
Figure 30. Criterion 1 
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Criterion 2 (SR1, CR2, CR3): The scenario method should aid companies in identifying not only 
technology development requirements but also organisational/human development requirements 
(Figure 31). 

 
Figure 31. Criterion 2 

The organisational/human context will determine the success of any technical activity since the 

capacity, knowledge and capability to innovate is generated, assessed, developed and used within 

the organisational context (Jorna, 2006). Organisational innovations should cover a longer time span 

than technological innovations in order to be able to influence technological innovations towards 

sustainability. The scenario method which will be used at company level should not only help to 

identify technical/engineering requirements related to product development function but also 

should address organisational/human dimensions of company governance. Therefore, the scenario 

method should enable technological development with reference to organisational strategy which 

should cover a longer time span in planning; i.e. which should oversee a company’s product 

development path and guide it towards system innovation for sustainability. In this context, 

organisational planning plays an interface role between purely technological innovations achieved 

within the product development team and system innovation which will be achieved within the 

wider socio-technical system. 
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Criterion 3 (SR1, SR3, CR2, CR3, CR4): The scenario method should aid companies in developing 
integrated business strategies aligned with societal level sustainability visions and day-to-day 
business activities and should facilitate integration of all business functions in line with the 
company strategy (Figure 32). 

 
Figure 32. Criterion 3 

The significance of visions for system innovation was previously discussed (see Chapter 4). Since 

normative sustainability visions, which need to be achieved in the long term and at a societal level 

(i.e. socio-technical system level), are essential in initiating and managing system innovations, the 

scenario method should aid in integrating the implications of these visions into day-to-day business 

activities. This requires internalisation of sustainability into company strategy through generic tools 

like Strengths Weaknesses Opportunities and Threats (i.e. SWOT) analysis, the results of which 

should be aligned with other business priorities. This would enable internalisation of innovation for 

sustainability at the product development (operational) level through identification of design criteria. 

Since successful product development requires integration of all major business functions within a 

company and since company strategy needs to be referenced to future visions in order to guide 

product development towards system innovation, the scenario method should enable integration of 

business functions in line with the organisational/strategic plan. Johansson, Greif and Fleischer 

(2007) provide a review of several studies which identify barriers to integration of business functions. 

They also refer to the studies which identify mechanisms facilitating integration which can be of 

technological and/or organisational nature. Therefore, construction and organisation of product 

development teams will play a very important role in any attempt for system level innovation to be 
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successful. The organisational and technological barriers to integration of business functions need to 

be acknowledged along with possible facilitating mechanisms in developing a scenario method for 

the use of companies. 

Criterion 4 (SR3, CR1): The scenario method should have a double-flow approach in order to link 
present and future in a realistic way and enable identification of alternative innovation paths 
which are possible from a technological point of view, acceptable from a social/cultural point of 
view and desirable from a sustainability point of view (Figure 33). 

Major projects which addressed system innovation were critically reviewed (see Section 4.5). Some 

of these previous projects in the context of system innovation developed forward flowing, predictive 

or explorative scenarios which started from the present and flowed towards the future (e.g. Elzen et 

al., 2002; Hofman, 2005; Geels, 2002a; Elzen et al., 2004). Some other projects developed backward 

flowing, normative scenarios, starting from 50 years in the future towards present (e.g. Vergragt, 

2000; Weaver et. al, 2000; Partidario, 2002). It is not possible to disprove any of these approaches 

since these experiments are ongoing and there is a lack of empirical data to test and verify these 

methodologies against some success criteria of steering system innovations. However, for two 

reasons it is suggested to combine these two approaches to establish a double-flow method (Figure 

33).  

 
Figure 33. Criterion 4 

First, CAS are non-linear, demonstrate emergent behaviour, self-organisation, continuous change, 

sensitivity to initial conditions, learning, irreducible uncertainty, and contextuality (see Chapter 2, 

Section 2.3). As a result of these characteristics, the future of any CAS becomes unpredictable, 
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indeterminate and emergent (Section 4.3). Therefore, present-time choices of system elements 

determine the future of the system yet are unable to accurately identify what those future changes 

will be. For this reason, starting only from the future may result in not being able to acknowledge 

lock-ins which need to be overcome and which are embedded in the present socio-technical system. 

On the contrary, following only a forward flow of strict causality may limit multiplicity of paths or 

even the possibility of developing a path for periods longer than medium term. Within the socio-

technical domain, cause-effect relationships are difficult to ascertain. Socio-technical problems are 

characterised by complexity - there are multiple causes, or more appropriately, ‘influences’ which 

may affect the likelihood of an event occurring. In the socio-technical domain, causality is not 

deterministic as applied to physical phenomena, but instead, it is probabilistic and almost every 

‘effect’ is a cause for the following events. Also, starting only from the present may result in not 

being able to achieve the transformation needed at system level for the society to be sustainable.  

In addition, scenarios can be predictive, explorative and normative (see Section 4.2.2). In the context 

of system innovation, both exploratory scenarios, which try to explore what can happen under some 

anticipated circumstances and, normative scenarios, which provide the transformation knowledge 

required to achieve a desired target are equally important to break from the lock-ins prevailing in the 

present state while at the same time aligning the exercise of breaking the lock-ins with the vision of a 

sustainable society.   

The second reason which justifies the suggestion to follow a double-flow approach relates to the 

specific focus of this research. Since companies individually do not have too much agency to change 

the entire system (unlike well-planned top-down policy interventions) anticipating alternative 

innovation paths linking the present of companies to possible and desirable futures at societal level is 

crucial to overcome barriers, identify short-term opportunities and thus, to empower and encourage 

companies to actively take part in change towards system innovation. 

Criterion 5 (SR1, SR2, CR2, CR3, CR5): The scenario method should have a layered risk approach in 
order to identify implications of overarching sustainability risks on companies’ businesses as 
contextual risks. This way, sustainability can be internalised in companies’ organizational and 
product development strategies and active participation of companies in setting sustainability 
visions at societal level can be enabled (Figure 34). 

Based on the critical review of sustainability assessments (Section 2.5), and the critical review of the 

MLP theory and model (Section 6.2), a layered risk model was proposed and juxtaposed on the MLP 

model to develop a risk-based MLP model (Figure 20 in Section 6.2.3). According to the risk-based 

MLP model, sustainability risks influence change within the socio-technical regime. These changes 
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pose risks to business and these risks will be mitigated by regime actors through creation and/or 

realisation of niches at the niche level. When a niche is capable of mitigating/ managing/adapting to 

one or more risks, a business opportunity is identified. The decision of whether to develop that niche 

or not will be made after evaluating the niche’s implications on other risks. This way a systemic 

approach is brought to niche development which also potentially might help avoiding rebound 

effects. 

 
Figure 34. Criterion 5 

7.2.2. OUTLINE OF THE SCENARIO METHOD  

Based on the criteria explained in the previous section, a scenario method for the use of product 

development teams was developed. Figure 35 provides an outline of the scenario method which has 

three phases: preparation phase, scenario development phase and completion phase.  

There is only one task to be carried out as part of preparation. This task covers identification of 

sustainability risks and their influences on the business of the organisation. During this task, dynamic 
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relationships between risks need to be analysed as well in order not to reinforce one while mitigating 

other(s).  

 
Figure 35. Outline of the scenario method 
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In the scenario development phase the first task is visioning. In this task, initially, the product 

development team identifies and analyses the social function being met by the products/services of 

the organisation in detail. The critique of the MLP theory and model (6.2.1) highlighted the difficulty 

of identifying socio-technical regimes and pointed out the interdependencies between regimes. The 

refinements brought to the MLP theory and model proposed focusing on social function rather than 

a specific regime in order to represent regime interdependencies at product development level. By 

identifying and analysing the social function, the all socio-technical regimes having a role in fulfilling 

that function can be taken into consideration. Analysis of social function can also help the product 

development team to gain an understanding about the institutional and social/cultural as well as 

organisational dynamics which have a role in fulfilling that function and which can be used as 

leverage points towards system innovation (Section 6.5).  

Following identification of the social function, the product development team develops a sustainable 

society vision articulating institutional, social/cultural, technological aspects and the characteristics 

of the individual people living in this society. Then, considering the organisation (i.e. company) as 

part of this sustainable society, the product development team initially details the role of their 

organisation in this society in order to identify organisational changes necessary to take place for the 

company to survive. Following this, the team details how the social function is being met in this 

society. This way, the vision of a sustainable society and the means of meeting the social function are 

systemically aligned to each other. Once the vision on how the social function is being met in the 

envisioned sustainable society is completed, forward flowing scenarios starting from present are 

developed to identify successive organisational and technological changes necessary towards the 

envisioned society. After developing forward flowing scenarios, backward flowing scenarios starting 

from the envisioned sustainable society are developed to identify preceding organisational and 

technological changes necessary to reach towards present. The aligning sets of forward and 

backward flows are identified as alternative innovation paths which can be exploited by the 

organisation.  

The double-flow of scenarios allows dealing with current issues in line with the prevailing dynamics in 

the socio-technical system through forward flowing of analytical scenarios while pulling technology 

development paths towards sustainability through the backward flowing of normative scenarios. The 

normative scenarios are future state(s) in which identified sustainability risks and risks to business 

are mitigated. The identified future states should not be accepted as ultimate ‘sustainable states’ but 

rather as guidelines pulling scenarios towards sustainability. The reason for following a backward 
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resolution is not to identify how those future states can be achieved but, rather, to open the paths 

for the forward flow of scenarios. 

At the end of the alignment exercise, the events layer of the scenario map is completed and two 

additional layers are laid over the scenarios. The first layer is the stakeholders layer. Initially, 

stakeholders of the organisation are identified. Then, the future changes the organisation anticipates 

and the stakeholders which can influence those changes are matched. The second layer is the 

products/services layer. Innovative product and service ideas are generated and placed on the map 

where they can be developed by the organisation if those particular anticipated future changes 

happen.  

In the final phase, an action plan or strategy is formulated. This action plan/strategy articulates the 

steps to be taken by the organisation to follow the identified innovation paths. For each step 

identified, execution and follow-up responsibility should be allocated. 

7.3. THE OPERATIONAL FRAMEWORK OF THE SCENARIO METHOD  

The operational framework presents the workshop process designed as the operational tool of the 

scenario method to implement the methodical steps identified in the outline of the scenario method. 

List (2005) developed an extensive set of generic design criteria which need to be met by futures 

inquiry methods. To guide the design of the workshop, the criteria developed by List (2005) needed 

to be expanded in order to address the specific characteristics of the scenario method developed in 

this research. The characteristics of the scenario method relevant to the design of its operational tool 

were:  

 a specific normative end-point, i.e. a sustainable society; 

 a specific purpose, i.e. to help product development teams to align their actions and decisions 

with the long-term, systemic, societal transformation that needs to take place to achieve 

sustainability;  

 a specific approach to assessing sustainability, i.e. a layered risk approach, and; 

 a specific positioning of the organisation using the scenario method, i.e. systemically linking the 

product development teams, companies and society. 
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Table 9 shows the design criteria followed in designing the workshop. These criteria cover both the 

criteria developed by List (2005) and the additional criteria developed in this research considering 

the above listed characteristics of the scenario method.      

Table 9. The design criteria followed in designing the workshop (the ones in italics were developed by 
the researcher) 

No. Criteria 

1 All stakeholder groups are included in the workshop 

2 The workshop enables a reflective process with efficient use of time 

3 The workshop should be quick, efficient and nimble 

4 The workshop participants gain more detailed perceptions of future possibilities 

5 The workshop should integrate a wide range of methods, approaches, and data types 

6 The workshop should include wide diversity of viewpoints and range of scenarios 

7 The workshop should probe behind the issues, focusing on underlying drivers 

8 The workshop should extend the focus beyond the short-term future 

9 The workshop should include a means of anticipating discontinuities 

10 The workshop should consider how technological and social aspects may interact 

11 
The workshop should use a morphological approach in development of scenarios to ensure 
comprehensiveness 

12 The workshop should include narratives to describe change processes 

13 The workshop output should be readily understandable by all concerned 

14 The anticipations should be expressed in a way to enable tracking and confirmation 

15 The workshop should focus on the situation of the entity in its changing environment 

16 The format of workshop output should enable re-analysis and expansion of detail as needed 

17 
The workshop should enable the participants understand the hierarchical irreversible 
relationships between the environment, society and economy and between their organisation 
and these three sub-systems 

18 
The workshop should enable the participants understand the issues threatening the 
sustainability of the society (i.e. risks to sustainability of the society), the dynamic 
relationships among these issues and the implications of these on their business 

19  

The workshop should enable the participants to generate normative long-term societal 
visions within which the risks to sustainability are mitigated/managed/adapted to by the 
society through a combination of institutional, social/cultural, organisational and 
technological changes 

20 
The workshop should enable the participants to develop scenarios linking the present of their 
organisation and products/services to the normative vision of a sustainable society 
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The workshop is designed to take place over two full days, ideally one week apart from each other to 

enable reflection. Table 10 provides the outline of the first version of the workshop design and 

briefly explains the activities in and the expected outcome from each module.   

Table 10. Outline of the workshop 

Day Module Activities  Expected Outcome 

D
ay

 1
 

Introduction Welcome, check-in and warm-up 
Checked-in people, ready to 
start the day 

Risks 

Identification of sustainability risks 
relevant to the company, brainstorming 
to analyse the implications of 
sustainability risks on company business; 
development of dynamic risk maps using 
simplified causal-loop diagrams. 

A dynamic risk map; the 
group understands how 
long-term wider-scale 
sustainability risks which 
threaten the society do and 
will affect the company’s 
business/products. 

Forward Flowing 
Scenarios 

Identification of social function and 
development of forward flowing 
scenarios mitigating the sustainability 
risks and the risks to business identified 
in the previous session. 

Forward flowing, explorative 
scenarios. 

Backward 
Flowing 
Scenarios 

Introduction of generic visions of a 
sustainable society; developing risk 
mitigating societal visions followed by 
organisational and social function visions 
for each societal vision. Development of 
backward flowing from the vision 
directing towards present. 

Backward flowing, 
normative scenarios 

Wrap-up and 
Closure 

Evaluation of the day 
Learnings 
Orientation for the second day 

 

D
ay

 2
 

Introduction-
Knitting the 
Knots 

Welcome and check-in; summarising the 
outcomes of the first day; warm-up for 
the day. 

Checked-in people, 
everyone understands 
where the work of the group 
is ready to start the day 

Alignment 

Alignment exercise in the medium term 
to align backward and forward scenarios; 
identification of alternative innovation 
paths; generation of product concepts. 
Identification of stakeholders and 
development of a stakeholder map. 

Scenarios for multiple 
alternative innovation paths, 
product/service concepts 
and stakeholders mapped 
on the scenario map 

Action 
Plan/Strategy 
 

 Identification of technical and human 
capacity development requirements; 
Development of a strategy outline. 

A strategy/action plan 

Wrap-up and 
Closure 

Evaluation of the day 
Learnings/Outcome 

 

The main processes used in the workshop design (i.e. brainstorming, visioning and decision making) 

are adaptations of existing generic processes used by facilitators of futures inquiry workshops (see, 
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for example, Justice & Jamieson, 2006, p. 180; Michalko, 2006, p. 311). However, for two activities in 

the workshop design, i.e. development of dynamic risk maps and scenario development, generic and 

commonly used processes - suitable for a scenario method based on CAS and system innovation 

theory - were not available. Therefore, the process used for developing the dynamic risk maps was 

designed by the researcher. The scenario development process was adapted from a recent 

contribution to the scenario development literature.    

For the process which involves generation of dynamic risk maps, a simplified version of causal-loop 

diagrams is used. Causal-loop diagrams are used in analysing systems to visually represent dynamic 

interactions and interrelationships between system components (Hjorth & Bagheri, 2006). The 

dynamics in a system can be represented by positive and negative feedback loops. Positive feedback 

loops reinforce while negative feedback loops counteract change (Sterman, 2001). The 

interrelationships between the sustainability risks relevant to an organisation can be analysed by 

using causal-loop diagrams. By articulating the dynamic relationships between sustainability risks, 

the overall potential of a product/service concept to mitigate/manage/adapt to those risks can be 

assessed. Based on this assessment, decisions on whether to develop or discard a product/service 

concept can be made in a way to avoid amplifying a sustainability risk while mitigating another. 

Figure 36 provides an example of a dynamic risk map. 

  
Figure 36. An example dynamic risk map     
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In this dynamic risk map, developed as a simple causal-loop diagram, Risk 1 increases the 

occurrence/likeliness of Risk 2, Risk 2 increases the occurrence/likeliness of Risk 3 and Risk 3 

increases the occurrence/likeliness of Risk 1, however; Risk 3 decreases the occurrence/likeliness of 

Risk 2. Therefore, while there is a reinforcing dynamic relationship between Risk 1, Risk 2 and Risk 3, 

the relationship between Risk 2 and Risk 3 is a balancing dynamic. If there were only these three 

risks, mitigating Risk 1 would initially result in Risk 2 to decrease. A decrease in Risk 2 would 

increasingly result in a less increase and thus a gradual decline and possibly diminishing of Risk 3. 

Therefore, a decision to focus on mitigating Risk 1 would mitigate all of these three risks. However, 

when Risk 4, Risk 5 and Risk 6 are considered, it becomes clear that focusing solely on mitigation of 

Risk 1 is not likely to achieve any significant improvement in the system. An analysis of the causal-

loop diagram suggests that a combination of risks needs to be targeted at the same time and more 

than one combination can provide satisfactory overall risk mitigation in the system. Once the 

dynamic risk map is developed and analysed, product/service concepts can be evaluated based on 

their potential to bring high leverage to risk mitigation in the system. 

For the scenario development process, the event-tree approach is used. The event-tree approach 

was conceived by List (2005) in order to address the multiplicity and non-linearity of influences 

resulting in a particular event (an event can be a situation or a process). This approach was also 

found helpful by participants of futures inquiry workshops in generating backcasting scenarios which 

involves thinking backwards from a desired future state (personal communication, D. List, July 7, 

2007).  

 
Figure 37. Scenario development with event-trees 
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The event-tree approach involves generating event-trees through brainstorming and developing a 

scenario map by chronologically ordering event-trees (see Figure 37). The core event of the event-

tree or any of the outcomes of an event becomes an influence for other event trees. Using event-

trees in developing scenarios enables the resulting scenarios to be extended indefinitely. The 

capability to indefinitely extend the scenarios has several benefits. First, it generates flowing 

scenarios rather than snapshot scenarios. This characteristic enables linking present and future in a 

realistic way and identification of alternative innovation paths (see the Criterion 4 articulated under 

Section 7.2.1). Second, the scenario map can be detailed extensively over the time period covered 

and, if desired, the time period covered can be extended towards the future. Therefore, the scenario 

map can be regularly revisited and, easily, quickly, and thus, inexpensively altered to include new 

(emergent) developments which were not foreseen when the map was first developed. Third, the 

scenario map can be detailed extensively at any point of the time period covered. This enables 

detailed analysis of the influences and consequences of certain events of high importance. Fourth, 

the resulting scenario maps can be linked to other scenario maps in a systemic way. As a result, an 

organisation can later link the scenario map to other relevant scenario maps such as sectoral, 

industrial or regional development scenarios or stakeholders’ scenarios.  

7.4. SUMMARY OF THIS CHAPTER 

This chapter presented the conceptual and operational frameworks of the scenario method. The 

conceptual framework was developed based on the theoretical framework presented in Chapter 6. It 

consists of the criteria that the scenario method needs to meet and the outline of the methodical 

steps which need to be taken to meet those criteria. The operational framework presented the 

operational tool of the scenario method (i.e. a workshop process) developed based on the 

conceptual framework.  

 

The criteria developed as part of the conceptual framework are: 

1. The scenario method should link the planning periods applicable to companies (operational and 

strategic) to the long-term planning period (visionary) in order to enable companies to address 

long-term societal visions in their strategies and effectively implement these strategies in 

product development; 

2. The scenario method should aid companies in identifying not only technology development 

requirements but also organisational/human development requirements; 
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3. The scenario method should aid companies in developing integrated business strategies aligned 

with societal level sustainability visions and day-to-day business activities and should facilitate 

integration of all business functions in line with the company strategy; 

4. The scenario method should have a double-flow approach in order to link present and future in 

a realistic way and enable identification of alternative innovation paths which are possible from 

a technological point of view, acceptable from a social/cultural point of view and desirable from 

a sustainability point of view, and; 

5. The scenario method should have a layered risk approach in order to identify implications of 

overarching sustainability risks on companies’ businesses as contextual risks. This way, 

sustainability can be internalised in companies’ organizational and product development 

strategies and active participation of companies in setting sustainability visions at societal level 

can be enabled. 

The outline of the scenario method consists of three phases: preparation, scenario development and 

completion. The preparation phase involves identification and analysis of sustainability risks and 

implications of them on the business of the organisation. In the scenario development phase initially 

the social function being met by the products/services of the organisation is identified and analysed. 

Then, vision(s) of a sustainable society, within which the sustainability risks are mitigated, is 

developed. In this vision of a sustainable society, the role of the organisation and how the social 

function is being met are articulated. The vision development task is followed by development of 

scenarios. The forward flowing scenarios start from the present and flow towards the vision and the 

backward flowing scenarios start from the vision and flow towards present. The aligning sets of 

forward and backward flowing scenarios are identified as alternative innovation paths towards 

sustainability. At the end of the alignment exercise, the events layer of the scenario map is 

completed. In order to complete the scenario development phase, two additional layers (i.e. the 

stakeholders layer and the products/services layer) are laid over the scenarios. In the completion 

phase, an action plan/strategy is formulated which articulates the steps to be taken by the 

organisation and allocates the responsibilities to take and follow-up the identified actions.   

The workshop design was based on the design criteria for futures inquiry methods developed by List 

(2005). The majority of the processes included in the workshop design are based on generic group 

facilitation processes. However, for three of the modules; i.e. forward flowing scenario development, 

backward flowing scenario development and risks module, two non-generic processes are proposed. 
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In the risks module, a process specifically designed for this research which uses a simplified version of 

causal-loop analysis is used. This process enables the participants to develop an understanding of the 

dynamic interrelationships between the sustainability risks which need to be mitigated. Only after 

such understanding is achieved can the participants make sound decisions on which product/service 

concepts to develop, based on the real capacity of those concepts to mitigate/manage/adapt to the 

sustainability risks in overall. 

In both of the scenario development modules, in line with the requirement of addressing non-

linearity and multiplicity of influences jointly resulting in an event, the event-tree approach, which 

was developed by List (2005), is used. The use of event-tree approach in scenario development 

enables the resulting scenarios to be linked to other scenarios relevant to the organisation in a 

systemic way. Event-trees also enable the resulting scenario map to be re-addressed and changed 

easily as time progresses and future unfolds.  
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8. FIELD WORK: RESEARCH METHODOLOGY AND DESIGN 

8.1. INTRODUCTION 

The previous chapter provided the conceptual framework of the scenario method which was 

developed by integrating findings and insights gathered through the review of literature and the 

theory or models developed as part of this research. Based on the conceptual framework of the 

scenario method, a workshop process consisting of several modules was designed as the operational 

tool of the scenario method.  

It is possible to develop theory without empirical approaches; however, a method developed solely 

through desktop research will be prone to failure in its first use. In addition, since this research has a 

specific aim of embedding the research outcome into real-life, the scenario method needed to be 

tried in real-life settings and, if necessary, needed to be improved. Also, since the main theoretical 

basis of the scenario method developed in this research (i.e. system innovation theory) is quite new 

and still emerging, any method based on this emerging theory needed to be evaluated in terms of its 

potential to aid in managing system innovations. For these reasons, it was decided to include an 

empirical approach in this research. This empirical approach consisted of field work which aimed to 

test, improve, and evaluate the conceptual framework and the operational tool (i.e. the workshop 

process) of the scenario method. This chapter reports the details of the research methodology and 

research design followed to carry out the field work. 

8.2. METHODOLOGICAL AND DESIGN CONSIDERATIONS OF THE FIELD WORK 

Below is a list of the methodological and design considerations which guided selection of the 

research methodology and designing the field work: 

 The research methodology needed to be suitable to be used in real-life experiments and with 

human participants since the field work had to incorporate running workshops following the 

workshop process developed as the operational tool of the scenario method; 

 The research design needed to be suitable to generate feedback to improve both the conceptual 

and the operational frameworks of the scenario method in conjunction to each other; 
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 The research methodology needed to be suitable for qualitative research since a quantitative 

(i.e. statistically proven) approach was beyond the time and budget limitations of this research 

as it would require running around 200 workshops;  

 The research methodology and research design needed to be suitable for formative evaluation 

since a summative evaluation is not applicable for a newly developing method (and also since 

there is not an absolute criterion to be used as the basis of a comparison in order to make a 

conclusive decision that the scenario method is good or bad) (List, 2005);  

 The research methodology needed to be suitable for evidence-based research since a 

hypothesis-based research was not possible (In hypothesis-based research, a hypothesis is 

formed based on preliminary findings, variables are identified and the hypothesis is tested one 

variable at a time by keeping the other variables constant and/or using a control sample. In 

cases when establishing a hypothesis to be tested is not possible either because the research 

area is new, and therefore, the researcher does not have sufficient experience with the research 

context to generate a hypothesis or when the variables to be tested cannot be kept constant for 

a reason (e.g. in real-life experiments researcher cannot have control over all variables 

influencing a situation) evidence is gathered, analysed in detail and a conclusion is reached); 

 The research design needed to be suitable for accommodating multiple case studies of different 

characteristics since a single case study was not appropriate for this research. (A single case 

study would not provide sufficient data for the purposes of producing generalisations. In 

addition, a multiple case study approach would provide contingency and fast recovery if one or 

more case(s) fail(ed). Also, using only one case study would either require the scenario process 

to take much longer or, the data generated would not be sufficient to support this research.);  

 The research methodology and research design needed to be suitable for sequential case 

studies since if the studies were carried out simultaneously there would not be a basis for 

comparing the improvement achieved; 

 The research methodology and research design needed to be suitable for an iterative research 

process since using sequential case studies would require an iterative process enabling    

comparison between the previous case and the following one giving an indication of 

improvement achieved.  

Since the field work was going to take place in real-life, and since it required using a formative and 

evidence-based approach and sequential studies with iterative cycles, the most suitable 

methodology to be followed was a form of action research methodology. The next section briefly 

explains the historical, theoretical and conceptual underpinnings of action research methodology and 
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provides justification for its use in this research. This is followed by a detailed explanation of the 

research design developed based on the selected research methodology.  

8.3. FIELD WORK METHODOLOGY: ACTION RESEARCH  

Action research as a term was initially coined and articulated by Lewin (1946). Since then, several 

variations of action research for different purposes have been proposed and used (see, e.g., Peters & 

Robinson, 1984; Dash, 1999; Reason & Bradbury, 2008). The different areas action research has been 

used in are education, health, social work, organisational development, urban planning/architecture, 

economic development, issues related to inner-city and rural poverty, disability and domestic 

violence (Stringer, 1996; Gray, 2004) and product development (for example, Van der Lugt, 2008).  

The three characteristics found to be common in all variations of action research are change-agenda 

and problem-focus, cyclic/iterative and reflective process, and participatory/collaborative research 

design (Peters & Robinson, 1984, Gray 2004). Action-research is one of the few suitable 

methodologies of knowledge transfer in research which cross-cuts several disciplinary boundaries 

and involves stakeholders into the research process with the aim of solving complex, real-life 

problems (Pohl & Hirsh-Hadorn, 2008). Also, complex societal issues are systemic in character, and 

therefore, they require consideration of different perspectives of the actors involved and necessitate 

alignment and integration of these perspectives for a commonly shared understanding and an agreed 

solution (Loorbach, 2007). Action research enables this through the use of an iterative process which 

not only helps integration of different perspectives (which could be achieved by survey research) but 

also enables alignment through mutual learning. 

These characteristics of action research were aligned with the characteristics and aims of this 

research. First, this research had a change agenda and a problem focus. It aimed to be a stepping 

stone in the transformation towards a sustainable society by meeting a real-life need, i.e. the lack of 

methods and tools to link activities and decisions of product development teams to the long-term 

and systemic transformation which needs to take place in the society. Instead of generalising findings 

on the basis of standardised conditions, this research aimed at validating abstract models in real-life 

situations in order to provide a solution for a socially-relevant, urgent and complex problem. The 

field work required an iterative and reflective research process since it was undertaken to test and 

improve the scenario method and since a survey-type, quantitative approach was not found feasible 

for this purpose. Since this was a research undertaken to qualify for a Ph.D. degree, which requires 

the research to be undertaken by the researcher individually, a collaborative approach was not 
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possible. Nevertheless, in order to enable the research outcome (i.e. the scenario method) to be 

adopted by and usable for the product development teams, the actual potential users of the scenario 

method needed to be involved in the research as participants. A participatory approach was also 

necessary in order to include different perspectives of industry and academic experts, who are 

working in the joint area of sustainability and innovation, in improving the theoretical basis and 

conceptual framework of the scenario method.                

8.4. FIELD WORK DESIGN  

8.4.1. THE TWO COMPONENTS OF FIELD WORK: EXPERT CONSULTATION AND 

WORKSHOPS 

The field work consisted of two components: expert consultations and workshops (see Figure 38). 

The expert consultations involved receiving feedback from experts on the conceptual framework of 

the scenario method through one to one consultation sessions. The second part involved receiving 

feedback on the workshop design from potential members of product development teams through 

running workshops based on the workshop design presented in Chapter 7 as the operational tool of 

the scenario method.  The details of selection of research participants (i.e. sampling), the procedure 

followed (i.e. the method) and the data collection and management strategies are explained in the 

following sections. 

 
Figure 38. The two components of the field research 
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There are four main reasons for designing the fieldwork to incorporate two components. First, the 

scenario method is based on the recently emerging system innovation theory (Chapter 6). This theory 

cannot be empirically tested neither can it be fully disproved (no sustainable system innovations are 

completed so far to empirically test the theory and it is impossible to measure all different 

dimensions of a transition exactly) (Loorbach, 2007). Expert consultation is a commonly used 

qualitative method if the research area is novel and there is not much known about it (Gray, 2004). 

Therefore, in order to improve the theoretical underpinnings of the conceptual framework expert 

consultation was used.  

Second, in order to enable the uptake of the scenario method by companies, it was necessary to 

ground the method in the current reality and framework of businesses. However, a direct feedback 

from businesses carried a risk of diverging from the theoretical background that the conceptual 

framework was based on since the concepts and requirements which are put forward are currently 

hard to understand and challenging to meet by most of the businesses. In this regard, the expert 

consultation played a buffer role by enabling improvement of the scenario method without 

compromising from the requirements identified through theoretical findings in a way understandable 

and usable by businesses. 

The third reason for designing the field work to incorporate two components was to integrate the 

different perspectives prevailing in the area of sustainability and innovation into the scenario 

method. This would not be possible only through the workshops, First, because workshop 

participants were not necessarily knowledgeable in the area of innovation and sustainability and, 

Second, since the data collected through the workshops would mainly be through observation to 

investigate whether the processes were successful or not. Different perspectives were integrated 

into the scenario method by consulting experts from different localities and who have a range of 

different specific expertise relevant to the joint area of innovation and sustainability.      

The fourth reason was related to the aim of providing a research output which would be readily 

usable in real-life. The expert consultations were aimed at improving the theoretical underpinnings 

of the conceptual framework. The workshops, on the other hand, were designed to be real-life 

experiments to improve the workshop design.  
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8.4.2. THE SAMPLES 

For the two components of the fieldwork, two different sets of participants were sampled. For the 

expert consultation component potential expert users of the method were sampled. A potential 

expert user of the method was defined as any person who has expertise in providing 

advice/consultancy to businesses in the joint area of sustainability and innovation and/or any person 

who has expertise in facilitating group processes. For the workshops component, groups 

representing product development teams of companies were sampled. Product development teams 

consist of members who either actively take part in design and development of products and services 

a company develops or who are actively involved in strategic decision making regarding the product 

development function of companies. Therefore, a potential member of the second sample set was 

identified as anyone with a professional qualification of product/service design, design engineering, 

innovation management, strategy development, environmental/ sustainability management, and 

sales and marketing who provides input to the team during product design/development phase.   

Expert users are not the end-users but potentially the intermediary users of the scenario method 

who can introduce the method to businesses and lead/facilitate workshops with product 

development teams. Product development teams of companies are the intended end-users of the 

method. Any member in these teams can assume the role of a change agent and lead/facilitate a 

workshop or a workshop can be delivered to these teams by external change agents (which are 

represented by the potential expert users). 

Expert Consultation 

For the expert consultation component of the field work, eight local and five overseas experts 

participated in the research. The five overseas experts had design and research experiences in 

different socio-cultural contexts covering the USA, the EU, Hong Kong/China and bottom-of-the-

pyramid contexts such as Cambodia and Vietnam.  

Table 11 shows the place of origin, self-claimed expertise and the sectoral positioning of experts who 

participated in this research and provided feedback for the improvement of the scenario method. 

Appendix I provides more details on the expertise and experience of these experts.  

  



147 
 

Table 11. Experts consulted 

Participant Code/ 
Place of Origin 

Sector Self-Claimed Expertise 

Expert1 
New Zealand 

Industry 

engineering design (general), industrial design (general and 
sustainability specific), design research (general and 
sustainability specific), marketing (general), business 
strategy development (sustainability specific), 
environmental management, LCA of products 

Expert 2 
New Zealand 

Industry 
business strategy development (general and sustainability 
specific), environmental management 

Expert3 
Netherlands 

Academic/ 
Industry 

engineering design (sustainability specific), industrial design 
(sustainability specific), design research (sustainability 
specific), business strategy development (sustainability 
specific) 

Expert4 
New Zealand 

Industry business strategy development (general), group facilitation 

Expert5 
New Zealand 

Industry group facilitation 

Expert6 
New Zealand 

Industry 
marketing (general and sustainability specific), business 
strategy development (general and sustainability specific), 
futures studies 

Expert7 
New Zealand  

Industry 

industrial design (sustainability specific), design research 
(sustainability specific), marketing (sustainability specific), 
business strategy development (sustainability specific), 
environmental management, LCA of products 

Expert8 
USA 

Academic/ 
Industry 

engineering design (general and sustainability specific), 
industrial design (general and sustainability specific), design 
research (general and sustainability specific), marketing 
(general and sustainability specific), business strategy 
development (general and sustainability specific), 
environmental management, LCA of products, business risk 
assessment (specifically regarding CO2 issues), futures 
studies, group facilitation, industrial ecology 

Expert9 
Hong-Kong/China 

Academic/ 
Industry 

industrial design (general and sustainability specific), user 
research, product identity building, lifestyle design research   

Expert10 
New Zealand 

Industry 
engineering design (sustainability specific), business strategy 
development (sustainability specific), environmental 
management 

Expert11 
UK 

Industry 

engineering design (sustainability specific), industrial design 
(sustainability specific), design research (sustainability 
specific), marketing (sustainability specific) 
 

Expert12 
New Zealand 

Local 
Government/ 
Industry 

business strategy development (sustainability specific), 
environmental management, resource efficiency 

Expert13 
Netherlands 

Academic/ 
Industry 

futures studies, sustainable system innovation, transitions, 
technology and society, constructive technology assessment 
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Table 12 shows the breakdown of consulted experts in terms of their self-claimed expertise. Most of 

the experts claimed more than one expertise. As a result the sufficient representation of different 

expertise was achieved with a small sample size. The most frequently claimed expertise within the 

sample was sustainability specific business strategy development.     

Table 12. Breakdown of consulted experts in terms of self-claimed expertise 
Self-claimed Expertise Number of Self-claiming Experts  

Engineering design (general) 2 

Industrial design (general) 3 

Design research (general) 2 

Marketing (general) 3 

Business strategy development (general) 4 

Engineering design (sustainability specific) 4 

Industrial design (sustainability specific) 6 

Design research (sustainability specific) 5 

Marketing (sustainability specific) 4 

Business strategy development (sustainability specific) 8 

Environmental management 6 

LCA of products 3 

Business risk assessment 1 

Futures studies 3 

Group facilitation 3 

Workshops 

Sample workshop groups (henceforth, WG) representing product development teams could either be 

from the same company and designing and developing products/services or could consist of a group 

of individuals, each of whom meeting the definition given at the beginning of this section, gathered 

specifically to undertake a workshop. Three workshops were held with three sample WG 

representing product development teams. Each WG together with their respective company 

constituted three case studies, which, henceforth will be referred to as Case Study 1, Case Study 2 

and Case Study 3 (respectively for WG1, WG2, WG3).  

Case Study 1 

Case Study 1 was a small size, established (16 years old) company based in New Zealand providing 

facilitation and facilitation training services. The company did not have an official product 

development team but everyone was involved in proposing new service ideas, developing new 

services and making strategic decisions about new service introductions. There were four 

participants consisting of managers, employees and associates. The core business of the company 
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was not explicitly related to innovation for sustainability, however; the company had a commitment 

to become a sustainable organisation in 2002 and developed an action plan to achieve this. The 

action plan articulated steps the company needed to take including decreasing the environmental 

impact of their operations. Nevertheless, as a result of being a small service company, the company 

considered its major potential in influencing the society towards sustainability to be the services and 

training provided in relation to co-operative working and collective decision making.  

There were four participants in the workshop who attended all of the sessions. The stakeholders 

represented in the WG1 were managers (one), employees (one) and associates (two). 

Case Study 2 

Case Study 2 was a start-up company at the initial phases of establishment based in the Netherlands. 

This company was a for-profit spin-off of a not-for-profit organisation (i.e. a foundation). The 

foundation defined itself as ‘innovators in sustainability’ and its mission was ‘to inspire and involve 

young entrepreneurial people to co-operate on profitable solutions for environmental and social 

issues’. The foundation was dependent on external funding to fund its projects. Nevertheless, even 

though once in the incubation phase it was relatively easy to find funding for the projects coming out 

of the foundation, it was difficult to find funds/sponsors for the earlier, feasibility and pre-start 

phases of projects. In order to be able to support more projects at earlier phases financially, the 

foundation wanted to generate its own funding. However, due to the nature of not-for-profit 

organisations, there was a need for a commercial entity which could legitimately operate for profit.  

As a result, the foundation decided to establish a company and accepted participating in the research 

to investigate possible innovation paths for this start-up company towards system innovation for 

sustainability.  

The number of participants in the WG2 varied between six and ten. Six of the participants attended 

the entire workshop. The stakeholders represented in this workshop were managers (one to three), 

associates (one), employees (two to three) and volunteers (three). The volunteers are students, 

young professionals and some experts who take part in the activities and projects of the foundation 

by allocating time and sharing knowledge. Their role in the foundation ranges from operational 

(assisting in organising an event) to strategic (sounding board for management). The volunteers who 

participated in the WG2 were an industrial designer, a knowledge management intern and a 

postgraduate student researching about scenario methods.      
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This was the only case study among three which had innovation for sustainability at the core of its 

business. Even though the expected outcomes from the business of this company included new 

innovative technologies/products, the company would not be directly involved in developing these 

new products/technologies but rather would be providing services to facilitate such innovation.  This 

was also the only case study within which the scenario method was tried by a start-up company.   

Case Study 3 

The members of WG3 were not from the same organisation but were individuals who were brought 

together only for the workshop. Therefore, the company in Case Study 3 was a fictitious company 

conceived for the purpose of providing the organisational context for WG3. This fictitious company 

designed and manufactured plastic educational toys for primary school children. It was an 

established, medium-sized company. There was an emerging interest in sustainability within the 

company but it was not a strategic priority yet. The company had an official product development 

team. The headquarters and design office was in Turkey but the manufacturing plant was in 

Romania.  

WG3 consisted of ten participants. Three of the participants were practicing industrial designers and 

the rest were postgraduate students in the industrial design departments of two Turkish universities. 

The postgraduate students had bachelor degrees from different disciplines covering economy, 

industrial engineering, architecture, interior design and industrial design. The representation of 

stakeholders was done through role playing. Two of the participants who had children volunteered to 

represent the customers of the company. The rest of the participants played the roles of managers 

(two) and employees (six) in the product development team. 

This was the only case study which took place in a developing economy (as opposed to New Zealand 

and the Netherlands which are classified as advanced economies according to IMF (2009)). This was 

also the only case study in which the subject company was a fictitious one and the members of the 

WG were not from the same organisation. This case study enabled testing and improving of the 

scenario method in relation to its applicability to a group of individuals coming from different 

organisations. The applicability of the method to such groups is important since being through a 

workshop constitutes experiential learning and is crucial to transfer the knowledge of the scenario 

method to internal change agents and increase the influence potential of the scenario method. 
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These case studies enabled a variety of detailed input to be provided with a minimum number of 

workshops. To summarise: 

 Each case study was located in a different country and represented different socio-cultural and 

values perspectives;  

 The sizes of companies in each case study ranged from small to medium; 

 The type of innovation generated by the companies included products and services; 

 The level of integration of sustainability as a strategic priority into the company business ranged 

from low to high.  

8.4.3. THE METHOD  

The Schedule and Use of Action Research Cycles in the Field Work 

The phases of the cyclic process of action research were conceived originally by Lewin (1946) as 

planning, action and reflection. As noted by List (2005), there is an implicit phase of observation 

between action and reflection. As Figure 39 shows, in this research there were five distinguishable 

action research cycles (henceforth ARC). These five iterations resulted in the sixth version of the 

scenario method.  

 
Figure 39. The ARC of the field work 

The five ARC of the field work were spread over six months. In action research, it is not possible to 

know when an ARC will be finalised at the beginning of that ARC. Also, the outcome of the preceding 

ARC determines whether there is going to be another ARC. Therefore, it was not possible to set a 

fixed schedule for the field work before it started. As McNiff, Lomax and Whitehead (1996) point out, 

action research cycles are ways of disciplining the research process rather than representing the 

research itself. An action research project dynamically evolves and a whole project may indeed be a 

cycle of cycles or a spiral of spirals with a potential to continue indefinitely. In this field work, an ARC 

was accepted to be complete once both the conceptual framework and the workshop design were 
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improved mutually to result in a new version of the scenario method. In the beginning of the field 

work, it was decided to include three case studies in the field work to test and improve the scenario 

method through real-life experiments. It was also decided that these case studies should have 

different characteristics (i.e. socio-economic and cultural context, company sizes and strategic 

approaches to sustainability) to enable inclusion of diverse perspectives. However, planning for Case 

Study 2 and Case Study 3 started after the field work started. The timing of these case studies were 

left towards the (expected) end of the field work in order to make sure all changes made to the 

scenario method were tried in a real-life experiment. The field work was going to be accepted as 

completed after all of the case studies were finalised and when there were no significant changes 

brought to the scenario method at the end of an ARC.    

 
Figure 40. The schedule of the field work 

Figure 40 shows the scheduling of expert consultations as well as workshops relative to each other 

and to each ARC over the total duration of the field work. As seen, ARC successively became shorter 

indicating a progressive decrease in the new information generated in each ARC. At the end of the 

fifth ARC, no significant changes were brought to the scenario method. Therefore, the field work was 

deemed to be complete.   

Since there were only five overseas experts in the expert sample compared to eight local experts, a 

strategy was needed to counter the dominance of local experts and to avoid local perspectives 

domineering the feedback and improvement mechanism. For this aim, effort was put in to ensure 

that in each ARC at least one overseas expert was consulted, except the first consultation which 

immediately resulted in the Version 2 of the scenario method.  
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The Procedure Followed for Expert Consultations 

For the expert consultation part of the field work, initially a list of local and overseas experts who 

work in the joint area of sustainability and innovation was prepared. These experts were invited to 

participate in the research via e-mail. Those who responded positively were scheduled for one hour 

appointments. Two slightly different procedures were followed for consulting local and overseas 

experts.   

Consulting Local Experts 

At the meeting with each expert, the expert was presented with the conceptual framework and the 

workshop outline of the version current at that time with the aid of a laptop computer. Notes were 

read in order to make sure that the same message was presented to all experts for the same version 

of the method. Also, to keep visual distraction and bias which might have risen from differing visual 

preferences of experts to a minimum and to keep the focus on the content and ideas to be 

evaluated, the presentation was designed in black and white. The final version of these presentations 

(i.e. Version 4) with notes as read to the participating experts can be found in Appendix II.  

After the presentation, if there were any, the expert’s questions were answered. Once all of the 

questions were answered, an open-ended evaluation questionnaire was given to the expert to 

complete (this questionnaire can be found at Appendix III). The questionnaire was added to the other 

questionnaires completed by the other experts consulted in that cycle. All of these questionnaires 

were analysed at the end of each cycle and following reflection on the results of this analysis, and 

combining the results from the workshops if there was any in that cycle, the scenario method was 

improved.  

Consulting Overseas Experts 

In order to receive feedback from the overseas experts, the first step was to upload a slidecast (i.e. a 

slide presentation with background audio) of the current version of the scenario method to a web 

site which allows presentations to be shared, viewed and downloaded by users (see Slideshare, 

2009). The presentation accompanying the slidecast was identical to the presentation used in 

meetings with local experts in that cycle. Similarly, the audio accompanying the slidecast was 

identical to the notes which were read to the local experts during presentation of the same cycle. On 

the day of the scheduled appointment, the link of the slidecast was sent to the overseas expert via e-
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mail. The expert was instructed to send any questions he/she might have via e-mail after viewing the 

presentation. Once all questions of the expert were answered, the evaluation questionnaire was sent 

to the expert to complete and return via e-mail. All of the questionnaires were analysed at the end of 

each cycle and using the results of this analysis, combined with the results from any workshops in 

that cycle, the scenario method was improved. 

The Procedure Followed for Workshops  

Initially, a list of companies which might be interested in participating in the research by attending a 

workshop was prepared. E-mails were sent to the companies to explain the research and request 

their participation. The response was not high. Only one company responded and showed interest 

but found the duration of the workshop (a total of two days) too long. Finally a facilitation and 

facilitation training company, which had not been contacted to request participation, heard about 

the search for companies to try a scenario method and volunteered to undertake a workshop. This 

company fulfilled the local case study (Case Study 1) which was being searched for.    

In order to expose the scenario method to different socio-cultural and socio-economic contexts, it 

was decided to carry out workshops in other countries. For this aim, an organisation in the 

Netherlands which was known as highly proactive in the area of sustainability and innovation was 

contacted. This organisation agreed to participate in the research to try the method for a start-up 

company they had been planning to establish (Case Study 2). It was also decided to try the method in 

a developing country in order to gather insights about the potential of the scenario method and to 

improve the method to be suitable for developing (industrial) contexts as well as developed (post-

industrial) contexts. For this purpose, Turkey was selected since it is the home country of the 

researcher, and therefore, the researcher had established networks there which enabled formulating 

a case study suitable for the field work. A workshop was organised at the Industrial Design 

Department of Middle East Technical University, Ankara, Turkey (Case Study 3). This workshop 

targeted post-graduate students and young professionals who represented potential members of 

product development teams (see the definition given in 8.4.2).    

The procedure followed slightly differed between the first two and the last case studies due to the 

different characteristics of the last case study from the first two. However, in all of the case studies 

there were three main phases:  preparation, workshop and feedback/evaluation.  
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Phase 1: Preparation 

For Case Study 1 and Case Study 2, (phone, e-mail or online video) conversations were held with the 

person from the company who acted as the initiator/coordinator within his/her organisation and 

who arranged the schedule and organised other participants. These conversations clarified what the 

workshop would involve, what the purpose of the workshop was and what the expectations of the 

company from the workshop were. The distinction between the purpose of holding a workshop for 

the researcher (i.e. to test and improve the scenario method developed as part of the Ph.D. research) 

and for the company (i.e. to identify alternative innovation paths for [The Company] towards system 

innovation for sustainability) was made clear since this was highlighted as a common confusion 

among the participants by List (2005) from his experience. Once the schedule was set and 

participants were shortlisted, each participant were contacted individually, personally invited to the 

workshop and informed about the purpose of the workshop by the researcher. The agenda of the 

workshop was also sent to the participants via e-mail. In these correspondences each participant was 

encouraged to ask any questions they might have regarding the workshop and the research. If there 

were any questions, they were answered.  

For Case Study 3, since it was not a company but a group of individuals together representing a 

product development team, there was no one to act as a coordinator. Therefore, each participant 

was directly contacted in the first place by the researcher and briefed about the research and the 

purpose of the workshop in relation to the research. They were sent an agenda and, if there were 

any, their questions were answered. From each participant, information about their background and 

the reasons of being interested to participate in the workshop was requested in order to ensure 

diversity of professional backgrounds in the group and to be able to align the group members on 

common expectations from the workshop. On the first day, before starting the first session of the 

workshop, the group members were briefed about the characteristics of the fictitious company they 

would ‘work for’ during the workshop and allocations of stakeholder roles were made.  

The purpose of any group work and common acknowledgement of it by the group members plays a 

crucial role for the success of the group work (Hunter, Bailey & Taylor, 1999; List, 2005). Therefore, 

the purpose was not only communicated to the participants before the workshop, i.e. during the 

preparation phase, but also was written on an A3 size paper and hung in the workshop venue for all 

of the three case studies. 
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The venue for the first case study was set to be the office of the company in Auckland, New Zealand. 

For the second case study, it was again the office of the company which was in Rotterdam, the 

Netherlands. The venue for the third case study was allocated to be the studio of post-graduate 

students in the Department of Industrial Design, Middle East Technical University, in Ankara, Turkey.  

Phase 2: Workshops 

The researcher facilitated all three of the workshops. Throughout the entire process the group was 

observed and field notes were taken to be used during reflection phase of the ARC when necessary 

(details of data collection strategies are given under 8.4.4). The Case Study 1 workshop took place in 

four half day sessions over two weeks. The workshops for Case Study 2 and Case Study 3 were spread 

over two full day sessions within one week.  

Phase 3: Feedback/Evaluation 

With all three WG, at the end of each day of workshops, a brief discussion about the day was held. 

Workshop modules held on that day were evaluated by the participants. At the end of the workshop, 

questionnaires (Appendix III) were given to each participant to be completed for an overall 

evaluation of the workshop.  

8.4.4. DATA COLLECTION AND MANAGEMENT STRATEGIES 

In executing the ARC, interwoven strategies of data collection and management were used. These 

strategies were observing the participants, keeping a research journal which also was used to write 

facilitator’s notes and reflections down during preparation, execution and after completion of the 

workshops and having participants complete an open-ended questionnaire at the end of both expert 

consultation sessions and workshops.  

Open-Ended Questionnaire for Direct Feedback 

In order to receive feedback from the research participants for both of the field work components 

(i.e. expert consultations and workshops) and to improve the scenario method, open-ended 

evaluation questionnaires were used. Questionnaires were preferred over interviews in order to: 

 avoid the risk of interviewer bias (the researcher who was also the developer of the scenario 

method could have prejudgements on how to improve it and this might have influenced the 

interviewing process); 
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 ensure anonymity of the responses of the workshop participants (even though full anonymity 

could not be assured due to the nature of the group work, the responses of participants would 

remain as anonymous within that group) and; 

 provide space free from psychological pressure for expert participants (as a result of the nature 

of the consultation, i.e. to receive expert feedback, anonymity was not required for expert 

responses, however, the presence of the developer of the scenario method as the interviewer 

might have influenced the interviewing process). 

An open-ended questionnaire format with few questions was preferred rather than a highly 

structured format with many closed-ended questions in order to: 

 ensure consistency in data collection (since the aim of the field work was to test and improve 

the method, if closed questions about specific parts of the method were used, the questions 

would have to be altered every time the method was improved, i.e. at the end of each action 

research cycle); 

 avoid the risk of imposing the view of the researcher on what the participants need to be 

looking at when evaluating the scenario method;  

 allow emergence of responses in relation to elements which had not been anticipated 

beforehand but which could potentially be of high significance in improving the scenario 

method; 

 provide the necessary reflective space to the participants.  

The evaluation questionnaires given to the consulted experts and to the workshop participants were 

only slightly different. In addition to the evaluation questionnaires, professional information was 

collected from participating experts using a separate questionnaire. The questionnaires used in the 

field work can be found in Appendix III.  

Observation 

Observation, i.e. systematically watching what is happening, was used during workshops. While 

questionnaires reflected the perspective of the participants on their experience with the method, 

observation enabled the researcher to understand how the group and individual participants 

responded to certain elements of the workshop design. The whole group was observed to assess 

how well each workshop module worked as a process. Using the participant feedback in conjunction 

with observations enabled cross-checking and established the validity of observations.     
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Observations in relation to the content of the workshop for each module which, later, informed the 

reflections from each action research cycle, were recorded. In order to systematise the use of 

reflection, a set of questions was prepared to be answered for each workshop and answers were 

recorded. These questions were: 

1. What is the expected outcome (the expected outcomes from each module are given in Table 10 

under Section 7.3) from this module (if it has been achieved, analyse the following module; if it 

has not been achieved, continue with the following questions)? 

2. What has happened? Why has it happened?  

3. How could the identified issues be resolved?  

4. Has the proposed solution resolved the issue? 

The fourth question was investigated in the following action research cycle. 

Answers to these questions were integrated with feedback from expert consultation process which 

took place within that cycle. Following this a new version of the scenario method to be used in the 

next ARC was prepared.  

Research Journal 

The observations were recorded in the research journal during the workshops as soon as they were 

observed as suggested by Bailey (2007) (at quiet times when the group was engaged in a task). 

During the short group discussions at the end of each day, notes were taken to be considered during 

reflection. All of the details not related to the content of the workshop but which could have 

influenced the outcome and which would help in comparing the case studies were also logged. These 

details included:  

 The list of participants;  

 Attendance to each workshop module; 

 The starting and ending times of each day and each module;  

 Brief description of the physical environment; and 

 Any significant incident which took place during the workshops (e.g. conflict between two or 

more participants, etc.). 

After each workshop, the notes in the journal were reviewed and reflections and improvement ideas 

were written down. A summary of these reflections can be found in the next chapter where the 

results of the field research are reported. 
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Review of Journal Paper 

With one of the consulted overseas experts, the process diverged from the standard expert 

consultation method applied (i.e., make a presentation about the conceptual framework and the 

workshop design and receive feedback through a questionnaire in the course of an hour). This expert 

provided feedback intermittently over the course of four months reviewing a draft journal paper 

which saw Version 3 and Version 4 of the scenario method developed through this research. The 

feedback provided by this expert through this extensive review process is incorporated in the 

improvement of the scenario method. 

8.5. SUMMARY OF THIS CHAPTER 

This chapter reported the research methodology and design followed in carrying out the field work 

aim of which was to test and improve the scenario method. As a result of the methodological 

decisions taken and in line with the specific aim of embedding the outcome of this research into real-

life, action research was identified as the most suitable methodology to test and improve the 

scenario method. The field work was designed to consist of two interwoven components; expert 

consultations and workshops. In order to collect, manage and analyse data, a range of interwoven 

strategies were used covering observation, open ended evaluation questionnaires, and research 

journal.  

For the expert consultation component of the fieldwork, eight local and five overseas experts 

provided feedback on the scenario method. The experts consulted had varying degrees of expertise 

in areas relevant to sustainability and innovation. They also had varying degrees of working 

experiences in different socio-cultural contexts. Three workshops were held with three case studies 

representing product development teams. Two of these case studies were located in developed 

(post-industrial) and one of the case studies was located in a developing (industrial) country. The 

case studies included an established, a start-up and a fictitious company. The diversity in the 

expertise and experience of the consulted experts and the characteristics of the case studies used in 

workshops were aimed to enable diversity in the views and perspectives which were used to improve 

the scenario method.  

The field work took place over a six months period and covered five action research cycles at the end 

of which the sixth version of the scenario method was released.  The next chapter reports the results 

of the field work.  
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9. FIELD WORK RESULTS 

9.1. INTRODUCTION  

The field work consisted of five ARC and was undertaken under an action research methodology 

framework based on the research design explained in Chapter 8. The gathering and analysis of data 

was a continuous process spread over the duration of the field work (i.e. six months) due to the 

iterative nature of action research methodology. In each ARC data had to be collated from different 

activities involved in that particular ARC (i.e. observation, expert feedback, workshop participant 

feedback), analysed, reflections/insights were noted down. Based on these reflections/insights, 

modifications were brought to the scenario method in order to improve it and a new version of the 

scenario method was released. This new version of the scenario method was tested and improved if 

necessary in the following ARC. The first section of this chapter reports the consolidated results of 

ARC and provides the final version of the scenario method. As much as reporting the final outcome 

(i.e. final version of the scenario method) of the field work was important to establish contribution of 

this research, documenting the entire iterative process (i.e. the reflections/insights and modifications 

from each ARC) was important to establish the validity of the chain of logic which resulted in the final 

outcome. Therefore, the detailed documentation of results of each ARC is provided in Appendix IV.  

The results of the ARC, in addition to the conceptual framework the scenario method is based on and 

the workshop design as the method’s operational tool, enabled improvement of a third aspect 

associated with the scenario method: the facilitation of the workshop process. The feedback of 

workshop participants on facilitation and learnings obtained from facilitating these workshops are 

incorporated in the Facilitators’ Guide (Appendix V). 

The second part of this chapter provides the summary of the results of the evaluation of the scenario 

method to support the argument that it is a valuable method to link the product development level 

to the societal level in system innovation for sustainability. The detailed results of this evaluation are 

provided in Appendix VI.   
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9.2. TESTING AND IMPROVING THE SCENARIO METHOD  

9.2.1. SUMMARY OF ARC RESULTS: CHANGES TO THE CRITERIA AND WORKSHOP 

DESIGN 

Table 13 shows the final criteria establishing the conceptual framework and the workshop modules 

corresponding to these criteria.  Figure 41 provides a timeline of ARC to show when each 

modification was made with respect to the ARC.  

Table 13. The final criteria establishing the conceptual framework of the scenario method and the 
corresponding workshop modules  

Code Criteria Code 
Corresponding 
Workshop 
Module(s) 

Crit 1 
The scenario method should be based on the strong 
sustainability model. 

Mod A We are a System 
Crit 2 

The scenario method should enable businesses to model 
themselves within the strong sustainability model. 

Crit 3 

The scenario method should link the planning periods 
applicable to companies (operational and strategic) to 
the long-term planning period (visionary) in order to 
enable companies to address long-term societal visions 
in their strategies and effectively implement these 
strategies in product development. 

Mod B Visions 

Mod C Social Function 

Crit 4 

The scenario method should aid companies in 
identifying not only technology development 
requirements but also organisational/human 
development requirements. 

Mod D Products/Services 

Mod E Stakeholders 

Mod F Action Plan 

Crit 5 

The scenario method should aid companies in 
developing integrated business strategies aligned with 
societal level sustainability visions and day-to-day 
business activities and should facilitate integration of all 
business functions in line with the company strategy. 

Mod B Visions 

Mod G 
Scenario 
Development 

Crit 6 

The scenario method should have a double-flow 
approach in order to link present and future in a realistic 
way and enable identification of alternative innovation 
paths which are possible from a technological point of 
view, acceptable from a social/cultural point of view and 
desirable from a sustainability point of view. 

Mod G 
Scenario 
Development 

Crit 7 

The scenario method should have a layered risk 
approach in order to identify implications of overarching 
sustainability risks on the companies’ business as 
contextual risks. This way, sustainability can be 
internalised in the companies’ organizational and 
product development strategy and active participation 
of companies in setting sustainability visions at societal 
level can be enabled. 

Mod H 
Risks to 
Sustainability and 
Implications 
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Figure 41. Timeline of modifications brought to the scenario method 

ARC 1 saw a rapid maturation. Only one expert consultation was carried out during this cycle. At the 

end of this consultation both the conceptual framework and the workshop design were changed, 

therefore, the cycle was completed. At the end of this cycle two new criteria were added to the 

conceptual framework of the scenario method and based on these criteria a new module (i.e. ‘We 

are a System’) was developed and included in the workshop design.  

ARC 2 consisted of consulting one overseas and three local experts and holding a workshop with Case 

Study 1. This case study provided the opportunity to try the scenario method with a service 

company. No evidence was encountered to disprove that the method could be used for service 

innovation. Since originally the method used the concept of social function to break mental models 

based on the characteristics of present products and services, and since a function can be met by a 
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service as well as a product no specific changes were identified to be necessary to render the 

scenario method applicable by service companies. This ARC provided input mainly to improve the 

workshop design. At the end of this cycle, four new modules (i.e. visioning, social function, 

products/services, and stakeholders) which were implicit in the original workshop design were made 

explicit and identified as separate modules. The risks module was improved to make sure that the 

workshop participants do not overlook any sustainability risks relevant to the business of the 

company.   

ARC 3 consisted of one overseas and three local expert consultations. It provided input mainly in 

relation to the conceptual framework of the scenario method. During this cycle the scope of 

application of the scenario method was further clarified.  The expert consultations which took place 

in this ARC highlighted that the workshop process might not be readily adoptable by organisations 

which had not committed to achieving sustainability since the precondition was the will of the 

organisations to try the method. Therefore, the method was not likely influence companies at all 

levels of awareness/commitment towards sustainability unless an internal change agent actively 

undertook the mission of convincing a group of people to participate in a workshop. Eventually, 

without the commitment of the upper management, change would not take place. However, the 

non-commitment at managerial level in the earlier phases of a change project did not necessarily 

determine the outcome as negative since the momentum to change might develop in the 

organisation and a group of pro-change people could later convince the managers. The scenario 

method could help a group of innovative people in an organisation in building a business case to 

present to the management. This emphasised the importance of initially targeting internal change 

agents for the adoption of the scenario method. Internal change agents can be anyone and anywhere 

in the organisation; they can be board members, CEOs, executives, managers but also any member of 

the staff (Dunphy, Griffiths, & Benn, 2007). Therefore, since the scenario method was originally 

planned to be used by a product development team in a company, in order to transfer the 

knowledge of the scenario method to internal change agents, the workshop design should also be 

applicable in groups of individuals from different organisations. As a result, a variation of the 

workshop design has been formulated to suit to a group of individuals coming from different 

organisations in order to transfer the knowledge of the scenario method to potential internal change 

agents. This variation was tested later in ARC 5 with Case Study 3. ARC 3 also revealed that three 

separate modules for scenario development activity (i.e. forward scenarios, backward scenarios and 

alignment modules) were not necessary. Given the group is large enough, developing backward and 

forward scenarios simultaneously as two sub-groups and cross-fertilising these two sub-groups by 

exchanging members generates automatic alignment of two flows.  



165 
 

ARC 4 consisted of consulting one overseas and three local experts and a workshop with Case Study 

2. This case study provided the opportunity to try the scenario method with a start-up company. No 

evidence was encountered to disprove that the method could be used for start-up companies. This 

case study, similar to Case Study 1 was a service company. Therefore, this case study strengthened 

the claim that the scenario method is suitable to be used by service companies. This was also the 

only case study among three which had innovation for sustainability at the core of its business. No 

evidence was encountered to indicate that the scenario method is more suitable to be used by 

companies with higher proactivity in relation to sustainability. This ARC provided input mainly in 

relation to the workshop design and helped to further clarify the scope of application of the scenario 

method. At the end of this ARC, improvements were brought to two modules (i.e. ‘We are a System’ 

and Products/Services). The expected outcome of the ‘We are a System’ was changed from a model 

strictly portraying three concentric circles to one which demonstrates an understanding of the 

hierarchical relationships and interdependencies between the environment, society and economy. A 

process to evaluate ideas was incorporated in the Products/Services module of the workshop design. 

This process was not seen as an essential element for the scenario method; therefore, it was 

identified as optional and could be used in groups which chose to undertake such evaluation. The 

process would only focus on the evaluation of short-term ideas in order not to jeopardise premature 

dismissal of product/service ideas for the longer term. Also, this process should not involve deletion 

of any of the ideas from the scenario map even if they were voted off during the evaluation as these 

ideas might prove useful later.  

ARC 5 consisted of one workshop with Case Study 3. In this ARC the variation of the workshop design 

developed at the end of ARC 3 was tested for its applicability to a group of individuals coming from 

different organisations. The differences in this workshop design covered formulating a fictitious 

company and presenting it to the workshop participants to work on during the workshop. In 

addition, since this was a group consisting of unrelated individuals worked on a fictitious company, 

the stakeholder and action plan modules were not held but the group was briefed about how to run 

these two modules. With this group, the social function and visioning modules were quite 

challenging. The participants had problems with identifying a social function which everybody agreed 

upon. The participants did not have a difficulty in developing societal level visions mitigating the risks 

identified as threats to the sustainability of society. However, the generation of visions regarding 

how the social function is being met in that society had been challenging since they had to imagine 

how the social function (which they had difficulty in identifying) was being met in the long term. The 

discussions with the participants indicated that the problem arose because the group was not a real 

team and was working on a fictitious company/product scenario. The participants’ responses were 
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not based on real life experience with the company/product and they were not familiar with the 

characteristics of the fictitious company which was their scenario for the purposes of the workshop. 

Case Study 3 was the only manufacturing company case included in the field work. Even though the 

scenario development module was successful, the product/service ideas generated were not path 

breaking. In manufacturing companies, defining the social function based on the current product(s) 

the company is producing might be counterproductive for two reasons. First, as experienced in Case 

Study 3, for a very specific product, participants might find it hard to formulate a social function 

which will remain unchanged in the long term.  Second, the social function of a product might be 

useful in developing forward flowing explorative scenarios to start thinking at the conceptual level 

and generate innovation ideas based on the current product and technologies. But, when developing 

backward flowing scenarios, since future opportunities may be completely different from the 

activities the company conducts currently, the more effective approach might be focusing on the 

societal vision of sustainability and the core competencies of the company. This way innovation ideas 

based on opportunities which are likely to rise on the way to achieve sustainability might be 

generated (J. McLaren, personal communication, November 30, 2009) and the innovation paths can 

be directed towards fulfilling societal needs. Following these reflections, changes were brought to 

how social function was used in the scenario development module. The workshop design was 

changed to use social function only during the development of explorative scenarios in order to 

exploit the emerging opportunities. In developing the backward flowing scenarios, the focus would 

be on achieving the societal level vision of sustainability and core competencies of the company. The 

changes brought to the workshop design would only apply to the workshops undertaken by 

manufacturing companies since, with service companies, social function proved to be conceptual 

enough and worked equally successfully in development of both forward and backward flowing 

scenarios.  

Case Study 3 was the only case study which took place in a developing (i.e. industrial) economy. No 

evidence was encountered to disprove that the method could be used for companies in developing 

economies. 

9.2.2. CONSOLIDATED RESULTS: THE FINAL VERSION OF THE SCENARIO METHOD 

Based on the changes and improvements brought to the criteria, the outline of the scenario method 

has changed. Figure 42 provides the final version of the scenario method outline. 
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Figure 42. The final version of the scenario method outline 

The workshop design has changed based on the improvements/changes brought to the criteria and 

the outline. Table 14 shows the progression of the workshop modules along with brief explanations 
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of what the module involves and what are the expected outcomes. This table also provides indicative 

times for completion of each module. Details of the workshop schedule and design are provided in 

the Facilitator’s Guide (Appendix V). 

Table 14. The progression, outcomes and indicative minimum required duration for the completion 
of workshop modules 

 
Minimum 
Duration 

Module Activity Outcome/Deliverable 

1
st

 H
al

f-
D

ay
 

45 mins. 0. Introduction 

1. The participants check-in; 2. The 
facilitator briefs the group about 
the purpose and agenda of the 
workshop and gives a short 
presentation clarifying the 
concepts used.  

Outcome: Everybody checked-
in, common understanding of 
the purpose of the workshop 
and the concepts used, group 
ready to start. 

40 mins. 
1. We are a 
system 

1. The group builds a world model 
showing the interrelationships 
between the environment, society 
and economy; 2. The participants 
position their organisation on this 
world model and articulate the 
interactions taking place between 
each sub-system and their 
organisation;  
3. (Optional) The participants draw 
a life-cycle map of one of their 
organisation’s product/service.  

Outcome: Participants 
understand the irreversible, 
hierarchical relationships 
between the environment, 
society and economy. The 
participants understand the 
major interactions taking place 
and dependencies between 
their organisation and the 
environment, society and 
economy.    
Deliverable: A world model 
based on the hierarchical 
interdependencies between the 
environment, society and 
economy showing the 
interactions taking place 
between the organisation and 
the environment, society and 
economy.  

80 mins. 2. Risks 

1. The group prepares a list of risks 
to sustainability; 2. The facilitator 
checks this list against a pre-
prepared list compiled from 
different resources (e.g. Kates et 
al., 2001; MEA, 2005; IPPC, 2007; 
UNEP, 2009b) and makes 
suggestions to expand the list if 
any risk relevant to the 
organisation is missing; 3. These 
risks are mapped on the world 
model the group built in the 
previous module and the dynamic 
relationships between them are 
identified; 4. The participants 

Outcome: The group 
understands how long-term 
wider-scale sustainability risks 
which threaten the society do 
and will affect the 
organisation’s business and 
products/services it delivers. 
Deliverable: A list of risks to 
sustainability; a risk map 
(mapped on the world model 
developed in the previous 
module) showing dynamic 
relationships between risks; a 
list of implications of risks to 
sustainability on the 
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identify implications of the risks to 
sustainability to the business of 
their organisation.   

organisation and the 
products/services it delivers.  

2
n

d
 H

al
f-

D
ay

 

60 mins. 
3. Social 
Function 

1. The group identifies the social 
function fulfilled by the 
products/services offered by the 
organisation 

Outcome: The group starts to 
think conceptually and is able to 
shift the existential focus of the 
organisation from itself to the 
wider context of society. 
Deliverable: Written expression 
of social function. 

105 min. 4. Visions 

1. The group develops a normative 
vision for a sustainable society 
within which the risks identified in 
the previous section are mitigated/ 
managed/adapted to; 2. The group 
develops an organisational vision 
(can be referenced to the social 
function the organisation would 
like to fulfil) compatible with the 
vision of a sustainable society. 

Outcome: The group involves in 
development of societal visions 
for sustainability and 
understands the systemic 
relations between the future of 
the society and their 
organisation. The group 
understands how institutional 
and social/cultural changes 
need to go in parallel with 
organisational and technological 
innovations to achieve 
sustainability.  
Deliverable: Vision(s) of a 
sustainable society documented 
on paper in written form (can 
be accompanied with imagery).  

3
rd

 H
al

f-
D

ay
 

130 mins. 
5. Scenario 
Development 

1. The group is divided into two 
sub-groups; 2. One group develops 
forward flowing, explorative 
scenarios; 3. The other group 
develops backward flowing, 
normative scenarios; 4. Some 
group members switch between 
groups to cross-fertilise each flow; 
5. Two groups share their work 
with each other; 6. Aligning paths 
are identified and further work can 
be done to help some other paths 
to align.   

Outcome: The group gains an 
understanding on the 
availability and characteristics 
of the possible innovation paths 
the organisation can use 
towards system innovation. 
Deliverable: A scenario map 

4
th

 H
al

f-
D

ay
 

50 mins. 
6. Products/ 
Services  

1. The group brainstorms to 
generate product/service ideas 
which can be introduced if 
particular events anticipated 
happen; 2. These ideas are mapped 
on the scenario map; 3. (Optional) 
The product/service ideas are 
evaluated. 

Outcome: The group gains an 
understanding on the 
availability and characteristics 
of products/services that can be 
introduced along the innovation 
paths developed in the previous 
module. 
Deliverable: A scenario map 
with the products/services layer 
added onto it.  
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50 mins. 
7. 
Stakeholders 

1. The group prepares a list of 
stakeholders; 2. The group maps 
the stakeholders on the two-axis 
stakeholder model; 3. The group 
maps the stakeholders on the 
event trees or connections of the 
scenario map where they are likely 
to be most influential. 

Outcome: The group gains an 
understanding of the current 
and future stakeholders, their 
intentions and possible 
influences along the innovation 
paths identified.  
Deliverable: A list of 
stakeholders, a stakeholder 
map and a scenario map with 
the products/services and 
stakeholders layers added onto 
it.  

50 mins. 8. Action Plan 

1. The group reviews the scenario 
map; 2. The group identifies 
actions to be taken in the following 
week, month, year; 3. For each 
action identified, a responsible 
person is allocated; 4. A follow-up 
meeting to review the scenario 
map is scheduled in a year’s time.  

Outcome: The group identifies 
the immediate steps needed to 
be taken to realise the 
innovation paths towards 
system innovation for 
sustainability and commitment 
is established to the action plan 
developed.  
Deliverable: An action plan 
agreed upon by the participants 
and documented in written 
form. 

 

9.3. EVALUATION OF THE SCENARIO METHOD 

9.3.1. PARTICIPANT EVALUATION  

This section reports the evaluation of the scenario method by the research participants. The results 

reported here are based on the evaluation questionnaires (Appendix III) completed by the 

participants either after an expert consultation session or a workshop. This section does not report 

the recommendations made by the participants to improve the method since these were already 

addressed in the previous section (and in detail in Appendix IV) and used to improve the method. 

Expert Consultation  

Table 15 provides a summary of the responses given by the participating experts to the two closed 

evaluation questions asked in the evaluation questionnaire. All of the 13 experts consulted stated 

that, in an overall assessment, the scenario method can aid product development teams to 

incorporate sustainability issues into their decision making in an effective way. Eleven of the experts 

stated that, in an overall assessment, the scenario method can influence the business transformation 
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which needs to take place as part of the societal transformation to achieve sustainability. Two of the 

experts stated that they did not know if the scenario method could achieve such business 

transformation.  

Table 15. Summary of the evaluation of the scenario method by the expert participants 

Question Response No. of Experts 

In an overall assessment, do you think the scenario method can aid 
product development teams to incorporate sustainability issues into 
their decision making in an effective way? 

Yes 13 

No 0 

Don’t know 0 

In an overall assessment, do you think the scenario method can 
influence the business transformation which needs to take place as 
part of the societal transformation to achieve sustainability? 

Yes 11 

No 0 

Don’t know 2 

The most commonly cited useful or interesting part of the scenario method by the participating 

experts was the double-flow approach to scenario development. Seven out of 13 experts explicitly 

stated the double-flow approach as useful and interesting in their responses. The main reason given 

by all of these seven experts was that linking present and long-term using a double-flow approach to 

scenario development and aiming for alignment in the middle would render the process meaningful 

for businesses and would increase the likeliness of business adoption of the scenario method.  There 

was no commonly cited least useful/interesting part of the method by the experts.  

Workshops 

Table 16 provides a summary of the responses given by the workshop participants to the three 

closed evaluation questions asked in the evaluation questionnaire. Even though in total 24 people 

participated in the workshops, as a result of the replacements in Case Study 2, only 20 people have 

participated through the entire process. Therefore, six participants have not responded to the overall 

assessment questions. All of the 20 participants who participated in the entire workshop stated that, 

in an overall assessment, the scenario method can aid product development teams to incorporate 

sustainability issues into their decision making in an effective way. Sixteen of the participants stated 

that, in an overall assessment, the scenario method can influence the business transformation which 

needs to take place as part of the societal transformation to achieve sustainability. Three of the 

participants stated that they did not know if the scenario method could achieve such business 

transformation. One participant stated that she/he does not think the scenario method can influence 

such business transformation. The third question in the questionnaires was answered only by 

participants of Case Study 1 and Case Study 2 and since it was not applicable to Case Study 3. This 

question inquired whether the participants thought the activity was worthwhile for the company. 
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Since this question was not applicable to Case Study 3, only ten participants of Case Study 1 and Case 

Study 2 who had been though the entire workshop responded this question and all of them stated 

that in an overall assessment the activity was worthwhile for their company.  

Table 16. Summary of the evaluation of the scenario method by the workshop participants 

Question Response No. of Particip. 

In an overall assessment, do you think the scenario method can 
aid product development teams to incorporate sustainability 
issues into their decision making in an effective way? 

Yes 20 out of 20 

No 0 

Don’t know 0 

In an overall assessment, do you think the scenario method can 
influence the business transformation which needs to take place 
as part of the societal transformation to achieve sustainability? 

Yes 16 out of 20 

No 1 out of 20 

Don’t know 3 out of 20 

In an overall assessment, do you think the activity was worthwhile 
for the company? 

Yes 10 out of 10 

No 0 

Don’t know 0 

The most commonly cited useful/interesting part of the scenario method by the workshop 

participants was the forward-backward scenario development part. Fourteen participants explicitly 

stated that developing explorative and backcasting scenarios was (one of) the best parts of the entire 

process since it opened up possibilities and demonstrated how a vision can be achieved in a step-by-

step manner. For these participants, the scenario development module was the one which made all 

of the other modules meaningful. This module is cited as one of the most useful/interesting parts of 

the scenario method by participants of all three case studies. The other module which was cited by 

all three case studies as one of the most useful/interesting parts was the ‘We are a System’ module. 

Participants reported that this module gave them new insights about how businesses relate to the 

bigger picture of the society and to the environment.  

There was no cross-case correlation in relation to the least useful/least interesting part of the 

scenario method; however, there was internal consistency within the case studies. The participants 

in Case Study 1 did not identify any specific module as least interesting or least useful. For five 

participants in Case Study 2, the stakeholder module was stated as the least interesting/useful 

module. Three of these participants stated that preparing a list of the stakeholders was useful but 

trying to place them on the provided stakeholder map which has supply/power axes was frustrating. 

For Case Study 3, the part which was found by the majority of the participants (six) as the least 

useful/interesting was the second part of the visions module where the participants were supposed 

to develop an organisational vision articulating how their social function is being met in the societal 

level vision and what the characteristics of their organisation in this society were. 
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9.3.2. EVALUATION OF THE SCENARIO METHOD AGAINST EFFECTIVENESS CRITERIA 

FOR FUTURES WORK  

This section evaluates the effectiveness of the scenario method as a futures work. The evaluation is 

based on the outcomes of the workshops carried out with three case studies. For the evaluation, the 

effectiveness model and criteria developed by List (2005) to evaluate futures work are used with 

some modifications to fit this research.    

Table 17 shows the effectiveness model for futures work. As seen, there are three levels of this 

model, implementation, influence and application. The first level, implementation, assesses whether 

the activity took place as planned and stands as a prerequisite for the rest of the evaluation since if 

the process did not go ahead as planned or did not happen at all evaluation cannot take place. The 

second level of the model, influence, assesses the influence of the process on the participants and 

the third level, application, assesses the effectiveness of the application of the process.  

Table 17. The effectiveness of futures work model by List (2005) 

Level Label Description of the effectiveness label 

1 Implementation 
The process goes ahead as planned without practical problems in 
execution. 

2 Influence 
The process influences participants to change their thinking and 
perceptions. 

3 Application 
The participants are able to use the output of the process and such 
use contributes to their entity’s achievement of goals. 

List’s (2005) focus was on organisations and his research was not related to sustainability. In 

addition, he was not aiming to link organisations to the rest of the socio-technical system in a 

systemic way. Therefore, the effectiveness model developed by him focused only on the entities 

undertaking the process and success was defined in line with the goals of the entity regardless of the 

impacts of those goals on the environment and the society. For the purposes of this research, there 

was a need to clarify and/or alter the definitions of effectiveness labels so that they would be aligned 

with the overall objective of the research. Table 18 shows the modified effectiveness model.  
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Table 18. The effectiveness of futures work for sustainability model    

Level Label Description of the effectiveness label 

1 Implementation 
The process goes ahead as planned without practical problems in 
execution. 

2 Influence 

The process influences participants to change their thinking and 
perceptions about the future, their entity and how their entity 
relates to the rest of the socio-technical system in achieving 
sustainability. 

3 Application 
The participants are able to use the output of the process and such 
use contributes to their entity’s achievement of goals towards 
system innovation for sustainability. 

List (2005) developed evaluation criteria to be used in conjunction with the effectiveness model. 

Table 19 lists these criteria at each effectiveness level. The first nine of these criteria need to be 

assessed during the field work; before, during or right after the workshops. The last three criteria 

need to be assessed during follow-up after a sufficiently long period of time to compare the 

situations before and after the organisation has been through the futures inquiry process. The fifth 

criterion can only be assessed partially during implementation (i.e. ‘anticipations are expressed 

specifically’) and full assessment (i.e. ‘anticipations can be tracked and confirmed’) can only be 

carried out during follow-up. Further research is necessary to fully assess the fifth and the last three 

criteria as these require sufficient time for implementation and application of the process, which was 

beyond the scope and capability of this research.  

Table 19. Evaluation criteria developed by List (2005) for each effectiveness level 

Effectiveness Level Criterion 

Implementation 

1. The purpose of the futures work is made explicit to all involved. 

2.  Participants’ initial assumptions are challenged, focus broadened, and 
their perceptions reframed. 

3. Each possibility is explored with equal attention, not neglecting any that 
seem awkward or inconvenient. 

4. Workshop participants include all major stakeholder groups, covering all 
likely impinging systems. 

5. Anticipations are expressed specifically enough that they can be tracked 
and confirmed. 

Influence 

6. Participants are satisfied with the process, feeling the activity was 
worthwhile. 

7. Participants gain more detailed perceptions of future possibilities. The 
process creates ‘future memory’ to help prepare for later action. 

8. Participants feel empowered and stimulated to act. 

Application 

9. The output is directly usable by the entity. 

10. As a result of the process, the entity becomes more future-oriented, 
more open to divergent thinking, and more adaptable to change. 

11. The broad situation is successfully anticipated. 

12. The process results in action for change: in the entity, or in participants’ 
behaviour. 



175 
 

The criteria to be used for assessment in this research need to be modified to reflect the changes 

made to the effectiveness model.  Table 20 shows the evaluation criteria derived from the criteria of 

List (2005) to reflect the changes made to the effectiveness model and where the evidence for each 

criterion can be found.  

Table 20. The evaluation criteria used to assess the effectiveness of the scenario method developed 
in this research and the sources of evidence 

Effectiveness 
Level 

Criterion Source of Evidence 

Implementation 

1. The purpose of the futures work is 
made explicit to all involved. 

Agenda, e-mails, facilitator’s notes 
and participant feedback  

2.  Participants’ initial assumptions are 
challenged, focus broadened, and their 
perceptions reframed both about the 
future of their entity and how their 
entity relates to the rest of the socio-
technical system. 

Participant feedback, facilitator’s 
notes from ‘We are a System’ and 
‘Social Function’ modules.   

3. Each possibility leading towards the 
developed vision is explored with equal 
attention, not neglecting any that seem 
awkward or inconvenient. 

Participant feedback, facilitator’s 
notes 

4. Workshop participants include all 
major stakeholder groups, covering all 
likely impinging systems. 

Attendance data, stakeholder map 

5. Anticipations are expressed specifically 
enough that they can be tracked. 

Analysis of the final scenario map 

Influence 

6. Participants are satisfied with the 
process, feeling the activity was 
worthwhile. 

Attendance data, participant 
feedback 

7. Participants gain more detailed 
perceptions of future possibilities. The 
process creates ‘future memory’ to 
help prepare for later action. 

Participant feedback 

8. Participants feel empowered and 
stimulated to act to move their entity 
and activities towards system 
innovation for sustainability. 

Participants feedback, action plan 

Application 
9. The output is directly usable by the 

entity to achieve its goals towards 
system innovation for sustainability. 

Participant feedback, entity 
managers’ feedback 
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Table 21 provides an overall summary of the evaluations for all case studies based on these criteria 

(detailed documentation of evaluation of each case study against effectiveness criteria can be found 

in Appendix VI). As seen, the evaluation provided supporting evidence that the scenario method 

developed in this research is effective as a futures work for sustainability.  

Table 21. Evaluation of the effectiveness of the scenario method for all case studies: summary  

Criterion Case Study 1 Case Study 2 Case Study 3 

1.  Fulfilled Fulfilled Fulfilled 

2.  Fulfilled Fulfilled Fulfilled 

3.  Fulfilled Fulfilled Fulfilled 

4.  Partially fulfilled Partially fulfilled Not applicable 

5.  Fulfilled Fulfilled Fulfilled 

6.  Fulfilled Fulfilled Partially fulfilled 

7.  Fulfilled Partially fulfilled Fulfilled 

8.  Fulfilled Fulfilled Fulfilled 

9.  Fulfilled Fulfilled Not applicable 

9.3.3. EVALUATION OF THE POTENTIAL OF THE SCENARIO METHOD TO AID IN 

ACHIEVING SYSTEM INNOVATION FOR SUSTAINABILITY 

This section provides evaluation of the potential of the scenario method to aid product development 

teams in their involvement in system innovation for sustainability. The assessment is based on the 

outcomes of the workshops carried out with three case studies. The evaluation provides supporting 

evidence for the general claim that the scenario method developed in this research is a valuable 

method.   

Considering specific characteristic of this research, four design criteria were developed to guide the 

design of the operational tool of the scenario method in conjunction with List’s (2005) design criteria 

and were presented in  Section 7.3 (see Table 9). Based on those four design criteria, criteria were 

developed to evaluate the scenario method in terms of its potential to aid in system innovation for 

sustainability.  These evaluation criteria were:  

1. The participants understand the hierarchical irreversible relationships between the 

environment, society and economy and between their organisation and these three sub-

systems;  

2. The participants understand the issues threatening the sustainability of the society (i.e. risks to 

sustainability of the society), the dynamic relationships among these issues and the implications 

of these on their business; 



177 
 

3. The participants are able to generate normative long-term societal visions within which the risks 

to sustainability are mitigated/managed/adapted to by the society through a combination of 

institutional, social/cultural, organisational and technological changes, and; 

4. The participants are able to develop a scenario map linking the present of their organisation and 

products/services to the normative vision of a sustainable society. 

Table 22. The modules outcomes of which provided evidence to evaluate the scenario method in 
terms of its potential to aid towards system innovation for sustainability   

Criterion Corresponding Module Sources of evidence 

1.  We are a System 
Models drawn by the participants in the ‘We are a System’ 
Module, facilitator’s notes on the discussion which took 
place during group work 

2.  Risks 
The lists of sustainability risks and dynamic risk maps 
prepared by the participants, the facilitator’s notes on the 
discussion which took place during group work 

3.  Visions 
The visions developed by the participants, the facilitator’s 
notes on the discussion which took place during group work 

4.  Scenario Development The scenario maps developed by the participants 

The workshop modules providing evidence to evaluate the scenario method against the criteria listed 

above and the sources of that evidence in the corresponding modules are shown in Table 22. Below 

an overall summary of the evaluation for all case studies against each criterion is provided (detailed 

documentation of evaluation of each case study against evaluation criteria can be found in Appendix 

VI).  

Criterion 1: Have the participants understood the hierarchical irreversible relationships between 
the environment, society and economy and between their organisation and these three sub-
systems?  

This criterion was fulfilled in all three of the case studies. Figure 43 shows the models drawn by WG 

of each case study in ‘We are a System’ modules.  All of the models - both world and organisational –

developed and the group discussions which took place during each of the ‘We are a System’ modules 

clearly demonstrated that all three of the WG understood the hierarchical, irreversible relationships 

between the environment, society and economy and between these systems and their respective 

organisation.   
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Figure 43. The models drawn by WG in ‘We are a System’ modules of Case Study 1, Case Study 2 and 
Case Study 3 workshops 
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Criterion 2: Have the participants understood the issues threatening the sustainability of the 
society (i.e. risks to sustainability of the society), the dynamic relationships among these issues and 
the implications of these on the business or their organisation?  

This criterion was partially fulfilled in all three of the case studies. The evidence (i.e. lists of 

sustainability risks prepared by each WG) indicated that for all three of the WG, the participants 

were able to identify the implications of risks to sustainability on their business however they were 

bound by their preconceived ideas on what those implications were and how they can respond to 

them. Nevertheless, this difficulty is not an inherent shortcoming of the scenario method. It can be 

overcome by carrying out preparatory research before the workshop about the probabilities and 

consequences of the sustainability risks. This preparatory research can either be done by the 

facilitator or, if they are willing to, by the participants. Another strategy to overcome this difficulty 

may be inviting an expert to the workshop. 

Even though the different perspectives influenced the outcome in relation to the perceived priorities, 

the participants were still able to come up with a comprehensive list or were able to articulate 

verbally indicating that they understood the issues threatening the sustainability of society. They 

were also able to show how those risks dynamically influenced each other after being introduced to 

developing simple diagrams to demonstrate dynamic relationships between system parameters. 

Figure 44 shows a segment of the dynamic map developed by WG2 in Case Study 2 workshop as an 

example. 

 
Figure 44. Segment of the dynamic risk map developed in Case Study 2 workshop 
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Criterion 3: Were the participants able to generate normative long-term societal visions within 

which the risks to sustainability were mitigated/managed/adapted to by the society through a 

combination of institutional, social/cultural, organisational and technological changes? 

 
Figure 45. Sustainable society visions developed by WG in the visions module of Case Study 1, Case 
Study 2 and Case Study 3 workshops 
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Figure 45 shows the normative visions of sustainable societies developed by WGs in all three case 

studies. Based on the evidence found in the normative visions developed by all three WGs and the 

discussions which took place during the group work it was concluded that this criterion was fulfilled 

by WG1 and WG3 and only partially fulfilled by WG2.  

The normative vision developed by WG1 addressed all of the high priority risks they identified and 

some risks not identified as high priority risks. This WG generated some technological breakthrough 

ideas as well as institutional and behavioural changes which potentially mitigate/manage the risks to 

sustainability they identified in the risks module.  

Even though the risks identified by WG2 demonstrated a high-level understanding of sustainability 

issues, the resulting vision addressed those risks only to a certain extent. One reason of not achieving 

development of a long-term vision might be the group’s preoccupation with generating solutions for 

sustainability issues presently. Since the group already put a lot of thought and had preconceived 

ideas on how to achieve innovation for sustainability, they had difficulty in focusing on long term or 

seeing their present activities in the context of long term. In facilitating this workshop it was assumed 

that there would be no need to explain the reasons behind using a 50-plus years time frame since the 

core business of the group was innovation for sustainability and this case study was based in the 

Netherlands; i.e. the country where system innovation theory and related projects were initiated and 

mainly coming from currently. In facilitating the other two workshops, the reasons behind the 

selection of 50-plus years time frame were explained and no similar problems were encountered. 

Therefore, the difficulty experienced with this group does not indicate a short-coming from the 

perspective of evaluating the scenario method but rather a short-coming of the facilitation of this 

module in this case study. 

The vision developed by WG3 addressed all of the risks identified as high-priority by the group as well 

as many of the risks not identified as high-priority through a combination of institutional, 

social/cultural, organisational and technological changes. Nevertheless, the majority of the solutions 

anticipated by the group were focused on behavioural and cultural change.  

Criterion 4: Were the scenario maps developed by the participants able to link present to the long-

term future visions of a sustainable society they developed enabling alternative innovation paths 

to be identified?  

This criterion was fulfilled in all three of the case studies. Figure 46 shows the general structure of 

the maps produced which was achieved with all three case studies with varying degrees of detail of 
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innovation paths. The degree of detail of innovation paths was directly proportional to the number of 

event trees generated by the participants. The number of event trees was directly proportional to 

the number of participants and the time allocated to the task of scenario development. However, the 

scenario maps developed by all three WGs were able to link present to the long-term future visions 

of a sustainable society and enabled identification of alternative innovation paths. 

 
Figure 46. The generic structure of scenario maps generated during the workshops 

9.4. OUTSTANDING ISSUES RELATED TO THE SCENARIO METHOD 

9.4.1. TRADE-OFF: TIME/COST EFFICIENCY VERSUS DEPTH 

Despite the overall success of the scenario method, there are some outstanding issues related to 

specific features of the method which need to be acknowledged. The first of these issues is the trade-

off between the amount of time allocated to the workshops and the amount of detail which can be 

achieved in the outcomes (i.e. risk analysis, visions, scenario map). The efficient use of time was 

identified as a design criterion in designing the workshop (see Section 7.3 for details). This is also 

required to keep the man-hour costs of running a workshop down. However, the two-day schedule, 

also depending on the pace of the group progress, remains insufficient to generate a sufficiently 

detailed scenario map. Any module in the workshop can be expanded to generate more detailed 

outcomes. For example, the products/services module can be expanded to a full day to enable 

accommodation of processes specifically developed for generating breakthrough product/service 
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concepts (for example The Slingshot process developed by Orban and Miller (2007)). There are 

several parameters influencing the time required for completion of each module and the workshop. 

These parameters will be different for each workshop group. Some of these parameters are the 

quantity of people in the group, internal group dynamics, the cognitive abilities and knowledge of the 

group members relevant to the content of modules, quality of facilitation, quality of the environment 

within which the workshop takes place and, most importantly, the amount of detail of the outcome 

desired to be achieved by the group from each module. It is certain that an exact amount of time 

which should be allocated to specific modules and to the overall workshop cannot be prescribed by 

this research. 

9.4.2. TIME HORIZON USED 

Another outstanding issue is the time horizon used by the scenario method.  Some of the people 

experienced in strategy development for businesses who were consulted about the research 

commented on the unfeasibility of using a 50 years time frame considering the time frames currently 

used by businesses. Previously it was acknowledged that the 50 years is very unconventional in 

business planning (see Section 6.4). Even though currently long-term planning periods of businesses 

do not generally cover periods longer than 10 years, there are increasingly good reasons for looking 

into the future longer than what businesses are conventionally used to. The quest towards 

sustainability will require the humanity to develop strategies to mitigate/adapt to long-term 

sustainability issues and to transform many -if not all- conventions and constructs the society is 

currently operating under. The sustainability issues will have direct and indirect implications on the 

businesses and they will need to play a significant role in mitigation/adaptation strategies.    

In addition, the findings of a survey carried out among futurists to find out about the time horizons 

these futurists are using provides some supportive evidence justifying the time frames required to be 

used by the scenario method (Brier, 2005). For example, according to the results of this survey a well-

known consulting futurist stated that the interest in longer-term futures in business world is 

increasing and that he had 60 corporate clients in years 1999-2000 demanding to look at 20 to 30 

years ahead. Another corporate futurist stated that, the time frame used by his clients vary 

depending on the scope of the exercise. For example, the often used time frame is between three to 

five years which applies for the projects run by the companies. If the focus of the study is a function; 

e.g. future of R&D in the company, future of labour force etc., the time frame used becomes ten 

years. These clients look into terms longer than ten years very rarely, only if the scope of the futures 

exercise is wide such as a whole industry. This study, besides researching about the time frames used 
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by corporate futurists, also surveyed the time-frames used by academic futurists who are dealing 

with social futures; i.e. futures of the society. The time-frames used by futurists looking into broad 

social futures generally varied between 20 and 100 years since 20 years is the minimum amount of 

time (which equates to one generation) needed to bring changes to the society. These findings 

highlight the requirement to adopt longer terms as the system, future of which is being inquired into, 

gets bigger (i.e. as the scope of the futures inquiry gets wider). This justifies the time-frame 

prescribed by the scenario method developed in this research. Then, the issue is to convince the 

companies to get interested in their role and stake in the future of the society. This is fundamental 

for the success of the scenario method since it will determine the uptake of the scenario method by 

businesses; however, developing strategies to convince the businesses to be interested in the futures 

of the society and their role and stake in it is beyond the immediate scope of this research. 

9.4.3. UNPROVEN AND POTENTIAL APPLICATION SCOPE 

The results of the workshops carried out with the three case studies demonstrated overall success 

indicating that the method can be used in different socio-technical contexts, both by established and 

start-up and both small and medium size companies. The scenario method was not tried in a large 

company. Therefore, there is no indication on whether the scenario method can effectively be 

applied in large companies. However, during the field work no evidence was encountered suggesting 

that the size of the organisation played a significant role in the effective application of the method. 

The difficulty foreseen in relation to large companies is not related to applying the method by 

running a workshop with dedicated and enthusiastic employees but related to the effective 

dissemination of the outcomes of the workshop and enabling adoption of the strategy/action plan 

developed by the wider organisation.       

The results of the field work indicated that the scenario method can effectively be applied by 

companies. However, the discussions carried out with consulted experts and some other 

professionals working in governmental agencies highlighted that the application scope of scenario 

method may not be limited to businesses and any organisational entity delivering products and 

services to the community potentially could benefit from the scenario method. For example, a senior 

officer from a local council recently identified two ways the council he is working for can use the 

scenario method. One is using the method internally to identify service innovations the council can 

develop in serving the community towards a sustainable future; i.e. to align the council strategy with 

the long term visions of a sustainable society. The other is using the method externally to deliver 
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workshops for the local organisations to help them in aligning their own innovation paths and 

strategies with the long term visions of a sustainable society.    

Referring back to the objective of the research (i.e. to effectively link the activities/decisions at 

product development (micro-innovation) level in companies with the transformation which needs to 

take place at the societal (macro-innovation) level to achieve sustainability), it can be concluded that 

the application scope (i.e. companies) originally targeted in developing the scenario method has 

been achieved. Even though not tested, the scenario method can also potentially be used by any 

type of organisation delivering products and services to the community in addition to the companies.  

9.5. SUMMARY OF THIS CHAPTER 

This chapter (along with Appendices IV, V and VI) reported the results of the field work which was 

undertaken to test and improve the scenario method using an action research methodology. Based 

on the results of the field work, an evaluation of the scenario method was carried out to evaluate the 

scenario method from the perspective of research participants, as a futures inquiry tool and in terms 

of its potential to aid product development teams in planning for system level innovation for 

sustainability.  

The field work consisted of five ARC. The first and third ARC mainly improved the conceptual 

framework of the method whereas second and fourth ARC mainly improved the workshop design. 

These two ARC indeed have inner cycles through which the expert consultations in the beginning of 

the cycles informed the design of the workshops which took place towards the end of the relevant 

cycles. The third ARC witnessed intense input informing the conceptual framework with implications 

on the workshop design which was then tried in the fourth ARC after incorporating the expert 

consultation input from the beginning of that ARC. The fifth ARC did not involve any expert 

consultation but the results of the workshop informed the conceptual framework as well as the 

workshop design. 

The evaluation of the scenario method indicated that the research participants thought that the 

scenario method can aid product development teams to incorporate sustainability issues into their 

decision making in an effective way. The majority of them also thought that the scenario method can 

influence the business transformation which needs to take place as part of the societal 

transformation to achieve sustainability. All of the workshop participants of the real company case 

studies who participated to the entire process found the activity worthwhile for their company. The 



186 
 

detailed evaluation of the effectiveness of the scenario method as a futures work and the potential 

of it to aid in system innovation for sustainability provided supportive evidence for the claim that the 

scenario method is a valuable and a viable method.  

Three outstanding issues related to the scenario method remain as potential areas for improvement 

and/or further research. The first of these issues is the trade-off between the time/cost efficiency of 

the scenario method and the depth of the output which can be achieved using it. The second issue is 

the conflict between the time horizon prescribed to be used by the scenario method and the 

planning periods conventionally used by businesses which is only a fraction of the time required to 

transform socio-technical systems. The third issue is about the application scope of the scenario 

method. The case studies in this research did not include a large company. Therefore the applicability 

of the scenario method to large companies is not verified. However, the results of the case studies 

did not indicate the size of the organisation to be a success factor in the effective applicability of the 

scenario method. The scenario method was tried only with companies and the results indicated that 

the scenario method can effectively be applied by companies. Potentially, any organisational entity 

delivering products and services to the community can benefit from the scenario method. 

Verification of this potential application requires further research. 
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10. REVIEW AND DISCUSSION OF THE RESEARCH 

10.1. CONTRIBUTIONS OF THE RESEARCH   

10.1.1. THE SCENARIO METHOD COMPARED TO THE PREVIOUS METHODS USED IN 

SYSTEM INNOVATION PROJECTS 

The scenario method developed as a result of this research brought improvements to the existing 

scenario methods in multiple ways. The problems identified in relation to existing scenario methods 

used in system innovation projects can be grouped under three titles: 1. Methodological; 2. 

Theoretical, and; 3. Those resulting from the underlying, generally implicit and under-acknowledged 

politics of these methods. These problems have been discussed in detail in earlier chapters.  Table 23 

serves for a summary. 

Table 23. Summary of problems identified in relation to scenario methods previously used in system 
innovation projects 

Methodological problems 

Steps of the method are not clear and transparent enough for others to 
use the method (STS) 
Scenarios developed either without a guiding vision, starting from 
present and developed towards an unknown future state (STS), or, 
starting from a desired envisioned state and present state was not 
considered (STD and derivatives)   
Suitable for policy analysis and development in relation to large socio-
technical systems such as food, housing etc. and not for micro-scale of 
innovation (product/service) or smaller operational contexts (e.g. 
companies)  

Theoretical problems 

Co-evolutionary approach to innovation was weak (STD and 
derivatives) 
Sustainability measure was either insufficient to address sustainability 
issues (STD and derivatives) or there was none (STS)  
Causality understanding not aligned with CAS; linear and deterministic, 
therefore, not suitable to deal with uncertainty and emergence (all) 

Underlying politics 

Western worldview (all) 
Techno-centric and technologically-optimistic approach to innovation 
(all) 
Used only in the North European socio-cultural and socio-economic 
context (i.e. democratic, pluralistic, distributed power, high-income, 
post-industrial) (all) 
Scenario development and analysis by an expert –who can be also 
referred to as the ‘transition manager’ (STS) 
Scenario development (ideally) participatory, analysis by expert (STD 
and derivatives) 
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This research addressed these problems in the following ways: 

 A theoretical framework was developed in order to guide the development of the scenario 

method. This theoretical framework: 

 has its roots in CAS and system innovation theory and articulates how product 

development level relates to the co-evolutionary dynamics existing in the socio-technical 

system; 

 covers a risk-based MLP model developed in order to enable mitigation of/adaptation to 

sustainability risks to be the focus of any innovation activity; 

 covers theory and models developed with the specific aim to align activities and decisions 

at product development level with the required change at the level the socio-technical 

system; 

 proposes a typology of different socio-technical contexts to enable envisioning a variety of 

possible sustainable societies so that innovation paths which are not techno-centric can 

be opened;  

 The scenario method combined exploratory (forward flowing) scenarios with normative 

(backward flowing) scenarios in order to link the unsustainable present (reality) and the desired 

sustainable future (vision) in an effective way; 

 The event-tree approach used in the scenario method allows generation of map-like scenarios 

flowing through time. This enables linking present and future in an effective way and 

identification of several innovation paths as strategic alternatives. A map-like, flowing structure 

also helps addressing emergence and uncertainty inherent in inquiring into the future of CAS by 

allowing regular, quick and inexpensive alterations to and detailing of the scenario maps. The 

scenario maps developed by and/or for an organisation can also be systemically linked to 

scenarios developed for larger systems such as industrial sectors, regions, etc.; 

 The operational framework of the scenario method was articulated through designing (and 

testing/improving) a workshop process and presenting it in detail in order to guide the 

implementation of the methodical steps of the scenario method;  

 The scenario method is not developed to be used under supervision/facilitation of scenario 

development experts or policy analysts. Instead, it is, complete with its operational framework, 

developed to be facilitated and used by the members of product development teams. This aims 

to achieve two things. First, in the lack of a vision of a sustainable society prescribed by an 

expert or an authority of some sort such as a government policy etc., the participants can 

inquire into and develop their own vision of a desired sustainable future and indirectly but 

proactively take part in the broader societal transformation required. Second, scenario 
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development can also be used by groups which do not have access to a lot of resources such as 

SMEs, or companies in developing and underdeveloped economic contexts; 

 The scenario method, through conceptualising social function fulfilment in the wider context of 

the socio-technical system, encourages investigating the necessary organisational and 

behavioural changes as well as technological solutions in order to avoid a techno-centrism and 

technologically optimist approach to innovation for sustainability, and; 

 The scenario method is tested and verified in three different socio-technical contexts all of 

which with different socio-cultural and socio-economic characteristics.        

A recent development in the literature, which took place after the completion of this research, needs 

to be acknowledged here. Morales (2009) combined backcasting with STS to develop a new method 

for evaluation of carbon-free hydrogen and battery electric transport scenarios in the Netherlands. 

The outcome of his critical review of backcasting and STS has quite similar points to the outcome of 

the critical review carried out as part of this research (reported in Gaziulusoy & Boyle, 2008 and in 

Chapter 5 under Section 5.5 of this thesis). As a result of his critical analysis, he integrated 

backcasting with STS for the same reason a double-flow approach to scenarios was developed in this 

research; i.e. to effectively link present to a normative and radically different future. Even though 

there are similarities in the methods developed in both of the research projects, Morales’ (2009) 

work is significantly different from this research in terms of its particular aim; i.e. guiding technology 

development policy. As a result, the scenario method he developed does not intend to link the 

societal sustainability visions to activities and decisions of product development teams. Also, 

Morales’ (2009) method deals with promotion/evaluation of technologies already acknowledged as 

(more) sustainable, the method does not provide a means to conceiving sustainable technologies. On 

the other hand, the scenario method developed in this research helps the product development 

teams to map alternative innovation paths between the present state and the envisioned future 

state of a sustainable society which include identification of new product/service and technology 

concepts fulfilling the social function of concern.   

10.1.2.  THE CONTRIBUTIONS OF THE RESEARCH TO ITS PARENT FIELDS 

It was stated earlier that any genuine attempt in the industry towards achieving sustainability should 

be based on the knowledge provided by sustainability science which focuses on the dynamic 

interactions between the nature and the society (e.g. Kates et al., 2001; Clark & Dickson, 2003). In 

order to address sustainability problems more effectively several authors emphasised the need for 

widening the scope of engineering practice and education curriculum (e.g. Vanderburg, 1999; Boyle 
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& Coates, 2005; Fenner, Ainger, Cruickshank & Guthrie, 2006; Cruickshank & Fenner, 2007; Davidson 

et al., 2007; Onwueme & Borsari, 2007). As a response to this need, recently, sustainability 

engineering has been emerging as a meta-discipline (Mihelcic et al., 2003). This new meta-discipline 

integrates engineering disciplines in providing solutions for sustainability problems. Since social, 

environmental and economic systems are interdependent, this new meta-discipline also collaborates 

with other fields outside of engineering in solving these complex, real-life problems. It is typical of 

sustainability and systems related research projects to be integrative and problem oriented (e.g. 

Carew, 2004; Wickson, Carew & Russell, 2006; Hirsch Hadorn, Bradley, Pohl, Rist & Wiesmann, 2006; 

Zierhofer & Burger, 2007; Hirsch Hadorn et al., 2008; Späth, 2008). Similarly, this research also 

integrated theories and models from different fields and built on them with the aim to solve a 

socially relevant problem.    

 
Figure 47. Positioning the research outcomes in relation to its parent fields  

Figure 47 shows the positioning of the outcomes of this research in relation to its parent fields. This 

research advanced the knowledge in all of these areas. However, since the research was integrative, 

it is not possible to isolate research contributions and assign them to individual parent fields. The 

specific contributions of this research were:   
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1. A broad and integrative review of literature related to sustainability and innovation (Chapter 2, 

3, 4 and 5) covering the areas of sustainability science, futures studies and system innovation; 

2. Development of a theory and conceptual models about system innovation for sustainability at 

product development level through integration of insights and findings gathered as a result of 

the literature review. Specifically: 

 Refining the MLP model through addition of a horizontal empirical layer to represent 

regime dependencies (Chapter 6, Section 6.2.3); 

 Development of a risk-based MLP model (Chapter 6, Section 6.2.3); 

 A model to link product development function to system level innovation (Chapter 6, 

Section 6.4); 

 System innovation model from the perspective of product development (Chapter 6, 

Section 6.5); 

 A suggestive and generic typology of different socio-technical contexts (Chapter 6, Section 

6.6), and; 

3. Development, testing, improvement and evaluation of a scenario method and its operational 

tool (i.e. a workshop process) which is systemically linking the activities and strategic decisions 

of product development teams to the long term transformation which needs to take place at the 

level of socio-technical systems to achieve a sustainable society (Chapter 7, 8 and 9). 

The types of knowledge generated in research aiming to solve socially-relevant complex real-life 

problems are analytical, anticipatory, normative and action-guiding knowledge (Wiek, 2007). 

According to this classification, the knowledge generated through this research are analytical 

(integration of discourses and development of conceptual models/frameworks) and action-guiding 

knowledge (the scenario method). The scenario method is an aid in development of anticipatory and 

normative types of knowledge and in the scope of this research were developed by the workshop 

groups during the field work. 

10.1.3.  THE CONTRIBUTIONS OF THE RESEARCH TO THE BROADER SOCIETY 

In terms of research output, since research of this type aims to solve socially relevant problems, it is 

necessary to position the research output both scientifically and socially (e.g., Pohl & Hirsch Hadorn, 

2007; Walter, Helgenberger, Wiek & Scholz, 2007; Merkx, van der Weijden, Oostveen, van den 

Besselaar & Spaapen, 2007). For the purposes of positioning research in terms of social contribution, 

Pohl and Hirsch Hadorn (2007) suggest articulating the implications of the research in three different 



194 
 

areas which are private sector, civil society and public agencies. Figure 48 shows positioning of the 

research outcomes in the context of society. 

   
Figure 48. Positioning of the research outcome in the social context 

In addition to contributing in the academic body of knowledge (which is explained in the previous 

section), the scenario method has implications for businesses and potentially for the civil society and 

public agencies. With its systemic approach, the scenario method links components of the socio-

technical system across scales and time-frames. As a result, the scenario method puts the entity and 

the activity of concern in the focus of planning for sustainable futures for the entire system the entity 

resides and the activity takes place in. This systemic approach, therefore, enables placing longer time 

frames and changes/risks/opportunities associated with these time frames in the perspective of the 

entity during decision making. This is especially important for transforming the private sector since 

conventionally private sector entities (i.e. companies) have been only concerned about their own – 

generally short-term- viability. The evaluation of the scenario method both by the research 

participants (i.e. potential users) and by the researcher indicated that the scenario method can 

influence the business transformation which needs to take place as part of the societal 

transformation to achieve sustainability.  

In addition to businesses, the scenario method is potentially useful for the public sector and the civil 

society. The entities in these sectors - such as governmental organisations and NGOs - can also use 

the scenario method to plan for system innovation for sustainability. The ongoing conversations with 

representatives of these sectors indicate that the scenario method for the entities of these sectors 

can be used both internally and externally. The scenario method can help these entities to identify 
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product/service innovations they can develop in serving the community towards a sustainable future. 

Alternatively, the scenario method can be added to the toolbox of these entities to be delivered as a 

service to the organisations they work with. This means that the scenario method can also have a 

synergistic affect and can potentially enable identification of collaborative innovation projects. The 

real potential and capabilities of the scenario method in public and civil sectors needs to be 

researched.  

In order to socially embed the outcome of this research and maximise its adoption and use in private, 

public and civil sectors a Facilitator’s Guide (Appendix V) has been prepared. As a means to enable 

the real-life adoption of the scenario method, the Facilitator’s Guide is distributed initially to all of 

the research participants and some interested stakeholders, peers and colleagues. The further 

dissemination of the guide is planned to be done through making it available online. In order to 

enable second order dissemination of improved and adapted versions of the scenario method, and to 

render the tracking of these newer versions possible, the Facilitator’s Guide is licensed under 

Creative Commons Attribution-Noncommercial-Share Alike 3.0 Unported License (Creative 

Commons, 2010) which allows non-commercial use and sharing of the work and its derivatives as 

long as attribution to the original work is made. This license, therefore, enables open innovation and 

potentially increases the social embedding of the scenario method. 

10.2. REVISITING THE RESEARCH OBJECTIVE AND AIMS: HAVE THEY BEEN 

ACHIEVED? 

The overall objective of this Ph.D. research was to effectively link the activities/decisions at product 

development (micro-innovation) level in companies with the transformation which needs to take 

place at the societal (macro-innovation) level to achieve sustainability. In line with this objective, 

initially a theoretical framework was developed articulating how activities and decisions at product 

development level can be linked to the long term and structural changes required at the socio-

technical system level to achieve sustainability. Based on this theoretical framework, a scenario 

method was developed. The scenario method was then tested and improved via field work.  

To conclude that the research objective has been achieved, two intertwined conditions needed to be 

met: 

1. The intended users of the scenario method needed to find the scenario method valuable so 

that it would be used; 
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2. The use of the scenario method should generate results which aid product development 

teams towards achieving system innovation for sustainability.   

 

The results of the evaluation of the scenario method by the research participants (for details refer to 

Sections 9.3.1, 9.3.2 and Appendix VI) provided evidence that the research participants, who are also 

potential users/facilitators of the scenario method, found the scenario method to be: 

1. An effective way to aid product development teams to incorporate sustainability issues into 

their decision making; 

2. Able to influence the business transformation which needs to take place as part of the societal 

transformation to achieve sustainability, and; 

3. A worthwhile activity for their respective companies.  

  

The results of the evaluation of the scenario method (for details refer to Section 9.3.3 and Appendix 

VI) provided evidence that the scenario method effectively assists product development teams in: 

1. Understanding the hierarchical irreversible relationships between the environment, society and 

economy and between their organisation and these three sub-systems;  

2. Understanding the issues threatening the sustainability of the society (i.e. risks to sustainability 

of the society), the dynamic relationships among these issues and the implications of these on 

the business or their organisation;  

3. Generating normative long-term societal visions within which the risks to sustainability were 

mitigated/managed/adapted to by the society through a combination of institutional, 

social/cultural, organisational and technological changes, and; 

4. Developing scenario maps to link present to the long-term future visions of a sustainable society 

they developed enabling alternative innovation paths to be identified.  

These results indicate that, both of the conditions are met and the scenario method can now be used 

in real life projects where product development teams would like to align their activities and 

decisions with longer-term wider-context requirements of sustainability. Therefore, it is concluded 

that the overall objective of the research has been achieved at the end of the research. 

Since the research aims which guided the three distinguishable phases of the research progressively 

enabled achieving the overall research objective, in an overall assessment it can be claimed that all of 

these aims were achieved as well. 
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11. CONCLUSIONS 

11.1. SUMMARY OF THE RESEARCH 

The overall objective of this research was to effectively link the activities/decisions at product 

development (micro-innovation) level in companies with the transformation which needs to take 

place at the societal (macro-innovation) level to achieve sustainability. In order to achieve this 

objective, the research took place in three consecutive phases. These phases were: 

1. A broad and critical review of literature in areas relevant to the research objective: 

 sustainability and elements of sustainability science; 

 characteristics of innovation for sustainability and theory of system innovation;  

 the relationship between futures studies, sustainability and system innovation;  

 the role of industry in achieving sustainability; 

2. Development of a scenario method consisting of: 

 a theoretical framework explaining how product development level relates to system 

innovation for sustainability; 

 a conceptual framework articulating the criteria which needs to be met by the scenario 

method and the outline of the method; 

 an operational framework articulating the criteria which needs to be met by the 

operational tool of the scenario method and a workshop process; 

3. Conducting field work which: 

 aimed to receive feedback from the potential users to test, improve and evaluate the 

scenario method; 

 followed an action research methodology; 

 interweaved consultations with eight local and five overseas experts and workshops with 

three case studies in New Zealand, in the Netherlands and in Turkey over five action 

research cycles. 
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11.2. CONCLUSIONS 

Currently, the humanity is at a very important turning point in its short evolutionary history. Simply 

put, it has to ensure a sustainable human presence on this world. A sustainable human presence on 

this world requires transformation of the entire socio-technical system which is referred to as system 

innovation. System innovation requires structural changes to take place within the society. These 

structural changes cannot happen without the support of stakeholders of the assumed/proposed 

changes. This thesis focused on industry as one of these major stakeholders in system innovation.      

Innovation at system level requires companies to start aligning their products/services, strategies 

and business models with the society’s long-term sustainability visions in a systemic way. Recently 

there has been increasing interest and promising developments in research addressing sustainability 

issues in innovation. However, a critical review of this literature concluded that the existing tools and 

approaches have not been sufficient to guide the industry towards system level innovation. There 

was also a lack of theory enabling alignment of innovation efforts at product development (micro-

innovation) level to the changes which has to take place at societal (macro-innovation) level. This 

research addressed these needs by first developing one such theory and, based on this theory, a 

scenario method which can be used by product development teams in planning for system 

innovation. 

The scenario method developed in this research is the first method to address the question of how to 

link activities and decisions of product development teams to the societal transformation which 

needs to take place for us to achieve sustainability while targeting product development teams 

themselves as the users of the scenario method. It is based on a state-of-the-art understanding of 

system innovation theory and sustainability science. It effectively links present to a radically different 

future and enables simultaneous leveraging of technological and behavioural changes. It effectively 

and systemically links the large scale (society) to small scale (product development teams) and 

challenges the current business mind-set to enable transformation. 

To conclude, the author would like to acknowledge the limitations and the short-comings of the 

scenario method which are discussed in detail in Chapter 9 and Appendices IV and VI. Even though it 

is concluded that the scenario method developed in this research is the first method linking activities 

and decisions of product development teams to the required societal level change, it is by no means 

perfect. Neither does it meet all needs of product development teams to plan and act for system 

innovation. From a systems thinking perspective, the scenario method developed in this research, 
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the methods critically reviewed as part of this research and the methods to be developed in the 

future, can potentially provide more effective strategies towards sustainable futures if used in a 

paradigm of collaboration rather than a competitive one by addressing different levels in the socio-

technical system and dealing with the transformation in more detail at their relevant focus. The 

scenario method developed in this research can be used as a meta-tool to oversee the product 

development activity in the broader context of the entire socio-technical system and during a long 

time period over which, theoretically, system innovation should start, mature and finalise.   

11.3. CONTRIBUTIONS OF THE RESEARCH 

Below is a summary of contributions this research made:  

1. A broad, critical and integrative review of literature related to sustainability and innovation 

covering the areas of sustainability science, futures studies and system innovation; 

2. Development of a theory and conceptual models about system innovation for sustainability at 

product development level through integration of insights and findings gathered as a result of 

the literature review. Specifically:  

 Refining the MLP model through addition of a horizontal empirical layer to represent 

regime dependencies; 

 Development of a risk-based MLP model; 

 A model to link product development function to system level innovation; 

 System innovation model from the perspective of product development; 

 A suggestive and generic typology of different socio-technical contexts; 

3. Development, testing, improvement and evaluation of a scenario method and its operational 

tool (i.e. a workshop process) which is systemically linking the activities and strategic decisions 

of product development teams to the long term transformation which needs to take place at the 

level of socio-technical systems to achieve a sustainable society, and; 

4. Preparation and distribution of a Facilitator’s Guide to enable and increase the real-life adoption 

and impact of the scenario method (i.e. to socially embed the research outcomes).  

11.4. RECOMMENDATIONS FOR FURTHER RESEARCH 

Based on the results of the field work, the discussion and review of the research and the 

issues/limitations identified, below is a list of recommendations for future research: 

1. Even though the conversations held with consulted experts and some other professionals 

working in governmental agencies highlighted that the potential organisational use scope of the 
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scenario method can be wider and any organisational entity delivering products and services to 

the community can benefit from the scenario method, this is yet to be verified. The 

organisational use scope of the scenario method needs to be further clarified by testing (and 

altering if necessary) it in organisations other than companies; 

2. Even though the scenario method has successfully been implemented in three different socio-

cultural contexts, it has not yet been tested in a bottom-of-the-pyramid context.  The 

application scope of the scenario method needs to be further clarified by testing (and altering if 

necessary) it in socio-cultural contexts other than the ones the three case studies represented; 

3. Even though the scenario method is unique in linking the societal transformation needed to 

achieve sustainability to the actions/decisions taken at product development level (i.e. linking 

the different scales and time-frames relevant to system innovation) in a systemic way, it is by no 

means a stand-alone method capable to aid in generating all of the knowledge necessary to 

understand and transform the socio-technical systems. Further research needs to be done to 

investigate how the method can synergistically interact with other available tools and methods 

relevant for product development level; 

4. In depth research about creativity methods suitable for generating breakthrough 

product/service ideas needs to be carried out and the outcomes needs to be added as a toolbox 

to the workshop design; 

5. Even though in order to socially embed the outcomes of the research and to enable further 

improvement of the scenario method a Facilitator’s Guide is prepared and distributed to 

potential change agents, it is not certain if the workshop can effectively be facilitated with the 

aid of this guide by people with no special facilitation training or no expert knowledge in the 

areas the scenario method is based on (i.e. sustainability science, systems thinking). This needs 

to be further investigated and the guide needs to be improved if necessary. However, the 

significant research potential lies in developing a quick and effective method for training 

facilitators to run workshops; 

6. An indirectly relevant but interesting outcome of the workshops was the sustainability models 

(and organisational models based on these) developed by participants (see Section 9.3.3 and 

Appendix VI). All of these models demonstrated an innate understanding of hierarchical and 

irreversible relationships between the environment, society and economy by the participants 

none of whom previously came across the two models of sustainability (discussed in Chapter, 

Section 2.2). Further research in order to test this phenomenon more widely could yield to 

essential knowledge for leveraging transformative projects. 



201 
 

REFERENCES 

Aaltonen, M. (2007a). The return to multi-causality. Journal of Futures Studies, 12(1), 81-86. 
Retrieved April 01, 2008 from Scopus. 

Aaltonen, M. (2007b). Making Sense of the Past, Present and Future. In M. Aaltonen (Ed.), The third 
lens: multi-ontology sense-making and strategic decision-making (pp. 9-14). Aldershot, 
England; Burlington, VT: Ashgate. 

Aaltonen, M., & Sanders, T. I. (2006). Identifying systems' new initial conditions as influence points 
for the future. Foresight, 8(3), 28-35. Retrieved July 16, 2008 from Scopus. 

Aaltonen, M., & Sanders, T. I. (2007). Sensitiveness to Initial Conditions: Recopceptualising Cause. In 
M. Aaltonen (Ed.), The third lens: multi-ontology sense-making and strategic decision-making 
(pp. 9-14). Aldershot, England; Burlington, VT: Ashgate. 

Abele, E., Anderl, R., & Birkhofer, H. (Eds.). (2005). Environmentally-friendly product development: 
methods and tools. London: Springer. 

Abetti, P. A. (2000). Critical Success Factors for Radical Technological Innovation: A Five Case Study. 
Creativity & Innovation Management, 9(4), 208. Retrieved September 29, 2008 from 
EBSCOhost. 

Amara, R. (1981). The Futures Field: Searching for Definitions and Boundaries. The Futurist, 15(1), 25-
29.  

Andersen, M. M. (2008). Review: system transition processes for realising sustainable consumption 
and production. In A. Tukker, M. Charter, C. Vezzoli, E. Stø & M. M. Andersen (Eds.), System 
Innovation for Sustainability 1: Perspectives on Radical Changes to Sustainable Consumption 
and Production (pp. 320-344). Sheffield, UK: Greenleaf. 

Anderson, R. C. (1997). The Evergreen carpet lease programme from Interface, Inc. Industry and 
Environment, 20(1-2), 21-24. 

Andersson, K., Eide, M. H., Lundqvist, U., & Mattsson, B. (1998). The feasibility of including 
sustainability in LCA for product development. Journal of Cleaner Production, 6(3-4), 289-
298. Retrieved September 18, 2006 from SienceDirect. 

Annandale, D., Morrison-Saunders, A., & Bouma, G. (2004). The impact of voluntary environmental 
protection instruments on company environmental performance. Business Strategy and the 
Environment, 13(1), 1-12. Retrieved May 9, 2007 from Scopus. 

Anton, W. R. Q., Deltas, G., & Khanna, M. (2004). Incentives for environmental self-regulation and 
implications for environmental performance. Journal of Environmental Economics and 
Management, 48(1), 632-654. Retrieved December 12, 2006 from ScienceDirect. 

Armstrong, J. S. (Ed.). (2001). Principles of forecasting: a handbook for researchers and practitioners. 
Boston, MA: Kluwer Academic. 

Bagheri, A., & Hjorth, P. (2007). Planning for sustainable development: A paradigm shift towards a 
process-based approach. Sustainable Development, 15(2), 83-96. Retrieved July 28, 2008 
from Scopus.  

Bailey, C. A. (2007). A Guide to Qualitative Field Research (2nd ed.). Thousand Oaks, CA: Pine Forge 
Press. 

 Bell, W. (2005). An Overview of Futures Studies. In R. Slaughter, S. Inayatullah & J. Ramos (Eds.), 
Knowledge base of futures studies (Professional ed.). Indooroopilly, Queensland: Foresight 
International. In CD. 

Benyus, J. M. (2002). Biomimicry: innovation inspired by nature. New York: Perennial. 
Berkhout, F. (2002). Technological regimes, path dependency and the environment. Global 

Environmental Change, 12(1), 1-4. Retrieved May 20, 2007 from ScienceDirect. 
Berkhout, F. (2006). Normative expectations in systems innovation. Technology Analysis & Strategic 

Management, 18(3/4), 299-311. Retrieved December 17, 2007 from EBSCOhost. 



202 
 

Berkhout, F., Smith, A., & Stirling, A. (2004). Socio-technical regimes and transition contexts. In B. 
Elzen, F. W. Geels & K. Green (Eds.), System innovation and the transition to sustainability: 
theory, evidence and policy (pp. 48-75). Cheltenham, UK ; Northhampton, MA: Edward Elgar. 

Bernz, M., Townend, A., Khayat, Z., Balagopal, B., Reeves, M., Hopkins, M., et al. (2009). The Business 
of Sustainability: MIT Sloan Management Review Special Report: MIT Sloan Management. 
Retrieved February 02, 2010 from http://www.mitsmr-ezine.com/busofsustainability/ 
2009#pg1. 

Bezold, C. (2005). The Visioning Method. In R. Slaughter, S. Inayatullah & J. Ramos (Eds.), Knowledge 
Base of Futures Studies CD-ROM Professional Edition (Vol. 2 Part 2). Indooroopilly, 
Queensland: Foresight International. 

Binswanger, M. (2001). Technological progress and sustainable development: What about the 
rebound effect? Ecological Economics, 36(1), 119-132. Retrieved August 18, 2008 from 
ScienceDirect. 

Bishop, P. L. (2000). Pollution prevention: fundamentals and practice. Boston: McGraw-Hill. 
Bishop, P., Hines, A., & Collins, T. (2007). The current state of scenario development: An overview of 

techniques. Foresight, 9(1), 5-25. Retrieved July 08, 2008 from Scopus. 
Boyle, C.A. (2004).  Achieving Sustainability.  Proceedings of the International Conference on 

Sustainability Engineering and Science, Auckland, July 7-9, 2004, NZ Society for Sustainability 
Engineering and Science, on CD. 

Boyle, C., & Coates, G. T. K. (2005). Sustainability Principles and Practice for Engineers. IEEE 
Technology and Society Magazine, 24(3), 32-39. Retrieved May 17, 2006 from IEEE Xplore. 

Börjeson, L., Höjer, M., Dreborg, K. H., Ekvall, T., & Finnveden, G. (2006). Scenario types and 
techniques: Towards a user's guide. Futures, 38(7), 723-739. Retrieved November 02, 2006 
from ScienceDirect.  

Bradfield, R., Wright, G., Burt, G., Cairns, G., & Van Der Heijden, K. (2005). The origins and evolution 
of scenario techniques in long range business planning. Futures, 37(8), 795-812. Retrieved 
July 08, 2008 from ScienceDirect. 

Brand, R. G. (2003). Co-evolution toward sustainable development: Neither smart technologies nor 
heroic choices. Unpublished Ph.D., The University of Texas at Austin, Texas, United States. 
Retrieved April 04, 2007 from ProQuest. 

Brezet, H. (1997). Dynamics in ecodesign practice. Industry and Environment, 20(1-2), 21-24. 
Brezet, H. & van Hemel, C.  (1997). Ecodesign: A Promising Approach to Sustainable Production and 

Consumption. Paris: UNEP. 
Brier, D. J. (2005). Marking the future: A review of time horizons. Futures, 37(8), 833-848. Retrieved 

October 5, 2008 from ScienceDirect. 
Brown, J. D., & Wahlers, R. G. (1998). The Environmentally Concerned Consumer: An Exploratory 

Study. Journal of Marketing Theory & Practice, 9(2), 39-48. Retrieved October 5, 2006 from 
EBSCOhost. 

Cairns Jr, J. (2007). Sustainable co-evolution. International Journal of Sustainable Development and 
World Ecology, 14(1), 103-108. Retrieved August 7, 2007 from Scopus. 

California State Senate (2003). Electronic Waste Recycling Act of 2003, Senate Bill No. 20. California: 
USA. 

Caniëls, M. C. J., & Romijn, H. A. (2008). Strategic niche management: Towards a policy tool for 
sustainable development. Technology Analysis and Strategic Management, 20(2), 245-266. 
Retrieved August 23, 2008 from informaworld. 

Carew, A. L. J. (2004). Reflective and Post-normal Engineering: Models of sustainable engineering 
practice and their implications for undergraduate teaching and learning. Unpublished Ph.D., 
University of Sydney, Sydney. Retrieved March 04, 2008 from 
http://www.uow.edu.au/cedir/about/staff/acarew/acarew_thesis.pdf. 



203 
 

Casti, J. L. (1986). On system complexity: identification, measurement and management. In J. L. Casti 
& A. Karlquist (Eds.), Complexity, Language and Life: Mathematical Approaches (pp. 146-
173). Berlin: Springer-Verlag. 

Charter, M. & Tischner, U. (Eds.) (2001). Sustainable Solutions: Developing Products and Services for 
the Future. Sheffield: Greenleaf. 

Charter, M., Gray, C., Clark, T., & Woolman, T. (2008). Review: The Role of Business in Realising 
Sustainable Consumption and Production. In A. Tukker, M. Charter, C. Vezzoli, E. Stø & M. M. 
Andersen (Eds.), System Innovation for Sustainability : Perspectives on Radical Changes to 
Sustainable Consumption and Production (pp. 46-69). Sheffield, UK: Greenleaf. 

Chermack, T.J., Lynham, S.A., & Ruona, W.E.A. (2001). A review of scenario planning literature. 
Futures Research Quarterly, 17(2), 7-31. 

Christensen, C. M. (1997). The innovator's dilemma: when new technologies cause great firms to fail. 
Boston, Mass.: Harvard Business School Press. 

Cilliers, P. (1998). Complexity and postmodernism: understanding complex systems. London; New 
York: Routledge. 

Cilliers, P. (2007). Making Sense of a Complex World. In M. Aaltonen (Ed.), The third lens: multi-
ontology sense-making and strategic decision-making (pp. 99-110). Aldershot, England; 
Burlington, VT: Ashgate. 

Clark, W. C., & Dickson, N. M. (2003). Sustainability science: The emerging research program. 
Proceedings of the National Academy of Sciences of the United States of America, 100(14), 
8059-8061. Retrieved June 4, 2007 from Scopus. 

Clayton, A. M. H., & Radcliffe, N. J. (1996). Sustainability: A Systems Approach. London: Earthscan. 
Cleff, T. & Rennings, K. (1999). Determinants of Environmental Product and Process Innovation. 

European Environment, 9, 191-201. Retrieved June 14, 2006 from WILEY InterScience. 
Cohen-Rosenthal, E., & Musnikow, J. (Eds.). (2003). Eco-industrial strategies: unleashing synergy 

between economic development and the environment. Sheffield: Greenleaf. 
Collopy, F., & Armstrong, J. S. (1992). Expert opinions about extrapolation and the mystery of the 

overlooked discontinuities. International Journal of Forecasting, 8(4), 575-582. Retrieved 
February 11, 2007 from Scopus. 

Cooke-Davies, T., Cicmil, S., Crawford, L., & Richardson, K. (2007). We're not in Kansas Anymore, 
Toto: Mapping the Strange Landscape of Complexity Theory, and Its Relationship to Project 
Management. Project Management Journal, 38(2), 50-61. Retrieved August 04, 2008 from 
EBSCOhost. 

Conceição, P., Heitor, M. V., & Vieira, P. S. (2006). Are environmental concerns drivers of innovation? 
Interpreting Portuguese innovation data to foster environmental foresight. Technological 
Forecasting and Social Change, 73(3), 266-276. Retrieved April 14, 2006 from ScienceDirect. 

Costanza, R. (2000). Visions of alternative (unpredictable) futures and their use in policy analysis. 
Conservation Ecology, 4(1), 5. Retrieved May 23, 2007 from 
http://www.consecol.org/vol4/iss1/art5/. 

Costanza, R., & Patten, B. C. (1995). Defining and predicting sustainability. Ecological Economics, 
15(3), 193-196.Retrieved April 21, 2006 from ScienceDirect. 

Cowe R., & Williams S. (2001). Who are the Ethical Consumers? Co-Operative Bank: London. 
Cramer, J., & van Lochem, H. (2001). The practical use of the 'eco-efficiency' concept in industry: The 

case of Akzo Nobel. The Journal of Sustainable Product Design, 1(3), 171-180. Retrieved June 
17, 2008 from SpringerLink. 

Creative Commons. (2010). Attribution-NonCommercial-ShareAlike 3.0 Unported License. Retrieved 
February 15, 2010 from http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode.  

Cruickshank, H. J., & Fenner, R. A. (2007). The evolving role of engineers: Towards sustainable 
development of the built environment. Journal of International Development, 19(1), 111-121. 
Retrieved March 03, 2008 from Wiley InterScience. 



204 
 

Crul, M. R. M., & Diehl, J. C. (2006). Design for Sustainability: A Practical Approach for Developing 
Economies. Retrieved 25/10/2006, from http://www.d4s-de.org/manual/  
d4stotalmanual.pdf. 

Crul, M. R. M., Diehl, J. C., & Ryan, C. (Eds.). (2009). Design for Sustainability: A Step by Step 
Approach: UNEP, TUDELFT. Retrieved February 05, 2010 from http://www.d4s-sbs.org/. 

Daly, H. E. (1990). Toward some operational principles of sustainable development. Ecological 
Economics, 2(1), 1-6. Retrieved October 02, 2006 from ScienceDirect.  

Dash, D. P. (1999). Current Debates in Acton Research. Systemic Practice and Action Research, 12(5), 
457-492. Retrieved July 14, 2009 from SpringerLink. 

Davidson, C. I., Matthews, H. S., Hendrickson, C. T., Bridges, M. W., Allenby, B. R., Crittenden, J. C., et 
al. (2007). Adding sustainability to the engineer's toolbox: A challenge for engineering 
educators. Environmental Science and Technology, 41(14), 4847-4850. Retrieved March 05, 
2008 from Scopus. 

Davis, E. W. (2004). Teleportation Physics Study (No. AFRL-PR-ED-TR-2003-0034). Edwards, California: 
Air Force Research Laboratory (AFMC). Retrieved February 05, 2010 from 
http://www.fas.org/sgp/eprint/teleport.pdf. 

De Haan, H., & Rotmans, J. (2007). Pillars of change: a theoretical framework for transition models. 
Paper presented at the 7th International Conference of the European Society for Ecological 
Economics (ESEE), 5-8 June 2007, Leipzig, Germany. 

Del Río González, P. (2009). The empirical analysis of the determinants for environmental 
technological change: A research agenda. Ecological Economics, 68(3), 861-878. Retrieved 
October 12, 2009 from ScienceDirect. 

De Udo Haes, H. A., Heijungs, R., Suh, S., & Huppes, G. (2004). Three strategies to overcome the 
limitations of life-cycle assessment. Journal of Industrial Ecology, 8(3), 19-32. Retrieved 
December 05, 2006 from ScienceDirect. 

Dosi, G. (1982). Technological Paradigms and Technological Trajectories: A Suggested Interpretation 
of the Determinants and Directions of Technical Change. Research Policy, 11(3), 147-162. 
Retrieved September 05, 2006 from ScienceDirect. 

Dreborg, K. H. (1996). Essence of Backcasting. Futures, 28(9), 813-828. Retrieved August 12, 2006 
from ScienceDirect.  

Driebe, D. J., & McDaniel, R. R. (2005). Complexity, Uncertainty and Surprise: An Integrated View. In 
D. J. Driebe & R. R. McDaniel, Jr. (Eds.), Uncertainty and Surprise in Complex Systems: 
Questions on Working with the Unexpected (pp. 19-30). Berlin Heidelberg: Springer-Verlag 
GmbH. 

Dunphy, D. C., Griffiths, A., & Benn, S. (2007). Organizational change for corporate sustainability: a 
guide for leaders and change agents of the future (2nd ed.). London; New York: Routledge. 

EC (2001). Green Paper on Integrated Policy. Com(2001) 68 final. Retrieved April 4, 2006 from 
http://eur-lex.europa.eu/LexUriServ/site/en/com/2001/com2001_ 0068en01.pdf 

EC (2003a). Integrated Product Policy. Communication from the Commission to the Council and the 
European Parliament COM(2003) 302 final. Retrieved April 4, 2006 from http://eur-
lex.europa.eu/LexUriServ/site/en/com/2003/com2003_ 0302en01.pdf  

EC (2003b). Directive 2002/95/EC of The European Parliament and of The Council of 27 January 2003 
on the Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic 
Equipment. 

EC (2005). Directive 2005/32/EC of The European Parliament and of the Council of 6 July 2005 
Establishing a Framework for the Setting of Ecodesign Requirements of Energy-Using 
Products and Amending Council Directive 92/42/EEC and Directives 96/57/EC and 
2000/55/EC of the European Parliament and of the Council. 

Economy Trade and Industry Ministry of Japan (1991). Law for Promotion of Effective Utilization of 
Resources, Government Ordinance No. 327. Retrieved January 27, 2007 from 
http://www.meti.go.jp/english/information/data/cReEffectLe.pdf 



205 
 

Ehrenfeld, J. R. (2005). Eco-efficiency: Philosophy, theory, and tools. Journal of Industrial Ecology, 
9(4), 6-8. Retrieved July 29, 2008 from WILEY InterScience. 

Ehrlich, P. R., & Raven, P. H. (1964). Butterflies and Plants: A Study in Coevolution. Evolution, 18(4), 
586-608. Retrieved July 23, 2006 from JSTOR. 

Elzen, B. E., Geels, F., & Hofman, P. S. (2002). Sociotechnical Scenarios (STSc): Development and 
evaluation of a new methodology to explore transitions towards a sustainable energy supply 
(Report for NWO/NOVEM  Project No. 014-28-211). Enschede: University of Twente. 

Elzen, B., Geels, F. W., Hofman, p., & Green, K. (2004). Socio-Technical Scenarios as a Tool for 
Transition Policy - An Example from the Traffic and Transport Domain. In B. Elzen, F. W. Geels 
& K. Green (Eds.), System innovation and the transition to sustainability: theory, evidence and 
policy (pp. 251-281). Cheltenham, UK; Northhampton, MA: Edward Elgar. 

 Espinosa, A., Harnden, R., & Walker, J. (2008). A complexity approach to sustainability - Stafford Beer 
revisited. European Journal of Operational Research, 187(2), 636-651. Retrieved February 04, 
2008 from ScienceDirect.  

EU (1997). The Treaty of Amsterdam. Retrieved December 18, 2006 from 
http://www.eurotreaties.com/amsterdamtreaty.pdf. 

Evans, R., Brereton, D., & Joy, J. (2007). Risk assessment as a tool to explore sustainable development 
issues: Lessons from the Australian coal industry. International Journal of Risk Assessment 
and Management, 7(5), 607-619. Retrieved November 19, 2007 from Scopus.  

Externality. (2010). In Merriam-Webster Online Dictionary. Retrieved March 2, 2010, from 
http://www.merriam-webster.com/dictionary/externality. 

Faber, N., Jorna, R., & Van Engelen, J. (2005). The Sustainability of “Sustainability” – A Study into the 
Conceptual Foundations of the Notion of “Sustainability”. Journal of Environmental 
Assessment Policy and Management, 7(1), 1-33. Retrieved April 13, 2006 from ScienceDirect. 

Farthing, J., Marshall, B., & Kellett, P. (2003). Pollution prevention and control : the new regime (B. K. 
P. Marshall, Trans.). London: LexisNexis. 

Fenner, R. A., Ainger, C. M., Cruickshank, H. J., & Guthrie, P. M. (2006). Widening engineering 
horizons: Addressing the complexity of sustainable development. Proceedings of the Institute 
of Civil Engineers: Engineering Sustainability, 159(4), 145-154. Retrieved August 21, 2007 
from Scopus. 

Figge, F. (2005). Capital substitutability and weak sustainability revisited: The conditions for capital 
substitution in the presence of risk. Environmental Values, 14(2), 185-201. Retrieved 
November 14, 2007 from Scopus.  

Fiksel, J. R. (Ed.) (1996). Design for Environment: Creating Eco-Efficient Products and Processes. New 
York: McGraw Hill. 

Flemmer, C. L., & Flemmer, R. C. (2005). Measures of Sustainability: What do they Mean and How 
Well do they Work? Paper presented at the 2005 ANZSEE Conference Ecological Economics in 
Action. Retrieved May 04, 2006 from 
http://www.anzsee.org/anzsee2005papers/Flemmer_Measures_of_Sustainability.pdf 

Floyd, J. (2008). Towards an Integral renewal of systems methodology for futures studies. Futures, 
40(2), 138-149. Retrieved September 16, 2008 from ScienceDirect. 

Freeman, C. (1992). The economics of hope: essays on technical change, economic growth, and the 
environment. London; New York: Pinter Publishers. 

Freeman, C., & Perez, C. (1988). Structural crisis of adjustment, business cycles and investment 
behaviour. In G. Dosi, C. Freeman, R. Nelson, G. Silverberg & L. Soete (Eds.), Technical change 
and economic theory (pp. 38-66). London; New York: Pinter Publishers. 

Freimann, J. & Walther, M. (2001). The Impacts of Corporate Management Systems: A Comparison of 
EMAS and ISO 14001. Greener Management International, Winter2001(36), 91-103 . 
Retrieved October 23, 2006 from EBSCOhost. 



206 
 

Frey, S. D., Harrison, D. J., & Billett, E. H. (2000). Integrated product policy and ecological footprint of 
electronic products. Paper presented at the IEEE International Symposium on Electronics and 
the Environment. Retrieved December 05, 2006 from Scopus. 

Frey, S. D., Harrison, D. J., & Billett, E. H. (2006). Ecological footprint analysis applied to mobile 
phones. Journal of Industrial Ecology, 10(1-2), 199-216. Retrieved December 05, 2006 from 
Scopus. 

Funtowicz, S., & Ravetz, J. R. (1994). Emergent complex systems. Futures, 26(6), 568-582. Retrieved 
October 30, 2007 from ScienceDirect. 

Gallopín, G. (2004). Sustainable Development: Epistemological Challenges to Science and Technology. 
Paper presented at the Workshop on Sustainable Development: Epistemological Challenges 
to Science and Technology. Retrieved March 03, 2008 from 
http://www.hks.harvard.edu/sustsci/ists/docs/gallopin_epistem0410_bgpaper.pdf. 

Gallopín, G. C., Funtowicz, S., O'Connor, M., & Ravetz, J. (2001). Science for the twenty-first century: 
From social contract to the scientific core. International Social Science Journal, 53(168), 219-
229. Retrieved June 09, 2008 from Scopus.  

Gallopin, G. C., & Raskin, P. (1998). Windows on the future: Global scenarios & sustainability. 
Environment, 40(3), 6. Retrieved October 20, 2206 from ProQuest. 

Gasparatos, A., El-Haram, M., & Horner, M. (2008). A critical review of reductionist approaches for 
assessing the progress towards sustainability. Environmental Impact Assessment Review, 
28(4-5), 286-311. Retrieved June 06, 2008 from ScienceDirect. 

Gaziulusoy, A. I., & Boyle, C. (2008). Addressing the Problems of Linking Present and Future and 
Measuring Sustainability in Developing Sustainable Technologies: A Proposal for a Risk-Based 
Double-Flow Scenario Methodology. Paper presented at the 7th International Symposium on 
Tools and Methods of Competitive Engineering, April 21–25, 2008, Izmir, Turkey. 

Gaziulusoy, A. I., Boyle, C., & McDowall, R. (2008). A Conceptual Systemic Framework Proposal for 
Sustainable Technology Development: Incorporating Future Studies within a Co-Evolutionary 
Approach.  Civil Engineering and Environmental Systems, 25(4), 301-311. 

Geels, F. W. (2002a). Technological transitions as evolutionary reconfiguration processes: a multi-
level perspective and a case-study. Research Policy, 31(8-9), 1257-1274. Retrieved May 20, 
2007 from ScienceDirect. 

Geels, F. (2002b). Understanding the Dynamics of Technological Transitions: a co-evolutionary and 
socio-technical analysis. Unpublished Ph.D., University of Twente, Twente. 

Geels, F. W. (2002c). Towards Sociotechnical Scenarios and Reflexive Anticipation: Using Patterns and 
Regularities in Technology Dynamics. In Sørensen, K. H., & Williams, R. N. (Eds.). Shaping 
technology, guiding policy: concepts, spaces, and tools. Cheltenham, UK ; Northampton, MA 
Elgar. p. 355-381. 

Geels, F. W. (2004). From sectoral systems of innovation to socio-technical systems: Insights about 
dynamics and change from sociology and institutional theory. Research Policy, 33(6-7), 897-
920. Retrieved May 20, 2007 from ScienceDirect. 

Geels, F. W. (2005a). Technological transitions and system innovations: a co-evolutionary and socio-
technical analysis. Cheltenham, UK ; Northampton, Mass.: Edward Elgar Pub. 

Geels, F. W. (2005b). Processes and patterns in transitions and system innovations: Refining the co-
evolutionary multi-level perspective. Technological Forecasting and Social Change, 72(6 
SPEC. ISS.), 681-696. Retrieved October 06, 2006 from ScienceDirect. 

Geels, F. W. (2006). System innovations and transitions to sustainability: challenges for innovation 
theory. Paper presented at the SPRU 40th Anniversary Conference,11-13 September 2006. 
Retrieved May 22, 2007 from 
http://www.sussex.ac.uk/Units/spru/events/ocs/viewpaper.php?id=11 

Geels, F. W. (2007). Transformations of large technical systems: A multilevel analysis of the Dutch 
highway system (1950-2000). Science Technology and Human Values, 32(2), 123-149. 
Retrieved May 22, 2007 from Scopus.  



207 
 

Geels, F. W., & Smit, W. A. (2000). Failed technology futures: pitfalls and lessons from a historical 
survey. Futures, 32(9-10), 867-885. Retrieved October 03, 2006 from ScienceDirect 

Geels, F. W., & Schot, J. (2007). Typology of sociotechnical transition pathways. Research Policy, 
36(3), 399-417. Retrieved May 22, 2007 from ScienceDirect. 

Giddens, A. (1984). The constitution of society: Outline of the theory of structuration. Cambridge: 
Polity Press. 

Goedkoop, M. J., van Halen, C. J. G., te Riele, H. R. M. & Rommens, P. J. M. (1999). Product Service 
Systems, Ecological and Economic Basics. Retrieved July 15, 2008 from 
http://www.pre.nl/pss/download_PSSreport.htm 

González-Benito, J., & González-Benito, Ó. (2006). A review of determinant factors of environmental 
proactivity. Business Strategy and the Environment, 15(2), 87-102. Retrieved May 09, 2007 
from Scopus. 

Gowdy, J. (2005). Toward a new welfare economics for sustainability. Ecological Economics, 53(2), 
211-222. Retrieved May 01, 2006 from ScienceDirect.  

Grace Compliance Specialist LLC (2006). Administrative Measure on the Control of Pollution Caused 
by Electronic Information Products (translation). Retrieved January 27, 2007 from 
http://www.graspllc.com/China%20RoHS.php. 

Graedel, T. E. & Allenby, B. R. (1995). Industrial Ecology. Englewood Cliffs, N.J.: Prentice Hall. 
Graedel, T. E. & Allenby, B. R. (1996). Design for Environment. Upper Saddle River, N.J.: Prentice Hall. 
Graedel, T. E. (1998). Streamlined Life-Cycle Assessment. Upper Saddle River, NJ : Prentice Hall. 
Gray, R. (1992). Accounting and Environmentalism: An Exploration of the Challenge of Gently 

Accounting for Accountability, Transparency and Sustainability. Accounting, Organizations 
and Society, 17(5), 399-425. Retrieved July 15, 2008 from ScienceDirect. 

Gray, D. E. (2004). Doing research in the real world. London; Thousand Oaks, CA: Sage Publications. 
Green, K., McMeekin, A.& Irwin, A. (1994). Technological Trajectories and R&D for Environmental 

Innovation in UK Firms, Futures, 26, 1047-1059. Retrieved September 25, 2006 from 
ScienceDirect.   

Green, K., & Randles, S. (Eds.). (2006). Industrial ecology and spaces of innovation. Northampton, 
Mass.: Edward Elgar Pub. 

Green, K., & Vergragt, P. (2002). Towards sustainable households: A methodology for developing 
sustainable technological and social innovations. Futures, 34(5), 381-400. Retrieved 
September 06, 2006 from ScienceDirect. 

Greenstone, M. (2003). Estimating Regulation-Induced Substitution: The Effect of the Clean Air Act 
on Water and Ground Pollution. American Economic Review, 93(2), 442-448. Retrieved 
August 15, 2007 from EBSCOhost. 

Griffin, A. (1997a). Modeling and measuring product development cycle time across industries. 
Journal of Engineering and Technology Management - JET-M, 14(1), 1-24. Retrieved 
September 26, 2008 from ScienceDirect. 

Griffin, A. (1997b). The Effect of Project and Process Characteristics on Product Development Cycle 
Time. Journal of Marketing Research, 34(1), 24-35. Retrieved September 26, 2008 from 
JSTOR. 

Halila, F., & Hörte, S. A. (2006). Innovations that combine environmental and business aspects. 
International Journal of Innovation and Sustainable Development, 1(4), 371-388. Retrieved 
May 19, 2008 from Scopus. 

Hamel, G. (2000). Leading the revolution. Boston: Harvard Business School Press. 
Harris, G. (2007). Seeking Sustainability in an Age of Complexity. Cambridge: Cambridge University 

Press. 
Hart, S. L. (1995). A Natural-Resource-Based View of the Firm. Academy of Management Review, 

20(4), 986-1014. Retrieved September 20, 2006 from EBSCOhost. 
Hasdoğan, G. (1997). Scenario-building in the product design process In P. McGrory (Ed.), The 

Challenge of Complexity (pp. 134-141). Helsinki: University of Arts and Design, UIAH. 

http://www.graspllc.com/China%20RoHS.php


208 
 

Hegger, D. L. T., Van Vliet, J., & Van Vliet, B. J. M. (2007). Niche management and its contribution to 
regime change: The case of innovation in sanitation. Technology Analysis and Strategic 
Management, 19(6), 729-746. Retrieved August 23, 2008 from informaworld.  

Henriques, I., & Sadorsky, P. (1996). The determinants of an environmentally responsive firm: An 
empirical approach. Journal of Environmental Economics and Management, 30(3), 381-395. 
Retrieved December 20, 2006 from ScienceDirect. 

Herrmann, A., Gassmann, O., & Eisert, U. (2007). An empirical study of the antecedents for radical 
product innovations and capabilities for transformation. Journal of Engineering and 
Technology Management, 24(1-2), 92-120. Retrieved May 22, 2007 from ScienceDirect. 

Herrchen, M., Keller, D., & Arenz, R. (1997). Refinement of impact assessment methodologies to 
solve the global local controverse in product life-cycle assessment: Relais type Micro A as an 
example for a long-lived product. Chemosphere, 35(1-2), 391-404. Retrieved March 27, 2006 
from ScienceDirect. 

Hirsch Hadorn, G., Bradley, D., Pohl, C., Rist, S., & Wiesmann, U. (2006). Implications of 
transdisciplinarity for sustainability research. Ecological Economics, 60(1), 119-128. Retrieved 
February 17, 2009 from ScienceDirect. 

Hirsch Hadorn, G., Biber-Klemm, S., Grossenbacher-Mansuy, W., Hoffmann-Riem, H., Joye, D., Pohl, 
C., et al. (2008). The Emergence of Transdisciplinarity as a Form of Research  In G. Hirsch 
Hadorn, S. Biber-Klemm, W. Grossenbacher-Mansuy, H. Hoffmann-Riem, D. Joye, C. Pohl, U. 
Wiesmann & E. Zemp (Eds.), Handbook of Transdisciplinary Research (pp. 19-39). Dordrecht: 
Springer Science + Business Media B.V. 

Hjorth, P. & Bagheri, A. (2006). Navigating towards sustainable development: A system dynamics 
approach. Futures, 38, 74-92. Retrieved June 14, 2006 from ScienceDirect. 

Hofman, P. S. (2005). Innovation and Institutional Change: The transition to a sustainable electricity 
system. Unpublished Ph.D., University of Twente, Enschede. Retrieved May 22, 2007 from 
http://doc.utwente.nl/55830/1/thesis_Hofman.pdf. 

Hofman, P. S., Elzen, B. E., & Geels, F. W. (2004). Sociotechnical Scenarios as a New Policy Tool To 
Explore System Innovations: Co-Evolution of Technology And Society in the Netherlands 
Electricity Domain. Innovation: Management, Policy & Practice, 6(2), 344-360. Retrieved June 
14, 2007 from Atypton Link. 

Holling, C. S. (1992). Cross-Scale Morphology, Geometry, and Dynamics of Ecosystems. Ecological 
Monographs 62(4), 447-502. Retrieved November 01, 2007 from JSTOR. 

Holling, C. S. (2001). Understanding the complexity of economic, ecological, and social systems. 
Ecosystems, 4(5), 390-405. Retrieved May 22, 2006 from Scopus. 

Holtz, G., Brugnach, M., & Pahl-Wostl, C. (2008). Specifying "regime" - A framework for defining and 
describing regimes in transition research. Technological Forecasting and Social Change, 75(5), 
623-643. Retrieved July 31, 2008 from ScienceDirect.  

Höjer, M., & Mattsson, L. G. (2000). Determinism and backcasting in future studies. Futures, 32(7), 
613-634. October 02, 2006 from ScienceDirect. 

Huesemann, M. H. (2004). The failure of eco-efficiency to guarantee sustainability: Future challenges 
for industrial ecology. Environmental Progress, 23(4), 264-270. Retrieved May 20, 2008 from 
Scopus.  

Hunter, D., Bailey, A., & Taylor, B. (1999). The Essence of Facilitation: Being in Action in Groups. 
Auckland, New Zealand: Tandem Press. 

ILO. (2005). A Global Alliance Against Forced Labour. Geneva: International Labour Organisation. 
Retrieved September 10, 2008 from 
http://www.ilo.org/dyn/declaris/DECLARATIONWEB.DOWNLOAD_BLOB?Var_DocumentID=5
059. 

ILO. (2006). The End of Child Labour: Within Reach. Geneva: International Labour Organisation. 
Retrieved September 10, 2008 from 



209 
 

http://www.ilo.org/dyn/declaris/DECLARATIONWEB.DOWNLOAD_BLOB?Var_DocumentID=6
176. 

IMF (2009). World Economic Outlook Database-WEO Groups and Aggregates Information. Retrieved 
January 11, 2010 from 
http://www.imf.org/external/pubs/ft/weo/2009/02/weodata/groups.htm#oem.  

Inayatullah, S. (1998). Causal layered analysis: poststructuralism as method. Futures, 30(8), 815-829. 
Retrieved June 05, 2007 from ScienceDirect. 

Inayatullah, S. (2005). Methods and Epistemologies in Futures Studies. In R. Slaughter, S. Inayatullah 
& J. Ramos (Eds.), Knowledge base of futures studies (Professional ed.). Indooroopilly, 
Queensland: Foresight International. In CD. 

Inayatullah, S. (2008). Six pillars: Futures thinking for transforming. Foresight, 10(1), 4-21. Retrieved 
April 04, 2008 from Scopus.  

Institute for Alternative Futures. (2008). Wiser Futures Compendium-Wiser Futures: Using Futures 
Tools to Better Understand and Create the Future: Institute for Alternative Futures. 
Retrieved June 30, 2008 from 
http://www.altfutures.com/WF_Compendium_Web_Verision.pdf. 

IPCC. (2007). Climate Change 2007: Synthesis Report. Retrieved September 16, 2008 from 
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr.pdf. 

Jackson, T. (Ed.). (1993). Clean production strategies: developing preventive environmental 
management in the industrial economy. Boca Raton, Fla.: Lewis Publishers. 

Jansen, L. (2003). The challenge of sustainable development. Journal of Cleaner Production, 11(3), 
231-245. Retrieved October 02, 2006 from ScienceDirect. 

Jaworski, B. J., & Kohli, A. K. (1993). Market orientation: Antecedents and consequences. Journal of 
Marketing, 57(3), 53-70. Retrieved October 5, 2006 from EBSCOhost. 

Johansson, G., Greif, A., & Fleischer, G. (2007). Managing the design/environment interface: Studies 
of integration mechanisms. International Journal of Production Research, 45(18-19), 4041-
4055. Retrieved May 19, 2008 from Scopus. 

Johnstone, N., Scapecchi, P., Ytterhus, B. & Wolff, R. (2004). The Firm, Environmental Management 
and Environmental Measures: Lessons from a Survey of European Manufacturing Firms. 
Journal of Environmental Planning and Management, 47, 685-707. Retrieved August 10, 2006 
from Scopus. 

Jorna, R. (2006). Knowledge creation for sustainable innovation: The KCSI programme. In R. Jorna 
(Ed.), Sustainable innovation: the organisational, human and knowledge dimension. Sheffield: 
Greenleaf. 

Jørgensen, A., Le Bocq, A., Nazarkina, L., & Hauschild, M. (2008). Methodologies for social life cycle 
assessment. The International Journal of Life Cycle Assessment, 13(2), 96-103. Retrieved 
September 10, 2008 from SpringerLink.  

Justice, T., & Jamieson, D. (2006). The facilitator's fieldbook: step-by-step procedures, checklists and 
guidelines, samples and templates (2nd ed.). New York: AMACOM. 

Kajikawa, Y., Ohno, J., Takeda, Y., Matsushima, K., & Komiyama, H. (2007). Creating an academic 
landscape of sustainability science: An analysis of the citation network. Sustainability Science, 
2(2), 221-231. Retrieved August 21, 2008 from Scopus. 

Kallis, G. (2007a). Socio-environmental co-evolution: some ideas for an analytical approach. 
International Journal of Sustainable Development and World Ecology, 14, 4-13. Retrieved 
December 21, 2007 from ProQuest.   

Kallis, G. (2007b). When is it coevolution? Ecological Economics, 62(1), 1-6. Retrieved November 01, 
2007 from ScienceDirect. 

Kates, R. W., Clark, W. C., Corell, R., Hall, J. M., Jaeger, C. C., Lowe, I., et al. (2001). Environment and 
development: Sustainability science. Science, 292(5517), 641-642. Retrieved October 20, 
2006 from Scopus. 



210 
 

Kautto, P. (2006). New instruments - Old practices? The implications of environmental management 
systems and extended producer responsibility for design for the environment. Business 
Strategy and the Environment, 15(6), 377-388. Retrieved May 09, 2007 from Scopus.  

Keith, R. J. (1960). The Marketing Revolution. Journal of Marketing, 24(3), 35-38. Retrieved January 
31, 2007 from JSTOR. 

Kemp, R. (1994). Technology and the transition to environmental sustainability: the problem of 
technological regime shifts. Futures, 26(10), 1023-1046. Retrieved September 18, 2006 from 
ScienceDirect. 

Kemp, R. (1997). Environmental Policy and Technical Change: A Comparison of the Technological 
Impact of Policy Instruments. Cheltenham, UK; Brookfield, Vt: Edward Elgar. 

Kemp, R., Loorbach, D., & Rotmans, J. (2007). Transition management as a model for managing 
processes of co-evolution towards sustainable development. International Journal of 
Sustainable Development and World Ecology, 14(1), 78-91. Retrieved August 7, 2007 from 
Scopus. 

Kemp, R., Rip, A., & Schot, J. (2001). Constructing Transition Paths through the Management of 
Niches. In R. Garud & P. Karnøe (Eds.), Path Dependence and Creation (pp. 269-299). 
Mahwah, N.J.: Lawrence Erlbaum Associates. 

Kemp, R., & Rotmans, J. (2005). The Management of the Co-evolution of Technical, Environmental 
and Social Systems. In M. Weber & J. Hemmelskamp (Eds.), Towards environmental 
innovation systems (pp. 33-55). Berlin, New York: Springer. 

Kemp, R., Schot, J., & Hoogma, R. (1998). Regime shifts to sustainability through processes of niche 
formation: The approach of strategic niche management. Technology Analysis and Strategic 
Management, 10(2), 175-195. Retrieved August 23, 2008 from Scopus.  

Keskin, D., Brezet, H. Borekci, N. & Diehl, J. C. (2008). An analysis of public use bicycle systems from a 
product-service system perspective. Proceedings of the 7th International Symposium on Tools 
and Methods of Competitive Engineering, April 21-25, Izmir, Turkey. 

Keskin, D., Brezet, H., & Diehl, J. C. (2009). Commercializing sustainable innovations in the market 
through entrepreneurship. Paper presented at the CIRP IPS2 Conference, March 30-31, 2009, 
Cranfield, UK.  

Khanna, M., & Anton, W. R. Q. (2002). Corporate environmental management: Regulatory and 
market-based incentives. Land Economics, 78(4), 539-558. Retrieved December 20, 2006 
from Scopus. 

Konrad, K., Truffer, B., & Voß, J.-P. (2008). Multi-regime dynamics in the analysis of sectoral 
transformation potentials: evidence from German utility sectors. Journal of Cleaner 
Production, 16(11), 1190-1202. Retrieved May 26, 2008 from ScienceDirect. 

Korte, R. F., & Chermack, T. J. (2007). Changing organizational culture with scenario planning. 
Futures, 39(6), 645-656. Retrieved July 08, 2008 from ScienceDirect.  

Krozer, J., & Vis, J. C. (1998). How to get LCA in the right direction? Journal of Cleaner Production, 
6(1), 53-61.Retrieved March 27, 2006 from ScienceDirect. 

KSI. (2009). About KSI.   Retrieved July 02, 2009, from http://www.ksinetwork.nl/? content= about. 
Labonne, J. (2006). A comparative analysis of the environmental management, performance and 

innovation of SMEs and larger firms, Final Report: For the European Commission, D.G. 
Environment. Retrieved May 02, 2009 from 
http://ec.europa.eu/environment/sme/pdf/final_report_sme_en.pdf. 

Laffont, J. J. (2008). Externalities. In The New Palgrave Dictionary of Economics. Basingstoke: Palgrave 
Macmillan. Retrieved March 03, 2010 from 
http://www.dictionaryofeconomics.com/article?id=pde2008_E000200&q=externality&topici
d=&result_number=9. 

Lewin, K. (1946).  Action research and minority problems. Journal of Social Issues, 2(4), 34-46. 
Linstone, H. A. (1999). Decision Making for Technology Executives : Using Multiple Perspectives to 

Improved Performance. Norwood, Mass.: Artech House. 



211 
 

List, D. (2005). Scenario Network Mapping. Unpublished Ph.D., University of South Australia, 
Adelaide. 

Loorbach, D. (2007). Transition Management: New Mode of Govenance for Sustainable Development. 
Utrecht, Netherlands: International Books. 

Loorbach, D. (2010). Transition management for sustainable development: A prescriptive, 
complexity-based governance framework. Governance, 23(1), 161-183. Retrieved March 01, 
2010 from Scopus. 

Loorbach, D., & Rotmans, J. (2006). Managing Transitions for Sustainable Development. In X. 
Olsthoorn & A. J. Wieczorek (Eds.), Understanding Industrial Transformation Views from 
Different Disciplines (pp. 187-206). Dordrecht: Springer. 

Luo, Y., Wirojanagud, P., & Caudill, R. J. (2001). Comparison of major environmental performance 
metrics and their application to typical electronic products. Paper presented at the IEEE 
International Symposium on Electronics and the Environment. Retrieved December 05, 2006 
from Scopus. 

Lynn, G. S., Morone, J. G., & Paulson, A. S. (1996). Marketing and Discontinuous Innovation: The 
Probe and Learn Process. California Management Review, 38(3), 8-37. Retrieved September 
29, 2008 from EBSCOhost. 

Málovics, G., Csigéne, N. N., & Kraus, S. (2008). The role of corporate social responsibility in strong 
sustainability. Journal of Socio-Economics, 37(3), 907-918. Retrieved August 08, 2008 from 
ScienceDirect. 

Manson, S. M. (2001). Simplifying complexity: A review of complexity theory. Geoforum, 32(3), 405-
414. Retrieved August 04, 2008 from ScienceDirect.  

Mamadouh, V. (1999). Grid-group cultural theory: An introduction. GeoJournal, 47(3), 395-409. 
Retrieved June 11, 2009 from SpingerLink. 

Mant, A. (1997). Intelligent leadership. St. Leonards, N.S.W.: Allen & Unwin. 
Masini, E. B., & Vasquez, J. M. (2000). Scenarios as Seen from a Human and Social Perspective. 

Technological Forecasting and Social Change, 65(1), 49-66. Retrieved March 21, 2007 from 
ScienceDirect. 

Matusik, W., & Pfister, H. (2004). 3D TV: A scalable system for real-time acquisition, transmission, and 
autostereoscopic display of dynamic scenes. Paper presented at the ACM Transactions on 
Graphics. Retrieved March 23, 2010 from Scopus. 

McDermott, C. M., & O'Connor, G. C. (2002). Managing radical innovation: an overview of emergent 
strategy issues. Journal of Product Innovation Management, 19(6), 424-438. Retrieved May 
07, 2006 from ScienceDirect. 

McDonough, W., & Braungart, M. (2002). Cradle to cradle: remaking the way we make things (1st 
ed.). New York: North Point Press. 

McDowall, W., & Eames, M. (2006). Forecasts, scenarios, visions, backcasts and roadmaps to the 
hydrogen economy: A review of the hydrogen futures literature. Energy Policy, 34(11), 1236-
1250. Retrieved November 03, 2006 from ScienceDirect. 

McNiff, J., Lomax, P., & Whitehead, J. (1996). You and your action research project. London: 
Routledge. 

MEA. (2005). Ecosystems and human well-being: Opportunities and challenges for business and 
industry. Washington D.C.: WRI. Retrieved June 21, 2006 from 
http://www.millenniumassessment.org/documents/document.353.aspx.pdf.  

Merkx, F., van der Weijden, I., Oostveen, A. M., van den Besselaar, P., & Spaapen, J. (2007). 
Evaluation of Research in Context: A Quick Scan of an Emerging Field. Den Haag/The Hague: 
Rathenau Instituut - Department Science System Assessment. Retrieved November 10, 2008 
from http://www.rathenau.nl/showpage.asp?steID=2&ID=3058. 

MfE. (2004). New Zealand Packaging Accord. Retrieved July 28, 2006 from 
http://www.mfe.govt.nz/publications/waste/packaging-accord-jul04/packaging-accord-
jul04.pdf 



212 
 

MfE. (2005). Product Stewardship and Water Labelling Scheme. Discussion Document. 
MfE. (2010). Product Stewardship. Retrieved from http://www.mfe.govt.nz/issues/sustainable-

industry/initiatives/product-stewardship/.  
Michaelis, L. (2003). The role of business in sustainable consumption. Journal of Cleaner Production, 

11(8), 915-921. Retrieved July 07, 2008 from ScienceDirect. 
Michalko, M. (2006). Thinkertoys: A Handbook of Creative-Thinking Techniques (Second ed.). 

Berkeley: Ten Speed Press. 
Mihelcic, J. R., Crittenden, J. C., Small, M. J., Shonnard, D. R., Hokanson, D. R., Zhang, Q., et al. (2003). 

Sustainability Science and Engineering: The Emergence of a New Metadiscipline. 
Environmental Science and Technology, 37(23), 5314-5324. Retrieved March 05, 2008 from 
Scopus. 

Mitleton-Kelly, E. (2007). The Emergence of Final Cause. In M. Aaltonen (Ed.), The third lens: multi-
ontology sense-making and strategic decision-making (pp. 111-122). Aldershot, England; 
Burlington, VT: Ashgate. 

Mont, O. (2000). Product-Service Systems: Final Report. AFR-REPORT 288. Stockholm: Swedish 
Environmental Protection Agency. 

Morales, L. (2009). Using Backcasting to evaluate Carbon-Free Hydrogen and Battery Electric 
Transport Scenarios in the Netherlands. Unpublished M.Sc., Delft University of Technology, 
Leiden University and Erasmus University, Delft, Leiden, Rotterdam. 

Moyer, R. (1984). The futility of forecasting. Long Range Planning, 17(1), 65-72. Retrieved July 08, 
2008 from ScienceDirect. 

Nakao, Y., Amano, A., Matsumura, K., Genba, K., & Nakano, M. (2007). Relationship between 
environmental performance and financial performance: An empirical analysis of Japanese 
corporations. Business Strategy and the Environment, 16(2), 106-118. Retrieved May 22, 
2007 from Scopus. 

National Research Council. (1999). Our common journey: a transition toward sustainability. 
Washington, D.C.: National Academy Press. 

Nidumolu, R., Prahalad, C. K., & Rangaswami, M. R. (2009). Why Sustainability is Now the Key Driver 
of Innovation. Harvard Business Review, 87(9), 56-64. Retrieved January 06, 2010 from 
EBSCOhost. 

Norgaard, R. B. (1984). Coevolutionary Development Potential. Land Economics, 60(2), 160-173. 
Retrieved October 02, 2006 from JSTOR. 

Norgaard, R. B. (1995). Development Betrayed: The End of Progress and a Coevolutionary Revisioning 
of the Future. London ; New York: Routledge. 

Norris, G. A. (2006). Social impacts in product life cycles: Towards life cycle attribute assessment. 
International Journal of Life Cycle Assessment, 11(SPEC. ISS. 1), 97-104. Retrieved September 
25, 2006 from Scopus. 

OECD. (1997). The Measurement of Scientific and Technological Activities: Proposed Guidelines For 
Collecting And Interpreting Technological Innovation Data. Paris: European Commission; 
Eurostat. Retrieved June 18, 2006 from http://www.oecd.org/dataoecd/35/61/2367580.pdf 

Oliver, R. C., Balko, B., Seraphin, A., & Calhoun, A. (2002). Survey of Long-Term Technology 
Forecasting Methodologies (No. IDA Document D-2430). Alexandria, Virginia: Institute of 
Defence Analysis. Retrieved February 05, 2010 from http://www.dtic.mil/cgi-
bin/GetTRDoc?AD=ADA410179&Location=U2&doc=GetTRDoc.pdf 

Onwueme, I., & Borsari, B. (2007). The sustainability asymptogram: A new philosophical framework 
for policy, outreach and education in sustainability. International Journal of Sustainability in 
Higher Education, 8(1), 44-52. Retrieved March 09, 2008 from Scopus. 

Orban, A., & Miller, C. W. (2007). The Slingshot: A Group Process for Generating Breakthrough Ideas. 
In A. Griffin & S. M. Somermeyer (Eds.), PDMA ToolBook 3 for New Product Development (pp. 
107-140): Wiley. 



213 
 

Partidario, P. J. (2002). “What-If” : From path dependency to path creation in a coatings chain A 
methodology for strategies towards sustainable innovation. Unpublished Ph.D., Delft 
University of Technology, Delft. 

Partidario, P. J., & Vergragt, P. (2002). Planning of strategic innovation aimed at environmental 
sustainability: Actor-networks, scenario acceptance and backcasting analysis within a 
polymeric coating chain. Futures, 34(9-10), 841-861.Retrieved September 9, 2006 from 
ScienceDirect. 

Paton, B. (2000). Voluntary environmental initiatives and sustainable industry. Business Strategy and 
the Environment, 9(5), 328-338. Retrieved July 15, 2008 from WILEY InterScience. 

Pavitt, K. (1984). Sectoral Patterns of Technical Change: towards an taxonomy and a theory. Research 
Policy, 13, 343-373. Retrieved September 21, 2006 from ScienceDirect.   

Peters, M., & Robinson, V. (1984). The Origins and Status of Action Research Journal of Applied 
Behavioral Science 20(2), 113-124. Retrieved July 14, 2009 from ProQuest. 

Pillkhan, U. (2008). Using Trends and Scenarios as Tools for Strategy Development: Shaping the 
Future of Your Enterprise. Erlangen: Publicis Corporate Publications. 

Pohl, C., & Hirsch Hadorn, G. (2007). Principles for Designing Transdisciplinary Research: Proposed by 
the Swiss Academy of Arts and Sciences (A. B. Zimmermann, Trans.). Munich: Oekom Verlag. 

Pohl, C., & Hirsch Hadorn, G. (2008). Methodological challenges of transdisciplinary research. Natures 
Sciences Sociétés, 16(2), 111-121. 

Pope, J., Annandale, D., & Morrison-Saunders, A. (2004). Conceptualising sustainability assessment. 
Environmental Impact Assessment Review, 24(6), 595-616. Retrieved April 26, 2006 from 
ScienceDirect. 

Porter, M. E., & van der Linde, C. (1995). Towards a New Conception of the Environment-
Competitiveness Relationship, Journal of Economic Perspectives, 9(4), 97-118. Retrieved 
September 25, 2006 from EBSCOhost. 

Porter, A. L., Ashton, W. B., Clar, G., Coates, J. F., Cuhls, K., Cunningham, S. W., et al. (2004). 
Technology futures analysis: Toward integration of the field and new methods. Technological 
Forecasting and Social Change, 71(3), 287-303. Retrieved February 11, 2008 from 
ScienceDirect. 

Postma, T. J. B. M., & Liebl, F. (2005). How to improve scenario analysis as a strategic management 
tool? Technological Forecasting and Social Change, 72(2), 161-173. Retrieved April 12, 2007 
from ScienceDirect.  

Quist, J. (2007). Backcasting for a sustainable future: the impact after 10 years. Unpublished Ph.D., 
Delft University of Technology, Delft. 

Quist, J., & Vergragt, P. J. (2004). Backcasting for Industrial Transformations and System Innovations 
Towards Sustainability: Relevance for Governance? Paper presented at the Governance for 
Industrial Transformation 2003 Berlin Conference on the Human Dimensions of Global 
Environmental Change, Berlin. Retrieved April 23, 2006 from http://web.fu-
berlin.de/ffu/akumwelt/bc2003/proceedings/409%20-%20437%20quist.pdf 

Quist, J., & Vergragt, P. (2006). Past and future of backcasting: The shift to stakeholder participation 
and a proposal for a methodological framework. Futures, 38(9), 1027-1045. Retrieved 
September18, 2006 from ScienceDirect. 

Rammel, C., Stagl, S., & Wilfing, H. (2007). Managing complex adaptive systems -- A co-evolutionary 
perspective on natural resource management. Ecological Economics, 63(1), 9-21. Retrieved 
November 01, 2007 from ScienceDirect. 

Rammel, C., & Van Den Bergh, J. C. J. M. (2003). Evolutionary policies for sustainable development: 
Adaptive flexibility and risk minimising. Ecological Economics, 47(2-3), 121-133. Retrieved 
September 05, 2006 from ScienceDirect. 

Raskin, P., Banuri, T., Gallopín, G., Gutman, P., Hammond, A., Kates, R., et al. (2006). The Great 
Transition: The Promise and Lure of the Times Ahead. Retrieved October 20, 2006 from 
http://www.tellus.org/Documents/Great_Transitions.pdf. 



214 
 

Raven, R. (2007). Co-evolution of waste and electricity regimes: Multi-regime dynamics in the 
Netherlands (1969-2003). Energy Policy, 35(4), 2197-2208. Retrieved August 19, 2008 from 
ScienceDirect.  

Reason, P., & Bradbury, H. (Eds.). (2008). The SAGE handbook of action research: participative inquiry 
and practice (2nd ed.). Los Angeles, Calif. ; London: SAGE. 

Rees, W. E. (2000). Eco-footprint analysis: Merits and brickbats. Ecological Economics, 32(3), 371-374. 
Retrieved December 05, 2006 from ScienceDirect. 

Reinert, K. H., Jayjock, M. A., & Weiler, E. D. (2006). Using risk assessment to facilitate and enhance 
the movement to sustainability. Environmental Quality Management, 15(3), 1-8. Retrieved 
November 14, 2007 from Scopus.  

Rehfeld, K. M. (2006). The determinants and effects of environmental product innovations. In D. 
Scheer & F. Rubik (Eds.), Governance of integrated product policy: in search of sustainable 
production and consumption (pp. 300-313). Sheffield: Greenleaf Publishing. 

Rennings, K. (2000). Redefining Innovation – eco-innovation research and the contribution from 
ecological economics. Ecological Economics, 32, 319-332. Retrieved June 08, 2006 from 
ScienceDirect. 

Rotmans, J., van Asselt, M., Anastasi, C., Greeuw, S., Mellors, J., Peters, S., et al. (2000). Visions for a 
sustainable Europe. Futures, 32(9-10), 809-831. Retrieved October 03, 2006 from 
ScienceDirect. 

Rotmans, J. (2005). Societal innovation: Between dream and reality lies complexity. Inaugural Speech, 
Rotterdam: Erasmus Research Institute of Management. 

Ryan, C. (2008a). The Melbourne 2032 Project: Design visions as a mechanism for (sustainable) 
paradigm change. Paper presented at the Changing the Change: Design Visions and 
Proposals Conference, 10-12 July 2008, Turin, Italy.  

Ryan, C. (2008b). Eco-Innovative Cities Australia: A pilot project for the ecodesign of services in eight 
local councils. In A. Tukker, M. Charter, C. Vezzoli, E. Stø & M. M. Andersen (Eds.), System 
Innovation for Sustainability 1: Perspectives on Radical Changes to Sustainable Consumption 
and Production (pp. 197-213). Sheffield, UK: Greenleaf. 

Salamanca, J. M. (2005). Design by Scenarios: Improving the Creative Thinking for Product Design. 
Paper presented at the IASDR International Design Congress, Yunlin, Taiwan. 

Sandén, B. A. (2004). Technology Path Assessment for Sustainable Technology Development. 
Innovation: Management, Policy & Practice, 6(2), 316-330. Retrieved June 14, 2007 from 
Atypton Link. 

Saul, P. (2002). Using futures studies to design tomorrow's products: A case study. Foresight, 4(2), 
21-24. October 02, 2006 from Scopus. 

Sartorius, C. (2006). Second-order sustainability--conditions for the development of sustainable 
innovations in a dynamic environment. Ecological Economics, 58(2), 268-286. Retrieved May 
06, 2006 from ScienceDirect. 

Saviotti, P. P. (2001). Variety, growth and demand. Journal of Evolutionary Economics, 11(1), 119. 
Retrieved December 18, 2006 from EBSCOhost. 

Saviotti, P. P. (2005). On the Co-Evolution of Technologies and Institutions. In Weber, M., & 
Hemmelskamp, J. (Eds.), Towards Environmental Innovation Systems. Berlin; New York: 
Springer. p.9-31. 

Schmidt-Bleek, F. (1994). How to Reach a Sustainable Economy. Wuppertal Papers No. 24. Retrieved 
August 8, 2006 from  
http://www.factor10-institute.org/pdf/wupp94.pdf. 

Schmookler, J. (1966). Invention and Economic Growth. Cambridge: Harvard University Press. 
Schot, J., Brand, E., & Fischer, K. (1997). The greening of industry for a sustainable future: building an 

international research agenda. Business Strategy and the Environment, 6(3), 153-162. 
Retrieved April 12, 2006 from Scopus. 



215 
 

Schumpeter, J. A. (1934). The theory of economic development : an inquiry into profits, capital, credit, 
interest, and the business cycle. Cambridge, Mass.: Harvard University Press. 

Sewers of Paris. (2001). Retrieved June 21, 2010 from 
http://www.mtholyoke.edu/courses/rschwart/hist255-s01/mapping-
paris/Paris_Sewers_Page.html 

Seyfang, G., & Smith, A. (2007). Grassroots innovations for sustainable development: Towards a new 
research and policy agenda. Environmental Politics, 16(4), 584-603. Retrieved July 31, 2008 
from Scopus. 

Shahbazpour, M. & R.H. Seidel, (2006), Using sustainability for competitive advantage, in the 13th 
CIRP International Conference on Life Cycle Assessment, Leuven, Belgium. 

Shapiro, B. P. (1977). Can marketing and manufacturing coexist? Harvard Business Review, 55(5), 
104-114. Retrieved December 20, 2006 from EBSCOhost. 

Shell International. (2005). The Shell Global Scenarios to 2025, Executive Summary. 
Retrieved September 16, 2008 from http://www-static.shell.com/static/ 
aboutshell/downloads/our_strategy/shell_global_scenarios/exsum_23052005.pdf. 

Shell International. (2008). Shell Energy Scenarios to 2050. Retrieved September 16, 2008 from 
http://www-
static.shell.com/static/aboutshell/downloads/our_strategy/shell_global_scenarios/SES%20b
ooklet%2025%20of%20July%202008.pdf. 

Shrivastava, P. (1995a). The Role of Corporations in Achieving Ecological Sustainability. Academy of 
Management Review, 20(4), 936-960. Retrieved September 21, 2006 from EBSCOhost. 

Shrivastava, P. (1995b). Ecocentric Management for a Risk Society. Academy of Management Review, 
20(1), 118-137. Retrieved September 20, 2006 from EBSCOhost. 

Shove, E. (2003). Comfort, cleanliness and convenience: the social organization of normality. Oxford: 
Berg. 

Simanis, E., Hart, S., & Duke, D. (2008). The Base of the Pyramid Protocol: Beyond "Basic Needs" 
Business Strategies. Innovations: Technology, Governance, Globalization, 3(1), 57-84. 
Retrieved June 26, 2008 from MIT Press Journals. 

Simon, H. A. (1974). The organization of complex systems. In Pattee, H. H. (Ed.), Hierarchy theory: the 
challenge of complex systems. New York: Braziller. p. 3-27. 

Singh, S. (2004). Market orientation, corporate culture and business performance. Burlington, Vt: 
Ashgate Pub. 

Slaughter, R. A. (1998). Futures Beyond Dystopia. Futures, 30(10), 993-1002. Retrieved October 16, 
2006 from ScienceDirect. 

Slaughter, R. (2005). Futures Concepts. In R. Slaughter, S. Inayatullah & J. Ramos (Eds.), Knowledge 
base of futures studies (Professional ed.). Indooroopilly, Queensland: Foresight International. 
In CD. 

Slideshare (2009). Slideshare: Present Yourself. Retrieved December 4, 2009 from 
http://www.slideshare.net 

Smith, A. (2004). Alternative Technology Niches and Sustainable Development. Innovation: 
Management, Policy & Practice, 6(2), 220-235. Retrieved June 14, 2007 from Atypton Link. 

Smith, A. (2007). Translating sustainabilities between green niches and socio-technical regimes. 
Technology Analysis and Strategic Management, 19(4), 427-450. Retrieved November 12, 
2007 from Scopus. 

Smith, A., Stirling, A., & Berkhout, F. (2005). The governance of sustainable socio-technical 
transitions. Research Policy, 34(10), 1491-1510. Retrieved June 06, 2007 from ScienceDirect. 

Socolow, R. H. (Ed.). (1994). Industrial ecology and global change. Cambridge ; New York: Cambridge 
University Press. 

Sondeijker, S., Geurts, J., Rotmans, J., & Tukker, A. (2006). Imagining sustainability: The added value 
of transition scenarios in transition management. Foresight, 8(5), 15-30. June 09, 2008 from 
Scopus. 



216 
 

Späth, P. (2008). Learning ex-post: Towards a simple method and set of questions for the self-
evaluation of transdisciplinary research. GAIA, 17(2), 224-232. Retrieved July 15, 2008 from 
Scopus. 

Sterman, J. D. (2001). System Dynamics Modeling: Tools for Learning in a Complex World. California 
Management Review, 43(4), 8-25. Retrieved March 12, 2007 from EBSCOhost. 

Stone, G. W., & Wakefield, K. L. (2000). Eco-Orientation: An Extension of Market Orientation in an 
Environmental Context. Journal of Marketing Theory & Practice, 8(3), 21-32. Retrieved 
October 05, 2006 from EBSCOhost. 

Stone, L. (2006). Limitations of cleaner production programmes as organisational change agents. I. 
Achieving commitment and on-going improvement. Journal of Cleaner Production, 14, 1-14. 
Retrieved July 15, 2008 from ScienceDirect. 

Stringer, E. T. (1996). Action research: a handbook for practitioners. Thousand Oaks, Calif.: Sage 
Publications. 

Suarez, F. F., & Oliva, R. (2005). Environmental change and organizational transformation. Industrial 
& Corporate Change, 14(6), 1017-1041. Retrieved June 07, 2007 from EBSCOhost. 

Swart, R. J., Raskin, P., & Robinson, J. (2004). The problem of the future: Sustainability science and 
scenario analysis. Global Environmental Change, 14(2), 137-146. Retrieved October 06, 2006 
from ScienceDirect.  

Takano, K., Sato, K., Muto, K., & Wakabayashi, R. (2005). Transmission of holographic 3D images 
including stereo audio data. Paper presented at the Proceedings of SPIE - The International 
Society for Optical Engineering. Retrieved February 05, 2010 from Scopus.  

Takenaka, K., & Paul, F. (2010, March 09). WRAPUP 2-Sony, Samsung detail 3D TV plans. Reuters. 
Retrieved from http://www.reuters.com/article/idUSN0922582320100309 

Tallontire A. (2001). Ethical Consumers and Ethical Trade, Policy Series 12. Natural Resources 
Institute: Chatham, UK. 

Taylor, M. R., Rubin, E. S., & Hounshell, D. A. (2005). Control of SO2 emissions from power plants: A 
case of induced technological innovation in the U.S. Technological Forecasting and Social 
Change, 72(6), 697-718. Retrieved August 15, 2007 from ScienceDirect. 

Thomassen, M. A., & De Boer, I. J. M. (2005). Evaluation of indicators to assess the environmental 
impact of dairy production systems. Agriculture, Ecosystems and Environment, 111(1-4), 185-
199. Retrieved December 05, 2006 from Scopus. 

Throne-Holst, H., Stø, E., & Strandbakken, P. (2007). The role of consumption and consumers in zero 
emission strategies. Journal of Cleaner Production, 15(13-14), 1328-1336. Retrieved August 
18, 2008 from ScienceDirect. 

TNS. (2000). The Natural Step Framework Guidebook. Retrieved May 20, 2006 from 
http://www.naturalstep.org.nz/downloads/TNSFramework Guidebook.pdf 

TNS. (2006). The Natural Step. Retrieved May 19, 2006 from 
http://www.thenaturalstep.org.nz 

Tukker, A., Charter, M., Vezzoli, C., Stø, E., & Andersen, M. M. (Eds.). (2008). System Innovation for 
Sustainability 1: Perspectives on Radical Changes to Sustainable Consumption and 
Production. Sheffield, UK: Greenleaf. 

Tukker, A., & Tischner, U. (Eds.). (2006). New business for old Europe: product-service development, 
competitiveness and sustainability. Sheffield: Greenleaf. 

Ulanowicz, R. E. (1999). Life after Newton: an ecological metaphysic. Biosystems, 50(2), 127-142. 
Retrieved September 30, 2008 from ScienceDirect. 

Ulanowicz, R. E. (2004). On the nature of ecodynamics. Ecological Complexity, 1(4), 341-354. 
Retrieved September 30, 2008 from ScienceDirect. 

UN. (2007a). World Economic and Social Survey 2007: Development in an Ageing World. New York: 
UN Department of Economic and Social Affairs. Retrieved September 10, 2008 from 
http://www.un.org/esa/policy/wess/wess2007files/wess2007.pdf. 



217 
 

UN. (2007b). World Population Prospects: The 2006 Revision, Executive Summary New York. 
Retrieved Sptember 10, 2008 from 
http://www.un.org/esa/population/publications/wpp2006/English.pdf. 

UNDP. (2007). Human Development Report 2007/2008 Fighting Climate Change: Human Solidarity in 
a Divided World. New York: United Nations Development Programme. Retrieved April 08, 
2008 from http://hdr.undp.org/en/media/hdr_20072008_en_complete.pdf. 

UNEP. (2003). Environmentally Sound Technologies for Sustainable Development: International 
Environmental Technology Centre, Division of Technology, Industry and Economics, UNEP. 
Retrieved August 10, 2008 from 
http://www.unep.or.jp/ietc/techTran/focus/SustDev_EST_background.pdf. 

UNEP. (2007). Global Environment Outlook GEO4. Malta: United Nations Environment Programme. 
Retrieved February 28, 2008 from http://www.unep.org/geo/geo4/report/GEO-
4_Report_Full_en.pdf. 

UNEP. (2009a). Guidelines for Social Life Cycle Assessment of Products: UNEP. Retrieved July 25, 2009 
from http://lcinitiative.unep.fr/default.asp?site=lcinit&page_id=A8992620-AAAD-4B81-
9BAC-A72AEA281CB9. 

UNEP. (2009b). UNEP Year Book 2009: New Science and Developments in Our Changing Environment: 
UNEP. Retrieved May 19, 2009 from 
http://www.unep.org/yearbook/2009/PDF/UNEP_Year_Book_2008_EN_Full.pdf. 

Upham, P. (1999). An Assessment of The Natural Step as a Framework for Technology Choice. 
Unpublished Ph.D., University of Manchester, Manchaster. 

Van Bakel, J., Loorbach, D., Whiteman, G., & Rotmans, J. (2007). Business Strategies for Transitions 
Towards Sustainable Systems Rotterdam: Erasmus Research Institute of Management. 
Retrieved August 23, 2008 from http://publishing.eur.nl/ir/repub/asset/10887/ERS-2007-
094-ORG.pdf. 

Van den Ende, J., & Kemp, R. (1999). Technological transformations in history: how the computer 
regime grew out of existing computing regimes. Research Policy, 28(8), 833-851. Retrieved 
June 06, 2007 from ScienceDirect. 

Van der Heijden, K. (2005). Scenarios: the art of strategic conversation (2nd ed.). Chichester, West 
Sussex ; Hoboken, N.J.: John Wiley & Sons. 

Van der Lugt, P. (2008). Design interventions for stimulating bamboo commercialization - Dutch 
design meets bamboo as a replicable model. Unpublished Ph.D., Technical University of Delft, 
Delft. 

Van der Zwan, F., & Bhamra, T. (2003). Alternative function fulfilment: Incorporating environmental 
considerations into increased design space. Journal of Cleaner Production, 11(8 SPEC.), 897-
903. Retrieved July 29, 2008 from ScienceDirect.  

Van Driel, H., & Schot, J. (2005). Radical Innovation as a Multilevel Process: Introducing Floating Grain 
Elevators in the Port of Rotterdam. Technology and Culture, 46(1), 51-76. Retrieved August 
20, 2008 from Project Muse. 

Van Notten, P. W. F., Rotmans, J., Van Asselt, M. B. A., & Rothman, D. S. (2003). An updated scenario 
typology. Futures, 35(5), 423-443. Retrieved June 21, 2007 from ScienceDirect.  

Van Onselen, L. (2006). Photovoltaic Opportunity: Identify valuable product-market combinations for 
PV. Unpublished M.Sc., Technical University of Delft, Delft. 

Van Onselen, L., Lauche, K., Silvester, S., & Veefkind, M. (2007). Technology windows: A new method 
to determine valuable product-market combinations. Paper presented at the International 
Conference on Engineering Design, ICED'07, August 28-31, Paris, France. Retrieved October 
10, 2209 from http://www.dusc-innovation.nl/window_of_opportunity_files/ 
Technology%20windows.pdf. 

Vanderburg, W. H. (1999). On the measurement and integration of sustainability in engineering 
education. Journal of Engineering Education, 88(2). Retrieved March 03, 2008 from Scopus. 



218 
 

Vellinga, P., & Herb, N. (1999). Industrial Transformation Science Plan. Bonn: IHDP. Retrieved April 
26, 2007 from http://www.ihdp.uni-bonn.de/html/publications/reports/rport12/index.htm. 

Verbong, G., & Geels, F. (2007). The ongoing energy transition: Lessons from a socio-technical, multi-
level analysis of the Dutch electricity system (1960-2004). Energy Policy, 35(2), 1025-1037. 
Retrieved May 22, 2007 from ScienceDirect.  

Vergragt, P. J. (2000). Strategies towards the Sustainable Household (SusHouse) Project Final Report 
Delft: Faculty of Technology, Policy and Management, Delft University of Technology. 

Veryzer Jr, R. W. (1998). Discontinuous Innovation and the New Product Development Process. 
Journal of Product Innovation Management, 15(4), 304-321. Retrieved September 29, 2008 
from Wiley InterScience. 

Walter, A. I., Helgenberger, S., Wiek, A., & Scholz, R. W. (2007). Measuring societal effects of 
transdisciplinary research projects: Design and application of an evaluation method. 
Evaluation and Program Planning, 30(4), 325-338. Retrieved July 15, 2008 from 
ScienceDirect.  

WBCSD. (2000). Eco-Efficiency: Creating more value with less impact Retrieved June 26, 2008, from 
http://www.wbcsd.org/web/publications/eco_efficiency_creating_more_value.pdf. 

WBCSD. (2004). Running the Risk - Risk and Sustainable Development: A Business Perspective.   
Retrieved November 21, 2007, from 
http://www.wbcsd.org/DocRoot/06QAgGdeic6vmClNftnJ/running-the-risk.pdf. 

WCED. (1987). Our common future. Oxford; New York: Oxford University Press. 
Weaver, P., Jansen, L., van Grootveld, G., van Spiegel, E., & Vergragt, P. (2000). Sustainable 

Technology Development. Sheffield: Greenleaf. 
Wehrmeyer, W., Clayton, A., & Lum, K. (2002). Foresighting for Development. Greener Management 

International, Spring2002(37), 24-37. Retrieved August 20, 2006 from EBSCOhost. 
Wheale, P., & Hinton, D. (2007). Ethical consumers in search of markets. Business Strategy and the 

Environment, 16(4), 302-315. Retrieved May 22, 2007 from Scopus. 
Wickson, F., Carew, A. L., & Russell, A. W. (2006). Transdisciplinary research: characteristics, 

quandaries and quality. Futures, 38(9), 1046-1059. Retrieved July 18, 2006 from 
ScienceDirect. 

Wiek, A. (2007). Challenges of transdisciplinary research as interactive knowledge generation 
experiences from transdisciplinary case study research. GAIA, 16(1), 52-57. Retrieved 
September 09, 2008 from Scopus. 

Wiek, A., Binder, C., & Scholz, R. W. (2006). Functions of scenarios in transition processes. Futures, 
38(7), 740-766. Retrieved October 06, 2006 from ScienceDirect. 

Williams, A. (2007). Product service systems in the automobile industry: contribution to system 
innovation? Journal of Cleaner Production, 15(11-12), 1093-1103. Retrieved May 19, 2008 
from ScienceDirect. 

Wimmer, W., Züst, R., & Lee, K.-M. (2004). ECODESIGN implementation: a systematic guidance on 
integrating environmental considerations into product development. Dordrecht; Great 
Britain: Springer. 

Winder, N., McIntosh, B. S., & Jeffrey, P. (2005). The origin, diagnostic attributes and practical 
application of co-evolutionary theory. Ecological Economics, 54(4), 347-361. Retrieved 11 
January, 2007 from ScienceDirect. 

Wise, G. (1976). The accuracy of technological forecasts, 1890-1940. Futures, 8(5), 411-419. 
Retrieved June 02, 2006 from ScienceDirect. 

Zierhofer, W., & Burger, P. (2007). Disentangling Transdisciplinarity: An Analysis of Knowledge 
Integration in Problem-Oriented Research. Science Studies, 20(1), 51-72. Retrieved January 
19, 2009 from EBSCOhost. 

 
 

  



219 
 

Personal Communications 

Name Title Credits 

Allan, Tim Mr. 
Product Designer  
Founder and CEO of Locus Research, A New Zealand based design 
research company. 

Elmore, Mark Mr. 
Head of Design, Fisher & Paykel Appliances Ltd., A New Zealand 
based appliances company. 

Geels, Frank   Prof. 
University of Sussex, Science and Technology Policy Research Unit, 
Co-developer of Socio-technical Scenarios, Multi-Level Perspective 
of System Innovations (Geels). 

Gianni, 
Christian 

Mr. 
Vice President Engineering, Fisher & Paykel Appliances Ltd., A New 
Zealand based appliances company.  

Kamphorst, Eva Dr. 
Communication Manager, Dutch Knowledge Network for System 
Innovations and Transitions. 

List, Dennis Dr. 
Former of Audience Dialogue Consultancy, Adelaide, Australia, 
(http://wwwaudiencedialogue.net), Futurist, Developer of Scenario 
Network Mapping.  

McLaren, Jake Mr. 
Principal Consultant with PE-Australasia, a subsidiary of PE-
International, global experts in corporate and product sustainability 

Quist, Jaco Assis. Prof. 
Delft University of Technology. 
Faculty of Technology, Policy, Management, Backcasting expert. 

Weaver, Paul. Dr. 

Partner in Methods and Tools for Integrated Sustainability 
Assessment (MATISSE) Project, April 1st, 2005 - March 31st, 2008. 
Co-author of Sustainable Technology Development (Weaver et al., 
2000). 

 

  

http://wwwaudiencedialogue.net/


220 
 

  



221 
 

BIBLIOGRAPHY 

Ackerman, L. S. (1982). Transition management: An in-depth look at managing complex change. 
Organizational Dynamics, 11(1), 46-66. Retrieved October 06, 2006 from ScienceDirect. 

Ahlroth, S., & Höjer, M. (2007). Sustainable energy prices and growth: Comparing macroeconomic 
and backcasting scenarios. Ecological Economics, 63(4), 722-731. Retrieved September 22, 
2008 from ScienceDirect. 

Alcott, B. (2008). The sufficiency strategy: Would rich-world frugality lower environmental impact? 
Ecological Economics, 64(4), 770-786. Retrieved April 17, 2008 from ScienceDirect. 

Alexiou, K., Besussi, E., & Zamenopoulos, T. (2008). Design out of complexity. Futures, 40(6), 515-519. 
Retrieved June 01, 2009 from ScienceDirect. 

Alexiou, K., & Zamenopoulos, T. (2008). Design as a social process: A complex systems perspective. 
Futures, 40(6), 586-595. Retrieved June 01, 2009 from ScienceDirect. 

Aligica, P. D. (2003). Prediction, explanation and the epistemology of future studies. Futures, 35(10), 
1027-1040. Retrieved October 05, 2008 from ScienceDirect. 

Allen, P. M., Strathern, M., & Baldwin, J. S. (2005). The Evolutionary Complexity of Social Economic 
Systems: The Inevitability of Uncertainty and Surprise In D. J. Driebe & R. R. McDaniel, Jr. 
(Eds.), Uncertainty and Surprise in Complex Systems: Questions on Working with the 
Unexpected (pp. 31-50). Berlin Heidelberg: Springer-Verlag GmbH. 

Andersen, M. M., & Tukker, A. (2006). Perspectives on Radical Changes to Sustainable Consumption 
and Production (SCP). Paper presented at the Workshop of the Sustainable Consumption 
Research Exchange (SCORE!) Network, Thursday 20 and Friday 21 April 2006, Copenhagen, 
Denmark. Retrieved April 11, 2007 from http://www.score-
network.org/files//548_Proceedings_SCORE_WS1_20060428.pdf. 

Arilla, C., Narvaez, I., Armbruster, H., Pandza, K., Butter, M., Piasecki, B., et al. (2005). Manufacturing 
Visions – Integrating Diverse Perspectives into Pan-European Foresight (ManVis) Delphi 
Interpretation Report (No. ManVis Report No. 3). Karlsruhe: Fraunhofer Institute for System 
and Innovation Research. Retrieved December 02, 2008 from 
http://forera.jrc.ec.europa.eu/documents/ Final_Report_final.pdf. 

Aunger, R. (2007). Major transitions in 'big' history. Technological Forecasting and Social Change, 
74(8), 1137-1163. Retrieved March 02, 2008 from ScienceDirect. 

Bammer, G. (2005). Integration and Implementation Sciences: Building a New Specialization. Ecology 
and Society, 10(2). Retrieved March 09, 2009 from 
http://www.ecologyandsociety.org/vol10/iss2/art6/. 

Barbarenda Gamage, G., & Boyle, C. (2008). Sustainable development: a review of progress, 
stagnation and potential. International Journal of Sustainable Development, 11(1), 45-60. 
Retrieved December 11, 2008 from ProQuest. 

Basalla, G. (1988). The evolution of technology. Cambridge England ; New York: Cambridge University 
Press. 

Baumann, H., Boons, F., & Bragd, A. (2002). Mapping the green product development field: 
Engineering, policy and business perspectives. Journal of Cleaner Production, 10(5), 409-425. 
Retrieved May 18, 208 from Scopus. 

Bebbington, J., Brown, J., & Frame, B. (2007). Accounting technologies and sustainability assessment 
models. Ecological Economics, 61(2-3), 224-236. Retrieved July 17, 2008 from ScienceDirect. 

Behrens, A., Giljum, S., Kovanda, J., & Niza, S. (2007). The material basis of the global economy. 
Worldwide patterns of natural resource extraction and their implications for sustainable 
resource use policies. Ecological Economics, 64(2), 444-453. Retrieved July 28, 2008 From 
ScienceDirect. 



222 
 

Bennie, F., & Sherwin, C. (2008). NGO meet Design: A Strategic, Creative and Collaborative Approach 
for Sustainable Innovation. Paper presented at the Sustainable Innovation 08, Towards 
Sustainable Product Design: 13th International Conference: Future products, technologies 
and industries, Malmö, October 27-28, 2008.  

Berchicci, L., & King, A. (2007). Postcards from the Edge: A Review of the Business and Environment 
Literature. Rotterdam: Erasmus Research Institute of Management. Retrieved September 09, 
2008 from http://publishing.eur.nl/ir/repub/asset/ 10771/ERS-2007-085-ORG.pdf.  

Bergmann, M., Brohmann, B., Hoffman, E., Loibl, M. C., Rehaag, R., Schramm, E., et al. (2005). Quality 
Criteria of Transdisciplinary Research. A Guide for the Formative Evaluation of Research 
Projects. ISOE-Studientexte, No 13 / English Version, Frankfurt am Main.  

Berkhout, F., Hertin, J., & Gann, D. M. (2006). Learning to adapt: Organisational adaptation to climate 
change impacts. Climatic Change, 78(1), 135-156. Retrieved July 31, 2008 from Scopus. 

Biggiero, L. (2001). Sources of complexity in human systems. Nonlinear Dynamics, Psychology, and 
Life Sciences, 5(1), 3-19. Retrieved June 16, 2008 from SpringerLink. 

Biggs, R., Raudsepp-Hearne, C., Atkinson-Palombo, C., Bohensky, E., Boyd, E., Cundill, G., et al. (2007). 
Linking futures across scales: A dialog on multiscale scenarios. Ecology and Society, 12(1). 
Retrieved October 05, 2008 from DOAJ. 

Blecic, I., & Cecchini, A. (2008). Design beyond complexity: Possible futures-Prediction or design? 
(and techniques and tools to make it possible). Futures, 40(6), 538-552. Retrieved July 14, 
2008 from ScienceDirect. 

Brooks-Harris, J. E., & Stock-Ward, S. R. (1999). Workshops: Designing and Facilitating Experiential 
Learning. Thosand Oaks, London, New Delhi: Sage Publications. 

Burger, P., & Kamber, R. (2003). Cognitive Integration in Transdisciplinary Science: Knowledge as a 
Key Notion. Issues in Integrative Studies, 21, 43-73. Retrieved February 10, 2009 from 
http://www.units.muohio.edu/aisorg/pubs/issues/21_BURGER-KAMBER.pdf. 

Burns, D. (2007). Systemic Action Research: a strategy for whole system change. Bristol: Policy Press. 
Burt, G. (2007). Why are we surprised at surprises? Integrating disruption theory and system analysis 

with the scenario methodology to help identify disruptions and discontinuities. Technological 
Forecasting and Social Change, 74(6), 731-749. Retrieved July 08, 2008 from Scopus. 

Carolan, M. S. (2006). Sustainable agriculture, science and the co-production of 'expert' knowledge: 
The value of interactional expertise. Local Environment, 11(4), 421-431. Retrieved November 
13, 2007 from EBSCOhost. 

Castiaux, A. (2007). Radical innovation in established organizations: Being a knowledge predator. 
Journal of Engineering and Technology Management, 24(1-2), 36-52. May 22, 2007 from 
ScienceDirect. 

Charter, M., & Clark, T. (2007). Sustainable Innovation: Key conclusions from Sustainable Innovation 
Conferences 2003–2006 organised by The Centre for Sustainable Design. Farnham: CFSD. 
Retrieved September 08, 2008 from http://www.cfsd.org.uk/ 
Sustainable%20Innovation/Sustainable_Innovation_report.pdf. 

Charter, M., & Clark, T. (2008). Product Sustainability: Organisational Considerations. International 
Journal of Product Development, 6(3/4), 251-275. 

Collins, E., Lawrence, S., Pavlovich, K., & Ryan, C. (2007). Business networks and the uptake of 
sustainability practices: the case of New Zealand. Journal of Cleaner Production, 15(8-9), 729-
740. Retrieved July 28, 2008 from ScienceDirect. 

Crotty, M. (1998). The foundations of social research meaning and perspective in the research 
process. St Leonards, NSW: Allen & Unwin. 

Dahle, K. (2007). When do transformative initiatives really transform? A typology of different paths 
for transition to a sustainable society. Futures, 39(5), 487-504. Retrieved June 01, 2009 from 
ScienceDirect.  

Davison, R. M., Martinsons, M. G., & Kock, N. (2004). Principles of canonical action research. 
Information Systems Journal, 14(1), 65-86. Retrieved July 20, 2009 from WILEY Interscience. 



223 
 

Dick, B. (2000). Cycles within cycles. Retrieved July 20, 2009 from 
http://www.scu.edu.au/schools/gcm/ar/arp/cycles.html. 

Dijkema, G. P. J., Ferrao, P., Herder, P. M., & Heitor, M. (2006). Trends and opportunities framing 
innovation for sustainability in the learning society. Technological Forecasting and Social 
Change, 73(3), 215-227. Retrieved March 21, 2007 from ScienceDirect. 

Dosi, G. (1988). Sources, Procedures, and Microeconomic Effects of Innovation. Journal of Economic 
Literature, 26(3), 1120-1171. Retrieved July 31, 2008 from EBSCOhost.  

Edquist, C. (Ed.). (1997). Systems of innovation: technologies, institutions, and organizations. New 
York: Pinter. 

Ehrenfeld, J. (2008). Sustainability by design: a subversive strategy for transforming our consumer 
culture. New Haven: Yale University Press. 

Ekins, P., Simon, S., Deutsch, L., Folke, C., & De Groot, R. (2003). A framework for the practical 
application of the concepts of critical natural capital and strong sustainability. Ecological 
Economics, 44(2-3), 165-185. Retrieved July 16, 2008 from ScienceDirect. 

Elzen, B., & Wieczorek, A. (2005). Transitions towards sustainability through system innovation. 
Technological Forecasting and Social Change, 72(6 SPEC. ISS.), 651-661. Retrieved June 06, 
2006 from ScienceDirect. 

Fisk, D. J., & Kerherve, J. (2006). Complexity as a cause of unsustainability. Ecological Complexity, 
3(4), 336-343. Retrieved May 20, 2008 from Scopus. 

Frame, B., & Brown, J. (2008). Developing post-normal technologies for sustainability. Ecological 
Economics, 65(2), 225-241. Retrieved June 09, 2008 from ScienceDirect. 

Frantzeskaki, N., & de Haan, H. (2009). Transitions: Two steps from theory to policy. Futures, 41(9), 
593-606. Retrieved October 12, 2009 from ScienceDirect. 

Geels, F. (2005). Co-evolution of technology and society: The transition in water supply and personal 
hygiene in the Netherlands (1850-1930) - A case study in multi-level perspective. Technology 
in Society, 27(3), 363-397. Retrieved May 22, 2007 from ScienceDirect. 

Geels, F. W. (2006). Major system change through stepwise reconfiguration: A multi-level analysis of 
the transformation of American factory production (1850-1930). Technology in Society, 28(4), 
445-476. Retrieved May 24, 2007 from ScienceDirect. 

Geels, F. W. (2006). Multi-Level Perspective on System Innovation: Relevance for Industrial 
Transformation In X. Olsthoorn & A. J. Wieczorek (Eds.), Understanding Industrial 
Transformation Views from Different Disciplines (pp. 163-186). Dordrecht: Springer. 

Geels, F. W., Hekkert, M. P., & Jacobsson, S. (2008). The dynamics of sustainable innovation journeys. 
Technology Analysis and Strategic Management, 20(5), 521-536. Retrieved July 14, 2009 
from informaworld. 

Geels, F. W., Monaghan, A., Eames, M., & Steward, F. (2008). The Feasibility of Systems Thinking in 
Sustainable Consumption and Production Policy: A report to the Department for Environment, 
Food and Rural Affairs. London: Brunel Business School, Brunel University. 

Glassick, C. E., Huber, M. T., & Maeroff, G. I. (1997). Scholarship assessed: evaluation of the 
professoriate. San Francisco: Jossey-Bass. 

Grossmann, I. (2007). Critical and strategic factors for scenario development and discontinuity 
tracing. Futures, 39(7), 878-894. Retrieved March 11, 2008 from ScienceDirect. 

Guggenheim, M. (2006). Undisciplined research: The proceduralisation of quality control in 
transdisciplinary projects. Science and Public Policy, 33(6), 411-421. Retrieved July 15, 2008 
from Scopus. 

Guimarães Pereira, Â. (2001). The Visions Project at the Joint Research Centre (No. EUR 19926 EN): 
European Commission, Joint Research Centre.  

Guimarães Pereira, Â., & Funtowicz, S. (2006). Knowledge Representation and Mediation for 
Transdisciplinary Frameworks: Tools to Inform Debates, Dialogues & Deliberations. 
International Journal of Transdisciplinary Research, 1(1), 35-50. Retrieved February 10, 2009 



224 
 

from http://www.ijtr.org/Vol%201%20 No1/4.%20Pereira_Funtowicz_IJTR_ 
Article_Vol1_no1.pdf. 

Gunderson, L. H., & Holling, C. S. (Eds.). (2002). Panarchy: understanding transformations in human 
and natural systems. Washington, DC: Island Press. 

Guy, S., & Moore, S. A. (2007). Sustainable architecture and the pluralist imagination. Journal of 
Architectural Education, 60(4), 15-23. Retrieved June 13, 2008 from EBSCOhost. 

Hauff, M., & Wilderer, P. A. (2008). Industrial ecology: Engineered representation of sustainability. 
Sustainability Science, 3(1), 103-115. Retrieved May 20, 2008 from Scopus. 

Haxeltine, A., Whitmarsh, L., Bergman, N., Rotmans, J., Schilperoord, M., & Kohler, J. (2008). A 
conceptual framework for transition modelling. International Journal of Innovation and 
Sustainable Development, 3(1-2), 93-114. Retrieved July 31, 2008 from INDERSCIENCE. 

Healy, S. (2003). Epistemological pluralism and the 'politics of choice'. Futures, 35(7), 689-701. 
Retrieved August 19, 2006 from ScienceDirect. 

Herkert, J. R. (2005). Ways of thinking about and teaching ethical problem solving: Microethics and 
macroethics in engineering. Science and Engineering Ethics, 11(3), 373-385. Retrieved March 
03, 2008 from Scopus. 

Heron, J. (1989). The Facilitator's Handbook. London: Kogan Page. 
Herr, K., & Anderson, G. L. (2005). The action research dissertation: a guide for students and faculty. 

Thousand Oaks, Calif.: SAGE Publications. 
Hesselbein, F., & Goldsmith, M. (Eds.). (2009). The organization of the future 2: visions, strategies, 

and insights on managing in a new era (1st ed.). San Francisco, CA: Jossey-Bass. 
Huesemann, M. H. (2006). Can advances in science and technology prevent global warming? A critical 

review of limitations and challenges. Mitigation and Adaptation Strategies for Global Change, 
11(3), 539-577. Retrieved May 19, 2007 from Scopus. 

International Association of Facilitators. (2004). Statement of Values and Code of Ethics for 
Facilitators. Retrieved April 08, 2010, from http://www.iaf-
world.org/files/public/IAFEthicsJune2004.pdf. 

Inayatullah, S. (2002). Reductionism or layered complexity? The futures of futures studies. Futures, 
34(3-4), 295-302. Retrieved February 11, 2006 from ScienceDirect. 

Inns, T. (Ed.). (2007). Designing for the 21st century: interdisciplinary questions and insights. 
Aldershot: Gower. 

Hunter, D. (2007). The Art of Facilitation. Auckland, NZ: RandomHouse. 
Jackson, T. (2005). Live better by consuming less? Is there a "double dividend" in sustainable 

consumption? Journal of Industrial Ecology, 9(1-2), 19-36. Retrieved October 05, 2006 from 
EBSCOhost. 

Jackson, T. (2009). Prosperity without Growth: Economics for a Finite Planet. London; Sterling, VA: 
Earthscan. 

Jantsch, E. (1972). Towards Interdisciplinarity and Transdisciplinarity in Education and Innovation In 
L. Apostel (Ed.), Interdisciplinarity: Problems of Teaching and Research in Universities (pp. 97-
121). Paris: OECD. 

Johansson, G. (2006). Incorporating environmental concern in product development: A study of 
project characteristics. Management of Environmental Quality, 17(4), 421-436. Retrieved 
January 09, 2007 from Scopus. 

Johansson, G., & Magnusson, T. (2006). Organising for environmental considerations in complex 
product development projects: implications from introducing a "Green" sub-project. Journal 
of Cleaner Production, 14(15-16), 1368-1376. Retrieved April 08, 2007 from ScienceDirect. 

Johnson, C. W. (2006). What are emergent properties and how do they affect the engineering of 
complex systems? Reliability Engineering & System Safety, 91(12), 1475-1481. Retrieved 
August 05, 2008 from ScienceDirect. 

Johnson, J. (2008). Science and policy in designing complex futures. Futures, 40(6), 520-536. 
Retrieved January 06, 2009 from ScienceDirect. 



225 
 

Joore, P. (2008). The V-Cycle for system innovation translating a broad societal need into concrete 
product service solutions: the multifunctional centre Apeldoorn case. Journal of Cleaner 
Production, 16(11), 1153-1162. Retrieved May 26, 2008 from ScienceDirect. 

Jørgensen, M. S., Jørgensen, U., & Clausen, C. (2009). The social shaping approach to technology 
foresight. Futures, 41(2), 80-86. Retrieved June 01, 2009 from ScienceDirect. 

Kaghan, W. N., & Bowker, G. C. (2001). Out of machine age?: complexity, sociotechnical systems and 
actor network theory. Journal of Engineering and Technology Management, 18(3-4), 253-
269. Retrieved May 22, 2007 from ScienceDirect. 

Kates, R. W., & Parris, T. M. (2003). Long-term trends and a sustainability transition. Proceedings of 
the National Academy of Sciences of the United States of America, 100(14), 8062-8067. 
Retrieved October 06, 2006 from Scopus. 

Katz, E., & Solomon, F. (2008). Social science and technology development: A case study of moving 
from observation to intervention. Technology in Society, 30(2), 154-162. Retrieved June 12, 
2009 from ScienceDirect. 

Keijzers, G. (2002). The transition to the sustainable enterprise. Journal of Cleaner Production, 10(4), 
349-359. Retrieved October 06, 2006 from ScienceDirect. 

Kemp, R., Rip, A., & Schot, J. (2001). Constructing Transition Paths thorugh the Management of 
Niches. In R. Garud & P. Karnøe (Eds.), Path Dependence and Creation (pp. 269-299). 
Mahwah, N.J.: Lawrence Erlbaum Associates. 

Kemp, R., Rotmans, J., & Loorbach, D. (2007). Assessing the Dutch energy transition policy: How does 
it deal with dilemmas of managing transitions? Journal of Environmental Policy and Planning, 
9(3-4), 315-331. Retrieved March 01, 2008 from Scopus. 

Kueffer, C., & Hirsch Hadorn, G. (2008). How to Achieve Effectiveness in Problem-Oriented Landscape 
Research: The Example of Research on Biotic Invasions. Living Reviews in Landscape Research, 
2(2). Retrieved February 10, 2009 from 
http://landscaperesearch.livingreviews.org/Articles/lrlr-2008-2/download/lrlr-2008-
2Color.pdf. 

Larsen, K., & Höjer, M. (2007). Technological innovation and transformation perspectives in 
environmental futures studies for transport and mobility. International Journal of Foresight 
and Innovation Policy, 3(1), 95-115. Retrieved March 19, 2009 from Scopus. 

Leiserowitz, A. A., Kates, R. W., & Parris, T. M. (2006). Sustainability values, attitudes, and behaviors: 
A review of multinational and global trends, Annual Review of Environment and Resources 
(Vol. 31, pp. 413-444). Retrieved February 24, 2008 from Scopus. 

Lenhard, J., Lücking, H., & Schwechheimer, H. (2006). Expert knowledge, Mode-2 and scientific 
disciplines: Two contrasting views. Science and Public Policy, 33(5), 341-350. Retrieved 
February 24, 2009 from Scopus.  

Martens, P., & Rotmans, J. (2005). Transitions in a globalising world. Futures, 37(10), 1133-1144. 
Retrieved June 23, 2006 from ScienceDirect. 

Matutinovic, I. (2007). Worldviews, institutions and sustainability: An introduction to a co-
evolutionary perspective. International Journal of Sustainable Development and World 
Ecology, 14(1), 92-102. Retrieved November 01, 2007 from ProQuest. 

Maula, M. V. J., Keil, T., & Salmankeika, J.-P. (2008). Open Innovation in Systemic Innovation 
Contexts. In H. Chesbrough, W. Vanhaverbeke & J. West (Eds.), Open Innovation: Researching 
a New Paradigm (pp. 241-258). Oxford: Oxford University Press. 

Max-Neef, M. (1995). Economic growth and quality of life: A threshold hypothesis. Ecological 
Economics, 15(2), 115-118. Retrieved February 14, 2007 from ScienceDirect. 

Max-Neef, M. A. (2005). Foundations of transdisciplinarity. Ecological Economics, 53(1), 5-16. 
Retrieved November 25, 2008 from ScienceDirect. 

Mayer, A. L. (2008). Strengths and weaknesses of common sustainability indices for multidimensional 
systems. Environment International, 34(2), 277-291. Retrieved July 17, 2008 from Scopus. 



226 
 

McElroy, M. W. (2003). The new knowledge management: complexity, learning, and sustainable 
innovation. Hartland Four Corners, Vt Amsterdam; Boston: KMCI Press; Amsterdam; Boston: 
Butterworth-Heinemann. 

Miller, T. R., Baird, T. D., Littlefield, C. M., Kofinas, G., Chapin III, F. S., & Redman, C. L. (2008). 
Epistemological pluralism: Reorganizing interdisciplinary research. Ecology and Society, 13(2). 
Retrieved February 24, 2009 from DOAJ. 

Millet, D., Bistagnino, L., Lanzavecchia, C., Camous, R., & Poldma, T. (2006). Does the potential of the 
use of LCA match the design team needs? Journal of Cleaner Production, 15(4), 335-346. 
Retrieved March 08, 2007 from ScienceDirect. 

Mitchell, S. D. (2004). Why Integrative Pluralism? Emergence: Complexity & Organization, 6(1/2), 81-
91. Retrieved July 09, 2009 from EBSCOhost. 

Mitrany, M., & Stokols, D. (2005). Gauging the transdisciplinary qualities and outcomes of doctoral 
training programs. Journal of Planning Education and Research, 24(4), 437-449. Retrieved 
July 15, 2008 from Scopus. 

Monaghan, A., & Steward, F. (Eds.). (2006). Catalysing Innovation for Sustainability: Research Insights 
from the Economic and Social Research Council Sustainable Technologies Programme: 
Economic & Social Research Council. Retrieved July 12, 2009 from 
http://www.sustainabletechnologies.ac.uk/final%20pdf/online%20version.pdf. 

Moors, E. H. M., & Mulder, K. F. (2002). Industry in sustainable development: The contribution of 
regime changes to radical technical innovation in industry. International Journal of 
Technology, Policy and Management, 2(4), 434-454. Retrieved August 31, 2008 from 
INDERSCIENCE. 

Morin, E. (1992). From the concept of system to the paradigm of complexity. Journal of Social and 
Evolutionary Systems, 15(4), 371-385. Retrieved January 19, 2009 from ScienceDirect. 

Mulder, K. F. (2007). Innovation for sustainable development: From environmental design to 
transition management. Sustainability Science, 2(2), 253-263. Retrieved November 11, 2007 
from Scopus. 

Mumford, E. (2001). Advice for an action researcher. Information Technology & People, 14(1), 12. 
Retrieved July 20, 2009 from Emerald. 

Neumayer, E. (2003). Weak versus strong sustainability: exploring the limits of two opposing 
paradigms (2nd ed.). Cheltenham, UK; Northampton, MA: Edward Elgar. 

Nill, J., & Kemp, R. (2009). Evolutionary approaches for sustainable innovation policies: From niche to 
paradigm? Research Policy, 38(4), 668-680. Retrieved March 01, 2010 from ScienceDirect. 

Norgaard, R. B. (1988). Sustainable development: A co-evolutionary view. Futures, 20(6), 606-620. 
Retrieved May 12, 2006 from ScienceDirect. 

Norgaard, R. B., & Baer, P. (2005). Collectively seeing complex systems: The nature of the problem. 
BioScience, 55(11), 953-960. Retrieved May 20, 2008 from Scopus. 

Ny, H., MacDonald, J. P., Broman, G., Yamamoto, R., & Robèrt, K. H. (2006). Sustainability constraints 
as system boundaries: An approach to making life-cycle management strategic. Journal of 
Industrial Ecology, 10(1-2), 61-77. Retrieved January 15, 2007 from EBSCOhost. 

O'Connor, G. C. (2008). Major innovation as a dynamic capability: A systems approach. Journal of 
Product Innovation Management, 25(4), 313-330. Retrieved July 13, 2008 from Scopus. 

Olsson, P., Gunderson, L. H., Carpenter, S. R., Ryan, P., Lebel, L., Folke, C., et al. (2006). Shooting the 
rapids: Navigating transitions to adaptive governance of social-ecological systems. Ecology 
and Society, 11(1). Retrieved August 09, 2007 from DOAJ. 

Pang, A. S.-K. (2010). Futures 2.0. Foresight, 12(1), 5-20. Retrieved March 15, 2010 from Emerald. 
Paramanathan, S., Farrukh, C., Phaal, R., & Probert, D. (2004). Implementing Industrial Sustainability: 

The Research Issues in Technology Management. R and D Management, 34(5), 527-537. 
Retrieved October 08, 2006 from Scopus. 

Passey, S. J., Goh, N., & Kil, P. (2006). Targeting the Innovation Roadmap Event Horizon: Product 
Concept Visioning & Scenario Building. Paper presented at the 2006 IEEE International 



227 
 

Conference on Management of Innovation and Technology. Retrieved August 08, 2008 from 
IEEE Xplore. 

Peavey, F. (1997). Strategic Questioning: An Approach to Creating Personal and Social Change. 
Retrieved December 12, 2008 from http://www.jobsletter.org.nz/pdf/stratq97.pdf. 

Perrels, A. (2008). Wavering between radical and realistic sustainable consumption policies: in search 
for the best feasible trajectories. Journal of Cleaner Production, 16(11), 1203-1217. Retrieved 
May 26, 2008 from ScienceDirect. 

Petrick, I. J., & Echols, A. E. (2004). Technology roadmapping in review: A tool for making sustainable 
new product development decisions. Technological Forecasting and Social Change, 71(1-2), 
81-100. Retrieved May 23, 2006 from ScienceDirect. 

Pillkahn, U., & Sasana, S. (2008). Scenario Development 2.0. Paper presented at the Third 
International Seville Seminar on Future-Oriented Technology Analysis: Impacts and 
Implications for Policy and Decision-making, 16-17 October, 2008, Seville, Spain. 

Pohl, C., Van Kerkhoff, L., Hirsch Hadorn, G., & Bammer, G. (2008). Integration. In G. Hirsch Hadorn, S. 
Biber-Klemm, W. Grossenbacher-Mansuy, H. Hoffmann-Riem, D. Joye, C. Pohl, U. Wiesmann 
& E. Zemp (Eds.), Handbook of Transdisciplinary Research (pp. 411-424). Dordrecht: Springer 
Science + Business Media B.V. 

Pool, R. (1997). Beyond engineering: how society shapes technology. New York: Oxford University 
Press. 

Porter, T. B. (2006). Coevolution as a research framework for organizations and the natural 
environment. Organization and Environment, 19(4), 479-504. Retrieved Sptember 08, 2008 
from Scopus. 

Presley, A., & Meade, L. (2002). The Role of Soft Systems Methodology in Planning for Sustainable 
Production. Greener Management International, Spring2002(37), 101-111. Retrieved 
September 05, 2006 from EBSCOhost. 

ProClim. (1997). Research on Sustainability and Global Change - Visions in Science Policy by Swiss 
Researchers. Bern: ProClim- Forum for Climate and Global Change. 

Quist, J. N., & Vergragt, P. J. (2000). System Innovations towards Sustainability Using Stakeholder 
Workshops and Scenarios. Paper presented at the POSTI Conference "Policy Agendas for 
Sustainable Technological Innovation", December 1-3, 2000, London, UK. 

Quist, J., Vergragt, P. J., & Thissen, W. (2005). The impact of backcasting: what is the relevance for 
sustainable system innovations and transition management? In: Proceedings 
SWOME/GaMON Market day 2005, S. van den Burg, G. Spaargaren, H. Waaijers (eds), 
published by SWOME / NOW / VROM / LNV. pp 115-120. 

Ramadier, T. (2004). Transdisciplinarity and its challenges: The case of urban studies. Futures, 36(4), 
423-439. Retrieved March 03, 2009 from ScienceDirect. 

Rammel, C. (2003). Sustainable development and innovations: Lessons from the Red Queen. 
International Journal of Sustainable Development, 6(4), 395-416. Retrieved September 05, 
2006 from INDERSCIENCE. 

Raskin, P. D. (2006). The Great Transition Today: A Report from the Future. Retrieved February 12, 
2007 from http://www.gtinitiative.org/documents/PDFFINALS/2GTToday.pdf.  

Ravetz, J. (2004). The post-normal science of precaution. Futures, 36(3), 347-357. Retrieved June 12, 
2006 from ScienceDirect. 

Ravetz, J. R. (1997). The science of 'what-if?'. Futures, 29(6), 533-539. Retrieved June 12, 2006 from 
ScienceDirect. 

Ravetz, J. R. (1999). What is post-normal science. Futures, 31(7), 647-653. Retrieved June 12, 2006 
from ScienceDirect. 

Ravetz, J. R. (2006). Post-Normal Science and the complexity of transitions towards sustainability. 
Ecological Complexity, 3(4), 275-284. Retrieved October 30, 2007 from ScienceDirect. 



228 
 

Resilience Alliance. (2007). Assessing and managing resilience in social-ecological systems: A 
practitioners workbook, Vol. 1. Retrieved January 03, 2010 from 
http://www.resalliance.org/3871.php.  

Robért, K. H. (2000). Tools and concepts for sustainable development, how do they relate to a 
general framework for sustainable development, and to each other? Journal of Cleaner 
Production, 8(3), 243-254. Retrieved June 21, 2006 from ScienceDirect. 

Robèrt, K. H., Schmidt-Bleek, B., Aloisi de Larderel, J., Basile, G., Jansen, J. L., Kuehr, R., et al. (2002). 
Strategic sustainable development -- selection, design and synergies of applied tools. Journal 
of Cleaner Production, 10(3), 197-214. Retrieved June 21, 2006 from ScienceDirect. 

Robinson, J. (2003). Future subjunctive: Backcasting as social learning. Futures, 35(8), 839-856. 
Retrieved March 27, 2007 from ScienceDirect. 

Robinson, J. B. (1988). Unlearning and backcasting: Rethinking some of the questions we ask about 
the future. Technological Forecasting and Social Change, 33(4), 325-338. Retrieved April 09, 
2006 from ScienceDirect. 

Rogers, E. M. (2003). Diffusion of innovations (5th ed.). New York: Free Press. 
Roland Ortt, J., Langley, D. J., & Pals, N. (2007). Exploring the market for breakthrough technologies. 

Technological Forecasting and Social Change, 74(9), 1788-1804. Retrieved July 07, 2008 from 
ScienceDirect. 

Rosa, E. A., & Machlis, G. E. (2002). It's a bad thing to make one thing into two: Disciplinary 
distinctions as trained incapacities. Society and Natural Resources, 15(3), 251-261. Retrieved 
April 15, 2008 from Scopus. 

Russell, W. (2005). No academic borders? Transdisciplinarity in university teaching and research. 
Australian Universities Review, 48(1), 35-41. Retrieved March 12, 2009 from ERIC.  

Saari, E., & Kivisaari, S. (2009). Can system innovations be facilitated by societal embedding? VTT 
Symposium (Valtion Teknillinen Tutkimuskeskus)(258), 293-296. Retrieved March 01, 2010 
from Scopus. 

Salomo, S., Gemunden, H. G., & Leifer, R. (2007). Research on corporate radical innovation systems--
A dynamic capabilities perspective: An introduction. Journal of Engineering and Technology 
Management, 24(1-2), 1-10. Retrieved May 22, 2007 from ScienceDirect. 

Schacter, D. L., Addis, D. R., & Buckner, R. L. (2007). The Prospective Brain: Remembering the Past to 
Imagine the Future. Nature Reviews Neuroscience, 8, 657-661. Retrieved January 13, 2008 
from EBSCOhost. 

Scholz, R. W., & Tietje, O. (2002). Embedded case study methods : integrating quantitative and 
qualitative knowledge (O. Tietje, Trans.). Thousand Oaks, California: Sage Publications. 

Scholz, R. W., Spoerri, A., & Lang, D. J. (2009). Problem structuring for transitions: The case of Swiss 
waste management. Futures, 41(3), 171-181. Retrieved March 01, 2010 from ScienceDirect. 

Schot, J., & Geels, F. W. (2007). Niches in evolutionary theories of technical change: A critical survey 
of the literature. Journal of Evolutionary Economics, 17(5), 605-622. Retrieved November 12, 
2007 from Scopus. 

Schot, J., & Geels, F. W. (2008). Strategic niche management and sustainable innovation journeys: 
Theory, findings, research agenda, and policy. Technology Analysis and Strategic 
Management, 20(5), 537-554. Retrieved July 14, 2009 from informaworld. 

Schwaninger, M. (2004). Long over short term: the example of ecological management. Journal of 
Organisational Transformation and Social Change, 1(1), 11-27. Retrieved July 23, 2008 from 
SwetsWise. 

Senge, P. M. (2006). The fifth discipline: the art and practice of the learning organization (Rev. and 
updat ed.). New York: Doubleday/Currency. 

Senge, P. M., Smith, B., Kruschwitz, N., Laur, J., & Schley, S. (2008). The necessary revolution: how 
individuals and organizations are working together to create a sustainable world. London: 
Doubleday Publishing. 



229 
 

Shackley, S., & Green, K. (2007). A conceptual framework for exploring transitions to decarbonised 
energy systems in the United Kingdom. Energy, 32(3), 221-236. Retrieved June 06, 2007 from 
ScienceDirect. 

Shove, E., & Walker, G. (2007). CAUTION! Transitions ahead: Politics, practice, and sustainable 
transition management. Environment and Planning A, 39(4), 763-770. Retrieved August 28, 
2007 from Scopus. 

Siebenhüner, B. (2004). Social learning and sustainability science: Which role can stakeholder 
participation play? International Journal of Sustainable Development, 7(2), 146-163. 
Retrieved May 20, 2008 from Scopus. 

Silberzahn, P., & Midler, C. (2008). Creating products in the absence of markets: A robust design 
approach. Journal of Manufacturing Technology Management, 19(3), 407-420. Retrieved July 
13, 2008 from Scopus. 

Smits, M. (2006). Taming monsters: The cultural domestication of new technology. Technology in 
Society, 28(4), 489-504. Retrieved April 10, 2007 from ScienceDirect. 

Sneddon, C., Howarth, R. B., & Norgaard, R. B. (2006). Sustainable development in a post-Brundtland 
world. Ecological Economics, 57(2), 253-268. Retrieved September 18, 2006 from 
ScienceDirect. 

Snowden, D., & Stanbridge, P. (2004). The landscape of management: Creating the context for 
understanding social complexity. Emergence: Complexity & Organization, 6(1/2), 140-148. 
Retrieved July 09, 2008 from EBSCOhost. 

Sosa, R., & Gero, J. S. (2008). Social structures that promote change in a complex world: The 
complementary roles of strangers and acquaintances in innovation. Futures, 40(6), 577-585. 
Retrieved June 01, 2009 from ScienceDirect. 

Söderbaum, P. (2007). Issues of paradigm, ideology and democracy in sustainability assessment. 
Ecological Economics, 60(3), 613-626. Retrieved February 16, 2008 from ScienceDirect. 

Spangenberg, J. H. (2004). Sustainability Science: Which Science and Technology for Sustainable 
Development? Paper presented at the IRDF Forum on Sustainable Development. Retrieved 
March 10, 2008, from http://www.istas.ccoo.es/escorial04/ material/dc10.pdf. 

Späth, P., Rohracher, H., Weber, K. M., & Oehme, I. (2006). The transition towards sustainable 
production systems in Austria: A reflexive exercise? In J.-P. Voß, D. Bauknecht & R. Kemp 
(Eds.), Reflexive governance for sustainable development (pp. 355-382). Cheltenham, Glos, 
UK ; Northampton, MA: Edward Elgar. 

Stagl, S., & O'Hara, S. U. (2001). Preferences, needs and sustainability. International Journal of 
Sustainable Development, 4(1), 4-21. Retrieved March 11, 2008 from Scopus. 

Stauffacher, M., Walter, A. I., Lang, D. J., Wiek, A., & Scholz, R. W. (2006). Learning to research 
environmental problems from a functional socio-cultural constructivism perspective: The 
transdisciplinary case study approach. International Journal of Sustainability in Higher 
Education, 7(3), 252-275. Retrieved March 04, 2008 from Scopus. 

Stefik, M., & Stefik, B. (2004). Breakthrough!: Stories and strategies of radical innovation. Cambridge, 
Mass.: MIT Press. 

Sterman, J. (2000). Business dynamics: systems thinking and modeling for a complex world. Boston: 
Irwin/McGraw-Hill. 

Stirling, A. (2007). Deliberate futures: Precaution and progress in social choice of sustainable 
technology. Sustainable Development, 15(5), 286-295. Retrieved July 31, 2008 from Scopus. 

SustainAbility. (2008). The Social Intrapreneur: A Field Guide for Corporate Changemakers: 
SustainAbility. Retrieved June 17, 2008 http://www.sustainability.com/downloads 
_public/TheSocialIntrapreneur.pdf. 

Tainter, J. A. (2006). Social complexity and sustainability. Ecological Complexity, 3(2), 91-103. 
Retrieved May 20, 2008 from Scopus. 



230 
 

Tassopoulos, A. (2006). A new conception of the diffusion of technological innovations: A system's 
approach. Neural, Parallel and Scientific Computations, 14(2-3), 309-322.  Retrieved March 
03, 2008 from Scopus. 

Tress, B., Tress, G., & Fry, G. (2004). Defining concepts and process of knowledge production in 
integrative research Paper presented at the Frontis Workshop: From Landscape Research to 
Landscape Planning: Aspects of Integration, Education and Application, Wageningen, The 
Netherlands. 

Tukker, A. (2004). Eight types of product-service system: Eight ways to sustainability? Experiences 
from suspronet. Business Strategy and the Environment, 13(4), 246-260. Retrieved May 09, 
2007 from Scopus.  

Tukker, A. (2008). Sustainability: A Multi-Interpretable Notion. In A. Tukker, M. Charter, C. Vezzoli, E. 
Stø & M. M. Andersen (Eds.), System Innovation for Sustainability 1: Perspectives on Radical 
Changes to Sustainable Consumption and Production (pp. 14-43). Sheffield, UK: Greenleaf. 

Tukker, A., & Butter, M. (2007). Governance of sustainable transitions: about the 4(0) ways to change 
the world. Journal of Cleaner Production, 15(1), 94-103. Retrieved May 20, 2008 from 
ScienceDirect. 

UK Design Council. (2005). Design for Future Needs. Retrieved June 18, 2006 from 
http://www.dffn.org/Research.htm. 

Van Asselt, M. B. A., Rotmans, J., & Rothman, D. S. (2005). Scenario innovation: experiences from a 
European experimental garden. London: Taylor & Francis. 

Van de Kerkhof, M., Hisschemoller, M., & Spanjersberg, M. (2002). Shaping Diversity in Participatory 
Foresight Studies: Experiences with Interactive Backcasting in a Stakeholder Assessment on 
Long-Term Climate Policy in The Netherlands. Greener Management International, 
Spring2002(37), 85-100. Retrieved September 16, 2009 from EBSCOhost. 

Van de Kerkhof, M., & Wieczorek, A. (2005). Learning and stakeholder participation in transition 
processes towards sustainability: Methodological considerations. Technological Forecasting 
and Social Change, 72(6), 733-747. Retrieved August 22, 2006 from ScienceDirect. 

Van De Poel, I., & Van Gorp, A. C. (2006). The need for ethical reflection in engineering design: The 
relevance of type of design and design hierarchy. Science Technology and Human Values, 
31(3), 333-360. Retrieved March 03, 2008 from Scopus. 

Van den Bosch, S. J. M., Brezet, J. C., & Vergragt, P. J. (2005). How to kick off system innovation: a 
Rotterdam case study of the transition to a fuel cell transport system. Journal of Cleaner 
Production, 13(10-11), 1027-1035. Retrieved June 07, 2006 from ScienceDirect. 

Van den Bosch, S., Brezet, H., & Vergragt, P. (2005). Rotterdam case study of the transition to a fuel 
cell transport system. Fuel Cells Bulletin, 2005(6), 10-16. Retrieved June 07, 2006 from 
ScienceDirect. 

Van der Helm, R. (2009). The vision phenomenon: Towards a theoretical underpinning of visions of 
the future and the process of envisioning. Futures, 41(2), 96-104. Retrieved June 09, 2009 
from ScienceDirect. 

Van Notten, P. W. F., Sleegers, A. M., & van Asselt, M. B. A. (2005). The future shocks: On 
discontinuity and scenario development. Technological Forecasting and Social Change, 72(2), 
175-194. Retrieved October 05, 2008 from ScienceDirect. 

Vezzoli, C., & Manzini, E. (2008). Design for Environmental Sustainability. London: Springer. 
Voros, J. (2006). Introducing a classification framework for prospective methods. Foresight, 8(2), 43-

56. Retrieved July 01, 2008 from Scopus. 
Voros, J. (2006). Nesting social-analytical perspectives: An approach to macro-social analysis. Journal 

of Futures Studies, 11(1), 1-22. Retrieved September 22, 2008 from Emerald. 
Waage, S. A. (2007). Re-considering product design: a practical "road-map" for integration of 

sustainability issues. Journal of Cleaner Production, 15(7), 638-649. Retrieved May 18, 2008 
from ScienceDirect. 



231 
 

Waage, S. A., Geiser, K., Irwin, F., Weissman, A. B., Bertolucci, M. D., Fisk, P., et al. (2005). Fitting 
together the building blocks for sustainability: A revised model for integrating ecological, 
social, and financial factors into business decision-making. Journal of Cleaner Production, 
13(12), 1145-1163. Retrieved July 22, 2008 from ScienceDirect. 

Wahl, D. C., & Baxter, S. (2008). The designer's role in facilitating sustainable solutions. Design Issues, 
24(2), 72-83. Retrieved July 10, 2008 from Scopus. 

White, A. (Ed.). (2009). 2nd Summit on the Future of Corporation: Paper Series on Restoring the 
Primacy of the Real Economy. Retrieved August 24, 2009 from 
http://www.corporate2020.org/ corporation2020/documents/Papers/2nd-Summit-Paper-
Series.pdf. 

White, A., & Kelly, M. (Eds.). (2007). 1st Summit on the Future of Corporation: Paper Series on 
Corporate Design. Retrieved May 13, 2008 from http://www.corporate2020.org/ 
pdfs/SummitPaperSeries.pdf. 

White, A. L. (2006). Transforming the Corporation. Retrieved October 20, 2006 from 
http://www.gtinitiative.org/documents/PDFFINALS/5Corporations.pdf. 

Whyte, J. (2007). Evolutionary theories and design practices. Design Issues, 23(2), 46-54. Retrieved 
July 02, 2008 from Scopus. 

Wiesmann, U., Biber-Klemm, S., Grossenbacher-Mansuy, W., Hirsch Hadorn, G., Hoffmann-Riem, H., 
Joye, D., et al. (2008). Enhancing Transdisciplinary Research: A Synthesis in Fifteen 
Propositions In G. Hirsch Hadorn, S. Biber-Klemm, W. Grossenbacher-Mansuy, H. Hoffmann-
Riem, D. Joye, C. Pohl, U. Wiesmann & E. Zemp (Eds.), Handbook of Transdisciplinary 
Research (pp. 433-441). Dordrecht: Springer Science + Business Media B.V. 

Williams, R., & Edge, D. (1996). The social shaping of technology. Research Policy, 25(6), 865-899.  
Retrieved May 22, 2007 from ScienceDirect. 

Wolff, F., Schmitt, K., & Hochfeld, C. (2007). Competitiveness, innovation and sustainability – 
clarifying the concepts and their interrelations. Berlin: Öko-Institut. Retrieved November 26, 
2008 from http://www.oeko.de/oekodoc/596/2007-142-en.pdf?PHPSESSID= 
sdso148ngdr2p1s34f55e19181. 

Wood, J. (2007). Design for micro-utopias: making the unthinkable possible. Aldershot: Gower. 
Young, D. C. W., Quist, J., Toth, D. K., Anderson, D. K., & Green, P. K. (2001). Exploring sustainable 

futures through 'Design Orienting Scenarios' – The case of shopping, cooking and eating. The 
Journal of Sustainable Product Design, 1(2), 117-129. Retrieved June 17, 2008 from 
SpringerLink. 

Zamenopoulos, T., & Alexiou, K. (2005). Design and anticipation: towards an organisational view of 
design systems. Paper presented at the Proceedings of the ECCS 2005 Satellite Workshop: 
Embracing Complexity in Design, March 2005, Paris, France. Retrieved July 23, 2009 from 
http://www.casa.ucl.ac.uk/working_papers/paper76.pdf. 

  



232 
 

  



233 
 

APPENDIX I: 

CREDENTIALS OF THE EXPERTS CONSULTED DURING FIELD WORK 

Expert 1 New Zealand 
Expert 1 is the founder and principal director of a New Zealand based design research company 
specialised in sustainability and innovation and life cycle thinking in product development. The 
company was established in 2002.  Prior to establishing the company, Expert 1 led a team of 
designers at a leading furniture maker of New Zealand for 5 years undertaking a diverse range of 
product research, development and design. Expert 1 has 15 years of experience in sustainable 
product development in the commercial domain leading technology oriented product development 
projects and diversified design teams.  
  
Expert 2 New Zealand 
Expert 2 is the founder and CEO of a New Zealand based organisation which is promoting sustainable 
business practices and helping businesses willing to undertake sustainability as a strategic priority.  
This organisation was established in 2002. Prior to establishing this organisation Expert 2 worked in 
projects related to school education, environmental management systems, The Natural Step, and 
sustainable design. Expert 2 has been a board member of three businesses all of which has 
sustainability as their core business focus. Expert 2 has sixteen years of experience in sustainability 
and innovation area.  
 
Expert 3 The Netherlands 
Expert 3 is an Assistant Professor in the Faculty of Industrial Design Engineering, Design for 
Sustainability Program, at the Delft University of Technology, the Netherlands. Previously, Expert 3 
ran a small ecodesign consultancy between the years 1994-1996. Expert 3 is currently leading 
ecodesign/sustainable design projects internationally as well as teaching in these areas for the past 
twelve years.  
 
Expert 4 New Zealand 
Expert 4 has been working as a transformational coach, trainer and facilitator for eight years, 
working in leadership, personal, team and organizational development. Expert 4 is the co-founder 
and associate director of a small company based in New Zealand providing facilitation, coaching, 
mediation, personal health and development services. Expert 4 is also an associate of another New 
Zealand based company providing facilitation, coaching and mediation services as well as training in 
these areas.   
 
Expert 5 New Zealand 
Expert 5 has more than thirty years of experience as a group facilitator. In addition to facilitation, 
Expert 5 is a coach, author and researcher. Expert 5 is a co-founder and director of a New Zealand-
based company providing facilitation, mediation, and coaching services to government, business and 
community sectors since sixteen years. Expert 5 received a Ph.D. degree in 2003 and specialised in 
facilitation of sustainable co-operative processes in organisations. Expert 5 is a member of the 
Generative Change Community, Asia, a sustaining member of the International Association of 
Facilitators, a former board member as Vice Chair International (2001-2007) and was instrumental in 
the development of the International Association of Facilitators Code of Ethics for Group Facilitators.  
 
Expert 6 New Zealand 
Expert 6 is currently the director of a New Zealand based company helping businesses and non-profit 
organisations to establish a sustainability strategy encompassing economic, social, cultural and 



234 
 

environmental aspects. Expert 6 has twenty years of experience in media and consumer research (in 
Nielsen Media Research) and in the past five years directed this expertise to the areas of 
sustainability and social responsibility. Prior to working for this company, Expert 6 established and 
ran his own consultancy for more than two years. Expert 6 is involved in a number of industry 
working and advisory groups related to sustainable business and the development of the community 
and voluntary sector.  
 
Expert 7 New Zealand 
Expert 7 is Principal Consultant with a subsidiary of an international consultancy on corporate and 
product sustainability. Currently Expert 7 is consulting in the areas of Life Cycle Management, Life 
Cycle Assessment and Design for Environment to clients in private and public sector. Expert 7 has 
over fifteen years of experience in Life Cycle Management, Life Cycle Assessment and Design for 
Environment within consultancy, corporate and academic environments. 
 
Expert 8 USA 
Expert 8 has been the associate director of The Center for Sustainable Enterprise, which is under the 
Stuart School of Business at the Illinois Institute of Technology, USA, for ten years. Expert 8 is 
teaching as an adjunct professor within the school’s Environmental Management Program as well as 
at the Institute of Design. Since 1998, Expert 8 is the founder and has been president a consultancy 
providing business development strategies dedicated to eliminating or reducing the negative 
environmental consequences of business and commerce. Clients of this consultancy include 
businesses, non-government organizations, and academic institutions. Formerly, for sixteen years, 
Expert 8 was Director of Product Development with a company developing award-winning products, 
services, and programs related to the management of materials for resource recovery. In addition to 
directing the company’s Product Development Group, Expert 8 founded and directed the company’s 
model Product Stewardship Program. Expert 8 served on the US EPA Peer Review Group for its 
Product Life Cycle Assessment Project and was an invited technical expert to the Canadian Standards 
Association’s (CSA) Environmental Labeling, Design for the Environment Guidelines and The Strategic 
Advisory Group on the Environment (SAGE) the precursor group to the ISO-14000 Environmental 
Management Standards. Expert 8 was subsequently a member of the US Contingent in the 
development of the ISO 14000 General Guidelines. 
 
Expert 9 Hong Kong SAR/China 
Expert 9 is an Assistant Professor in the Department of Industrial and Product Design, at the School 
of Design of Hong Kong Polytechnic University, Hong Kong, for 14 years. Under the School of Design, 
Expert 9 established and became the leader of Asian Lifestyle Design Research Lab three years ago. 
Before joining the Hong Kong Polytechnic University, Expert 9 has participated in several visionary 
and innovative projects with companies such as JVC (Japan), Philips (the Netherlands), Hewlett 
Packard (France) and Alessi (Italy). Expert 9 also has joined O2 Sustainable Design Network as a 
corporate liaison, and as one of the team leaders of the 'sustainable design' initiative within Philip 
Design. Together with a professor of Milan Polytechnic University, Italy, Expert 9 has co-founded the 
Chinese Network on Design for Sustainability in China in 2000. Expert 9 has published a book, 
papers, and articles particularly about design for sustainability. Expert 9 has been invited as the 
regional advisor and contributor of the two UNEP sponsored publications on Product-Services 
Systems and Sustainable Design. 
 
Expert 10 New Zealand 
Expert 10 has been the Environmental Manager of a medium-size office furniture company 
operating in New Zealand, for four years. As part of this role, Expert 10 is responsible for managing 
the company's environmental aspects, controlling its environmental management system, and 
developing its environmental strategy. In 2008 Expert 9 was a founding member of a company which 
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provides consultancy for companies to move towards environmentally sound practices throughout 
their organisation. 
 
Expert 11 UK 
Expert 11 has been working as Head of Innovation for six years for a UK based, independent, non-
profit organisation with a mission to promote sustainable development by helping businesses and 
public organisations to understand and manage the risks and to find new opportunities towards a 
sustainable society. Before working for this organisation, Expert 11 provided consultancy on 
sustainable innovation and ecodesign for companies like Electrolux and Philips. 
 
Expert 12 New Zealand 
Expert 12 has been working as a Sustainable Business Facilitator for a Regional Council in New 
Zealand for two years. There are three main components of this role. These are implementing 
corporate sustainability initiatives and strategy for the council, facilitating regional and cross regional 
groups to drive corporate sustainability and regional waste minimisation outcomes and, co-
ordinating a resource efficiency programme for SME’s. Previous experience of Expert 12 involves 
managing contaminated site assessment and remediation projects, and providing consultancy to a 
local council in Australia in relation to community oriented sustainability initiatives. 
 
Expert 13 The Netherlands 
Expert 13 is an Assistant Professor in the Faculty of Technology, Policy and Management, at Delft 
University of Technology, the Netherlands. Expert 13 has been teaching and researching on 
sustainable foresight, scenarios, backcasting and sustainable (system) innovation for ten years in this 
organisation. Previously, Expert 13 was employed as a Project Coordinator for the Dutch National 
Inter-Ministerial Programme for Sustainable Technology Development which took place between 
1993 and 2001. 
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APPENDIX II: 

THE FINAL VERSION OF THE PRESENTATION USED DURING THE EXPERT 

CONSULTATIONS 

The purpose of this meeting is to get your 
feedback about the scenario method as an 
expert working in the joint area of innovation 
and sustainability and as a potential user of 
the method. I’ll first present the theoretical 
background this research is based on briefly 
and state the underlying assumptions. Then I’ll 
present the framework of the method in the 
form of the criteria the method needs to 
meet. Finally I’ll briefly talk about a workshop 
outline that I designed as a possible way of 
implementing the method. After the 
presentation, I’ll give you time to ask the 
questions you might have. Once all your 

questions are answered, I’ll give you an evaluation questionnaire to fill out.  

This presentation is designed to keep visual distraction to a minimum in order to keep the focus on 
the content and ideas to be evaluated. 

 

This graph shows the four levels of innovation 
and how they relate to sustainability.  

The first level is product improvement. 
Product improvements are focused on 
reducing environmental impacts of existing 
products.  

The second level is product redesign. In 
product redesign, product concept remains 
almost intact but either the product or its 
components are further developed or 
replaced. The first and second levels are 
where most of the efforts are focused at the 
moment, driven mainly by the regulatory 

push/push mechanisms. These first two levels have product focus and are performed within the 
realm of established technologies and social uptake of them.  

The third level is function innovation. At this level, the innovation is not limited to existing product 
concepts but related to how the function is achieved. This level generally constitutes a transition 
between product focus and system focus. In function innovation, the social function of products or 
technologies is of concern and questioned. I’ll talk about it a little bit in more detail later but social 
function is what exactly we aim to meet by a specific technology or product and whether there is 
another way of fulfilling that function. Currently, certain product-service-system applications fall into 
this category.  

The fourth and final level of innovation is system innovation. At this level the whole socio-technical 
system is replaced by a new system. Some historical examples of system innovation are the 
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transition from sailing ships to steam ships, the transition from horse-and-carriage to automobiles, 
and the transition from piston engine aircrafts to jetliners in American aviation. The older and much 
more profound system innovations are agricultural and industrial revolutions.   

 

As you move towards the upper levels of 
innovation, the complexity of the problem 
increases. Since you move towards upper 
levels, the context of change required widens. 
At the first two levels, company is a sufficient 
entity for analysis and action. However, 
towards upper levels the change requires 
collaboration of many stakeholders, some of 
which are hardly counted as stakeholders 
today. At system level innovation we talk 
about innovation at institutional level, at the 
very fundamentals of society including every 
single aspect and element of the socio-
technical system.  

 

The primary assumption this research is based 
on is that in order to achieve sustainability, 
we need innovation at system level. I’d like to 
articulate on this a little bit. 

The ‘System’ we talk about here is the socio-
technical system. Socio-technical system of 
course is all about the interrelationships 
between society, technology , economy and 
the environment. We focus on the socio-
technical system because society and 
technology mutually shape each other and 
therefore both social and technological 
change should be considered together.  

System innovation is radical change at system level. This means that there’ll be a transition and at 
the end of this transition the resulting socio-technical system will be radically different from the one 
at the start. However, this doesn’t necessarily mean that everything in the socio-technical system will 
radically change. Neither does it necessarily imply a rapid pace of change. Yet these are possibilities  
for some components or subsystems.    

Technological optimism or techno-centricism has proven to be faulty. Technology will not save us. 
Therefore the focus of system innovation should not necessarily be new/smart/hi-tech technologies 
but rather technologies which are appropriate for the particular context they’re meant to be used in.   

Related to the previous point, when considering system innovation, care for the specific needs of the 
context must be given. Also, there is no one-size-fits-all solutions. Different contexts need different 
solutions not only for economic and technological, but also for cultural reasons.  

System innovation will not happen overnight. It requires long-term thinking and coordinated action. 
System innovation cannot be planned and enforced top-down but can only be steered at best. The 
entirety of all actors in the socio-technical system and their self-organisation will determine the path 
and success of any system innovation.  
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To determine a typology of socio-technical 
contexts this figure is based on 
anthropological work about socio-cultural 
biases. The four socio-cultural biases are 
matched with technological intensity of 
solutions appropriate in different contexts to 
generate twelve generic types of socio-
technical contexts. It should be noted that the 
socio-cultural biases are ideal types and in 
reality there is a lot of fluidity among them. 
Similarly, the technological intensity row 
represents two opposite ends and the middle 
of a spectrum. Even though these twelve 
types are highly ideal, they serve sufficiently 

for the purposes of generating normative visions. In each socio-technical context shown in the figure, 
the same social function can be fulfilled by a different combination of technology/user.  

 

Social function cannot solely be described 
technologically but it also has a social 
dimension. Social function fulfillment is 
therefore a function of materials, production 
techniques, infrastructure, etc which shape 
the product/service and the culture, social 
norms, and cognitive/physical abilities which 
define the user. It should be noted that, 
service provision also requires hardware so 
talking solely about service is not possible but 
we can talk about a system of products and 
services. At the interface between the physical 
aspects of the product and the experience of 
the user, lies the social function being met. In 

this sense, the product and user are co-dependent and meet each other at the function. Therefore, 
they need to be acknowledged individually yet considered simultaneously in system innovation as 
complementary to each other. It should be noted that the size of the physical sphere may vary 
independent of the function since a function can be met in multiple ways some of which will be more 
material intensive than the others.  

 

So, simply put, from the perspective of 
product development system innovation is to 
provide the same function in the future 
through a combination of innovations both at 
the technological and at the social sphere. This 
is a process a single company can have very 
limited control over. It will require companies 
to collaborate with other actors of the socio-
technical system including other companies, 
NGOs, customers and government bodies and 
actively engage in the task of creating a 
sustainable society.   
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This brings us to the aim of my research. I, as 
an actor in the socio-technical system, would 
like my research to serve towards this much 
wider and longer-term vision of achieving a 
sustainable society too.  I am particularly 
interested in empowering businesses and 
product development teams so that they can 
actively take part in system level innovation.  

So, the overall aim of my research is to 
develop a scenario method for product 
development teams of companies to help 
them in planning for system level innovation 
for sustainability. 

 

This is basically how I did my research. Of 
course the whole process wasn’t as linear and 
straightforward as it looks here. As a result of 
following this methodology, I identified 
structural requirements and content 
requirements that the scenario method needs 
to meet for the particular aim of my research. 
These criteria establish the conceptual 
framework of the scenario method. I also 
designed a workshop process based on this 
conceptual framework. As part of the overall 
methodology, I’ll use your feedback in an 
iterative process of improving the method if 
necessary.  

Now, I’ll present the conceptual framework of the scenario method.  

 

In investigating and intervening in the role of 
businesses in achieving sustainability, the 
model currently being used is the weak 
sustainability model which is also the basis of 
triple bottom line approaches. The weak 
sustainability model assumes that either 
unlimited substitution among different kinds 
of capital is possible or that money is the 
universal substitute for anything. These 
assumptions often promote trade offs at the 
expense of the environment or create social 
injustice. Strong sustainability model 
represents the irreversible hierarchical 
dependencies between the environment, 

society and economy and emphasises that the different capitals subsumed by the environment, 
society and economy cannot be substituted and are complementary.  

Therefore the first criterion is that the scenario method should be based on the strong sustainability 
model.  
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Businesses are one of the major causes of 
unsustainability, but they are also one of the 
most important agents of technological and 
social change. Businesses are not entities 
needing to be corrected but they are mirrors 
of the society they operate in. They’ll either 
co-evolve with the society or become 
unsuccessful. It is important to emphasize 
that businesses are strictly subject to the 
irreversible hierarchy of the strong 
sustainability model and reference the 
interactions between the businesses and the 
environment, society and economy to this 
model.      

Therefore the second criterion is that the scenario method should enable businesses to model 
themselves within the strong sustainability model.  

 

Individual companies have very limited 
agency to influence change at the systemic 
level. Nevertheless, companies are part of 
society. Therefore, their strategic goals 
should not be contradictory to visions of 
society and should be aligned with the goals 
desired at societal level to achieve 
sustainability.  

So the third criterion is that the scenario 
method should link the planning periods 
applicable to companies (operational and 
strategic) to the long-term planning period 
(visionary) in order to enable companies to 

address long-term societal visions in their strategies and effectively implement these strategies in 
product development.  

      

From an organisational point of view, 
sustainability is ensured by adaptation to 
external forces through management of 
internal change. In addition, the 
organisational context will determine the 
success of any technical activity since the 
capacity, knowledge and capability to 
innovate is generated, assessed, developed 
and used within the organisational context. 
Organisational innovations should cover a 
longer time span than technological 
innovations in order to be able to influence 
technological innovations towards 
sustainability. Organisational innovations are 

planned at the company level and within the strategic period.  
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So the fourth criterion is that the scenario method should aid companies in identifying not only 
technology development requirements but also organisational/human development requirements. 

 

The implications of a normative sustainability 
vision needs to be integrated into day-to-day 
activities at product development level. This 
requires internalisation of sustainability into 
company strategy along with other business 
priorities. Since successful product 
development requires integration of all major 
business functions within a company and since 
company strategy needs to be referenced to 
future visions in order to guide product 
development towards system innovation, the 
scenario method should enable integration of 
business functions in line with the 
organisational/strategic plan. Therefore, 

construction and organisation of product development teams will play a very important role in any 
attempt for system level innovation to be successful. The organisational and technological barriers to 
integration of business functions need to be acknowledged along with possible facilitating 
mechanisms in developing a scenario method for the use of companies.  

So the fifth criterion is that the scenario method should aid companies in developing an integrated 
business strategy aligned with societal level sustainability visions and day-to-day product 
development activities and should facilitate integration of all business functions in line with the 
company strategy.  

 

Some of the previous projects in the context 
of system innovation developed forward 
flowing, predictive or explorative scenarios 
which started from the present and flowed 
towards an undetermined future. Some other 
projects developed backward flowing, 
normative scenarios, starting from 50 years in 
the future towards a never-reached present. 
Starting only from the future may result in not 
being able to acknowledge the lock-ins 
needing to be overcome and which are 
embedded in the present socio-technical 
system. On the contrary, starting from 
present and developing scenarios based on 

strict causality may limit multiplicity of paths or even the possibility of developing a path for periods 
longer than medium term.    

So the sixth criterion is that the scenario method should have a double-flow approach in order to link 
present and future in a realistic way and enable identification of alternative innovation paths which 
are possible from a technological point of view, acceptable from a social/cultural point of view and 
desirable from a sustainability point of view. 
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The seventh criterion is that the scenario 
method should have a layered risk approach 
in order to identify implications of 
overarching sustainability risks on the 
companies’ business to render sustainability 
risks relevant to the companies’ present 
businesses and to identify mitigation/ 
management measures as opportunities. This 
way, sustainability can be internalised in the 
companies’ organizational and product 
development strategy and active participation 
of companies in setting sustainability visions 
at societal level can be enabled.  

These seven criteria established the framework. Now I’ll briefly present the workshop outline.  

 

The workshop is designed to take place over 
either two full-days or four half-days even 
though it can take longer depending on how 
much detail the company would like to put 
into certain modules. Two days in total is the 
minimum time required to address all of the 
criteria set in the conceptual framework.   

First half consists of six main modules which 
can either be undertaken over a full-day or 
can be divided over two half days. Initially the 
group undertakes an exercise on systems 
thinking in production consumption context 
based on the strong sustainability model. This 

is followed by detailed analysis of implications of sustainability risks on company business and 
development of dynamic risk maps. Following development of risk maps, the concept of social 
function is introduced to the group and the group identifies the social function their particular 
product or service is meeting currently.  

 

After identification of social function, the 
group develops forward flowing, explorative 
scenarios. These scenarios start from the 
present and flow towards the future. On a 
step by step basis these scenarios identify 
how should the product evolve and how 
should the user behaviour change to fulfil the 
social function to mitigate the risks to 
business. Next module is generating backward 
flowing, normative scenarios starting from the 
future. In this module the group is introduced 
to generic visions of a sustainable society. 
These generic visions are also suggestive of 
current or future markets. The group 

develops risk mitigating technology visions through backcasting for each of or the selected generic 
sustainable society visions. If the group is large enough to be divided into two sub-groups, these two 
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modules can be run at the same time each group working on one of the modules and sharing their 
scenarios in the end.  

 

The second half of the workshop has three 
main modules which can either be 
undertaken over a full-day or divided into two 
half days. In the first module, the explorative, 
forward flowing and normative, backward 
flowing scenarios are aligned in the middle. 
This way multiple alternative innovation paths 
are identified and some product concepts 
that the product development can start to 
develop may be generated. This module is 
followed by a short module in which a 
stakeholder map is developed considering the 
supply and power relationships. The 
stakeholders are mapped on the scenario 

map where they can be of most influence. This module is followed by the final module in which a 
strategy or an action plan is developed. In this module, the group engages in dialogue to make 
decisions and develop an outline strategy. The issues which can be discussed cover research 
investment, capacity development, stakeholder engagement, development of new core capacity, or 
gradual liquidation of the business.   
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APPENDIX III: 

QUESTIONNAIRES GIVEN TO THE RESEARCH PARTICIPANTS 

A. Evaluation questionnaire given to group participants 

1. Which one of the below job titles describe your role in your company best? Please choose one. 

 Design Engineer 

 Product (Industrial) Designer 

 Business Strategist 

 Marketing Specialist 

 Environmental/Sustainability Manager 

 Other (please indicate).............................. 
 
2. In an overall assessment, do you think the scenario method can aid product development teams 

to incorporate sustainability issues into their decision making in an effective way?  

 Yes 

 No 

 Don’t know 
 
3. In an overall assessment, do you think the scenario method can influence the business 

transformation which needs to take place as part of the societal transformation to achieve 
sustainability?  

 Yes 

 No 

 Don’t know 
  
4. Have you ever been to any futures workshop before?   

 Yes (Where and when was this workshop? What was the specific aim of this workshop? 
Who/Which organisation did offer the workshop? Please answer briefly to the space 
provided below for each of the futures workshops you have attended) 

 No 
 
5. In an overall assessment, do you think the activity was worthwhile for the company?  

 Yes 

 No 

 Don’t know 
 
6. What did you think was the best, most useful, or most interesting part of the workshop - and 

why? 
 
7. What did you think was the worst, least useful, or least interesting part - and why? 
 
8. How do you think the process could have been improved? 
 
9. Are there any other comments you would like to make? 
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B. Evaluation questionnaire given to individual workshop participants 
 
Profession:  
 
Job Title:  
 
1. In an overall assessment, do you think the scenario method can aid product development teams 

to incorporate sustainability issues into their decision making in an effective way?  

 Yes 

 No 

 Don’t know 
 
2. In an overall assessment, do you think the scenario method can influence the business 

transformation which needs to take place as part of the societal transformation to achieve 
sustainability?  

 Yes 

 No 

 Don’t know 
 
3. Have you ever been to any futures workshop before?   

 Yes (Where and when was this workshop? What was the specific aim of this workshop? 
Who/Which organisation did offer the workshop? Please answer briefly to the space provided 
below for each of the futures workshops you have attended) 

 No 
 
4. What do you think is the best, most useful, or most interesting part of the scenario method - 

and why? 
 
5. What do you think is the worst, least useful, or least interesting part - and why? 
 
6. How do you think the process could have been improved? 
 
7. Are there any other comments you would like to make? 
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C. Evaluation questionnaire given to consulted experts  
 
1. In an overall assessment, do you think the scenario method can aid product development teams 

to incorporate sustainability issues into their decision making in an effective way?  

 Yes 

 No 

 Don’t know 
 
1. In an overall assessment, do you think the scenario method can influence the business 

transformation which needs to take place as part of the societal transformation to achieve 
sustainability?  

 Yes 

 No 

 Don’t know 
 
1. What do you think is the best, most useful, or most interesting part of the scenario method - 

and why? 
 
5. What do you think is the worst, least useful, or least interesting part - and why? 
 
6. How do you think the process could have been improved? 
 
7. Are there any other comments you would like to make? 
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D. Questionnaire used to collect professional information from the consulted experts  
 
Name:  
Surname: 

Preferred Title:  Ms    Miss    Mrs    Mr    Dr 
 
 
1. Which organisation are you currently working for?  
 
2. What is your role in that organisation? 
 
3. How long have you been working in that organisation? 
 
4. Please briefly explain your work experience relevant to sustainability and innovation prior to 

working for this organisation. 
 
5. In which one(s) of the below areas do you see yourself as an expert and/or provide consultancy 

to businesses?  
 

 Engineering design (general) 

 Industrial design (general) 

 Design research (general) 

 Marketing (general) 

 Business strategy development (general) 

 Engineering design (sustainability specific) 

 Industrial design (sustainability specific) 

 Design research (sustainability specific) 

 Marketing (sustainability specific) 

 Business strategy development (sustainability specific) 

 Environmental management 

 Life cycle assessment of products 

 Business risk assessment 

 Futures studies 

 Group facilitation 

 Other (Please state:..................................................) 
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APPENDIX IV: 

DETAILED RESULTS OF ACTION RESEARCH CYCLES 

 

ARC 1 

Background 

This ARC saw a rapid maturation. Only one expert consultation was carried out during this cycle. At 

the end of this consultation both the conceptual framework and the workshop design was changed, 

therefore, the cycle was completed.  

Reflections/Insights 

The particular reflections which arose from this ARC were: 

1. The conceptual framework should explicitly demonstrate that the method was based on the 

strong sustainability model. In its initial version, there was no explicit reference in the 

conceptual framework to the sustainability model adopted in developing the scenario method; 

2. The method should enable product development teams to model themselves in the strong 

sustainability model, and; 

3. The potential application area might be larger than originally anticipated; i.e. could be used for 

service innovation in addition to product innovation and could be used by any type of 

organisation (i.e. governmental organisations, NGOs, hybrid organisations) which would like to 

align their day to day actions with the societal transformation which needs to take place for 

humanity to become sustainable.  

Changes/Improvements 

Based on the reflections and insights gathered from this ARC, the following changes/ improvements 

were brought to the scenario method:   

1. The conceptual framework was changed to explicitly demonstrate that the method is based on 

the strong sustainability model, and;  

2. The workshop design was changed to include a module (called ‘We are a system’) consisting a 

group process to enable the group to investigate the relationships between the environment, 

the society and the economy and, to build a world model based on the understanding gained by 
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the participants from this investigation and then to place their organisation in the world model 

they built considering the relationships that their organisation has with these elements. The 

output of the process was identified as successful if the group built a world model similar to the 

strong sustainability model and, was able to position their organisation on this model identifying 

its relationships with the environment, society and economy.  

ARC 2 

Background 

This ARC consisted of consulting one overseas and three local experts and holding a workshop with 

Case Study 1. This case study (following from the Reflection 3 of the previous ARC) provided the 

opportunity to try the scenario method with a service company. This ARC provided input mainly to 

improve the workshop design.   

Reflections/Insights    

The particular reflections which arose from this ARC were: 

1. List (2005) identified enabling reflection with efficient use of time as a design criterion which 

needs to be met by a futures inquiry process. He designed and executed his workshops as four 

half-day sessions which were several days apart from each other. He did not try a different 

schedule (e.g. two full-days instead of four half-days or running the sessions without several 

days in between) to compare the results of which with the four half-day version in terms of 

accommodating reflection. Consequently, it was not clear that a workshop design enabling 

reflection should necessarily be spread over four weeks or longer. During the preparatory period 

of this field work when companies were contacted to request their participation in this research, 

they saw that the man-hours to be allocated to the workshops as a big commitment on their 

behalf and, as an indirect but unjustified expense. This was especially the case for those 

companies which had not used futures inquiry methods in their business before and/or which 

did not have sustainability among the organisation’s strategic priorities. Therefore, it became 

obvious that if the scenario method was going to be used by change agents to initiate 

transformation in an organisation, it needed to happen with the least possible disturbance to 

the organisation. As a result, the initial workshop design favoured two full-days over four half-

days without any specifications on the quantity of days in between the sessions since, in real 

life, change agents will have to go with whatever is convenient for the organisation and 
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participants unless there is a lot of enthusiasm within the organisation and therefore co-

operation and commitment levels were high. Nevertheless, in the beginning of this ARC, two of 

the experts consulted highlighted that the process would be very challenging for businesses 

because it would force them to think radically differently than they were normally used to (i.e. 

work with new concepts and much longer planning periods), and therefore, the workshop 

participants might need a more reflective process than two full-days could accommodate; 

2. Some of the terms overlap with terms commonly used in businesses (e.g. vision) but with 

slightly different meanings or scope. Some other terms are unfamiliar to businesses (e.g. social 

function). Therefore the terminology used might confuse participants and some clarification was 

required;  

3. The module ‘We are a system’ which was added to the workshop process as a result of ARC I, 

worked successfully. When participants were given the instructions and three circles, even 

though all of them were familiar with the TBL approach, none of them came up with the weak 

sustainability model which is the basis of the TBL approach (for the detailed discussion on 

models of sustainability see Chapter 2, Section 2.2). All of the participants suggested models 

which indicated some interrelationships between the three components even though initially 

none of those models explicitly showed hierarchical dependencies. One participant drew a 

model similar to the strong sustainability model at his first attempt and, as soon as he explained 

his reasoning, all of the other participants aligned with his thinking. The experience of this group 

(later the other two groups also developed similar world models) was an indication that the 

weak sustainability model cannot be naturally conceptualised as a result of a logical process 

aiming to understand the relationships between the environment, society and economy. 

Following the initial model of three concentric circles, the group developed this model to a more 

dynamic one within which economy is defined as a connector between the environment and the 

society and engaged in discussion about the interactions between their organisation and the 

system elements. For the model developed by this group see Figure A 1; 

4. The risks module achieved its aim of making the participants understand the dynamic 

interrelationships between risks to sustainability of the society and the implications of those 

risks on their business. However, the risks identified by the participants diverged from what was 

expected. The risks the participants identified were mainly related to human behaviour (such as 

‘greed’) and not many risks were identified in relation to the physical limits of the Earth. 

‘Approaching  tipping points’ was identified as a risk which indicated that the participants had a 

certain level of awareness regarding physical limits, but according to them, those risks resulted 

from human behaviour and therefore they were not the core issues needing to be focused on. 
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Reflecting on the facts that this company was a very small company in the service industry with 

not much material input and output, and that their business revolved around interpersonal and 

group dynamics, the participants’ focusing more on the risks related to human behaviour rather 

than risks associated with physical limits of the Earth is understandable. The focus on 

behavioural change in this group also echoes the spectrum of different approaches to achieving 

sustainability which is discussed in Chapter 3, Section 3.2. These different approaches range 

between the two extremes of behaviour-oriented and technology-oriented approaches, each of 

which represents a different worldview. Therefore, as a result of the core of their business and 

the worldview shared by the participants, this group did not articulate the sustainability risks 

associated with the physical limits of the Earth. If during the risk identification phase, the 

worldview of a group only enables articulation of certain type risks (e.g. only social or only 

environmental) then this may result in overlooking some risks that may have potential 

implications for an organisation’s business or some potential niches that an organisation can fill;   

5. The identification of the social function being met by the organisation and its products/services 

and visioning of a sustainable society as part of the forward scenario development module 

confused participants. Identification of social function and visioning processes being part of the 

forward scenario development module also deemphasised the importance of the social function 

and the vision for the entire process. However, the participants developed a vision of a 

sustainable society within which the risks they identified in the previous session would be 

mitigated/managed. They envisioned the possible new roles their organisation could fulfil in this 

(sustainable) society and how the identified social function would be met. The vision 

development required more time than anticipated; 

6. Identification of social function was successful but the group needed more explanation on the 

meaning of social function than was provided. The concept made a lot of sense to the 

participants once they understood it, however; identifying a social function required a longer 

discussion than expected;  

7. The development of forward scenarios was successful and the participants found it easy to 

develop the event trees;  

8. The group had difficulty in developing backward scenarios. The participants seemed to have lost 

the track of time-frames in the backward scenario development process. In the second day of 

scenario development, the references to long term started to disappear until an intervention 

was made to bring the group back on track. In an earlier conversation, List pointed to the 

difficulty experienced by participants in thinking backwards. According to his experience, it was 

much easier for the participants to think chronologically and as a result he developed the event-
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tree approach to identify events, the influences leading to them and the consequences resulting 

from them (D. List, personal communication, July 7, 2007). A backcasting expert stated that 

coming up with a backcasting narrative, even though possible in theory, was very challenging to 

achieve in real life (J. Quist, personal communication, November 3, 2009). The event-tree 

approach had been adopted for the scenario development process of the workshop design (for 

details see Chapter 7, Section 7.3), and therefore the difficulty experienced by the participants 

in this ARC did not rise from a difficulty inherent to the challenge of generating a backcasting 

narrative. The participants’ feedback indicated a need to refer to and review the vision 

frequently at the beginning of each scenario development module and especially at the 

beginning of each day. The opinion of the above-mentioned backcasting expert was supportive 

of the participant feedback on the need to refer to the vision frequently. He stated that the 

success of the backcasting experiments was determined by the normative vision generated (J. 

Quist, personal communication, November 3, 2009);   

9. There was no need for a separate alignment module since alignment emerged naturally as 

forward and backward scenarios were being developed;  

10. The action plan module was successful. The participants generated several actions to take the 

week following the workshop and allocation of responsibility was done through volunteering. 

The group also generated actions to take within a year and identified responsibilities to follow-

up;  

11. Since there was no need for a separate module for alignment of the scenarios, the action plan 

module happened to be the module in which the group mapped the layer of product/service 

innovations on the scenario map. The ideas put forward for new products/services were 

generated earlier by the company and no new product/service ideas were generated in this 

session. There might be two reasons for this: either the company had already put a lot of 

thinking in new product/service innovations they could introduce so could not think of any more 

ideas or the process was not supportive of generating new ideas for new product/service 

concepts;  

12. For the same reason that there was no need for a separate module for alignment of scenarios, 

the action plan module also happened to be the module within which a stakeholder map was 

prepared and the stakeholders were placed on the scenario map where they might have 

influence in the realisation of certain anticipated events (e.g. introduction of a new 

product/service, an organisational change program, etc.). The preparation of the stakeholder 

map worked well, however; in longer periods of the scenario map, rather than referring to 

present stakeholders individually, group names were found to be more appropriate by the 
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participants to leave room for new stakeholders to emerge. Referring to the present 

stakeholders individually was found very useful in the near-future part of the map since these 

stakeholders were seen crucial for the company to collaborate in breaking certain lock-ins and 

to open the identified innovation paths. The participants found it difficult to directly map the 

stakeholders on the map since this activity required both thinking about the stakeholders and 

their position on the map. More time was needed to develop the stakeholder map and place the 

stakeholders on the scenario map than expected; 

13. Even though the workshop as an overall exercise worked well, as a result of the small number of 

participants the scenario development modules required longer time than allocated in order to 

be able to produce a sufficient quantity of event trees, and; 

14. Following from Reflection 3 of ARC 1, in this cycle the method was tested using a service 

company as a case study. No evidence was encountered to disprove that the method could be 

used for service innovation. Since originally the method used the concept of social function to 

break mental models based on the characteristics of present products and services, and since a 

function can be met by a service as well as a product no specific changes were identified to be 

necessary to render the method applicable by service companies.                   

Changes/Improvements   

Based on the reflections and insights gathered from this ARC, the following changes/improvements 

were brought to the scenario method:  

1. In order to accommodate a more reflective process for the participants, a four half-day 

workshop agenda was developed as an option in addition to the two full-day agenda. The four 

half-day version was tested in this cycle (ARC 2). Overall, the process worked well, however; 

since the scenario development modules require a long time frame, the backward scenario 

development session was cut in the middle to complete in the next half-day session. This might 

have contributed to the group’s losing the track between the vision and the scenarios in the 

backward scenario development module. Since each of the modules in the workshop requires a 

considerable amount of time, in the four half-day version of the workshop, there might be a 

requirement to cut a module in the middle and complete it in the next meeting. It was obvious 

that there was a trade-off between accommodating a more reflective process and running the 

process in a non-fragmented way. Therefore, it could not be concluded that the four half-day 

version was better than the two half-day version of the workshop but it was an option provided 

that the modules in a day will not remain incomplete and a vision check-in is run frequently; 
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2. In order to address the issues highlighted above under Reflection 2 (confusion regarding the use 

of similar terms with businesses with slightly different meaning/scope) and Reflection 6 

(confusion about what social function meant) a brief presentation session was added to the 

‘Introduction’ module of the workshop. This presentation should clarify the terminology and 

concepts used by the method. It should explain what vision and social function means as they 

are used in the scenario method and provide examples of social function to clarify the concept. 

This presentation should be easy to understand by the participants and easy to present by the 

facilitator;  

3. In order to make sure that all sustainability risks relevant to the company’s business were 

considered, a generic risk list of sustainability risks can be used as a reference by the facilitator. 

After the group prepares a list of risks to sustainability, the facilitator can compare the list 

prepared by the group to the reference list. If he/she identifies a sustainability risk potentially 

relevant to the business of the company is missed out he/she can suggest the group to include 

these risks. Also, if the company carried out LCA, environmental and/or social risk assessments, 

the outcome can be incorporated into this module. However, this will require some additional 

work during the preparation phase of the workshops to extract relevant information from these 

past studies and to effectively communicate it to the participants during the risks module;  

4. The workshop design and schedule was changed to include two previously implicit activities as 

two new modules before the scenario mapping process starts. The first of these modules was 

the social function module. In this module, the social function provided by the organisation 

through its products/services is identified and the current means of meeting this social function 

are articulated. The second module introduced was the visioning module. In this module the 

group develops a vision of a sustainable society and articulates the role of their organisation and 

how the social function they identified for their product/service is being met in this society;   

5. In order to address the issue related to product/service ideas highlighted under Reflection 11, a 

‘creativity’ process was included to first generate product/service ideas before mapping these 

on the scenario map. The generation and mapping of product/service ideas was identified as a 

separate module; 

6. In order to address the issue highlighted under Reflection 12, a brainstorming process was 

included to first identify stakeholders before mapping these on the stakeholder map. The 

identification of stakeholders, preparation of the stakeholder map and mapping of the 

stakeholders on the scenario map was identified as a separate module, and; 

7. In order to address the requirement of more time for small number of participants, two full-days 

were identified as the minimum time required for the workshop rather than the optimum time.    
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ARC 3 

Background 

This ARC consisted of one overseas and three local expert consultations. It provided input mainly in 

relation to the conceptual framework. During this cycle the scope of application of the scenario 

method was further clarified. 

Reflections/Insights 

The particular reflections which arose from this ARC were: 

1. The execution of both the backward and the forward scenario development modules required 

substantial time. The types of thinking required by these two activities were quite different; the 

process of forward (explorative) scenario development required participants to think logically 

following causal links between events, whereas, the backward (normative) scenario 

development required participants to think creatively and use their imagination. Participating in 

both of these modules might be exhausting for the participants. This possibility was supported 

by the previous workshop experience (in ARC 2) as well in which participants reported difficulty 

of keeping engaged with the process after extended timeframes; 

2. The expert consultations which took place in this ARC highlighted that the workshop process 

might not be readily adoptable by organisations which had not committed to achieving 

sustainability since the precondition was the will of the organisations to try the method. 

Therefore the method was not likely influence companies at all levels of 

awareness/commitment towards sustainability unless an internal change agent actively 

undertook the mission of convincing a group of people to participate in a workshop. Eventually, 

without the commitment of the upper management, change would not take place. However, the 

non-commitment at managerial level in the earlier phases of a change project did not 

necessarily determine the outcome as negative since the momentum to change might develop 

in the organisation and a group of pro-change people could later convince the managers. The 

scenario method could help a group of innovative people in an organisation in building a 

business case to present to the management. This emphasised the importance of initially 

targeting internal change agents for the adoption of the scenario method. Internal change 

agents can be anyone and anywhere in the organisation; they can be board members, CEOs, 

executives, managers but also any member of the staff (Dunphy et al., 2007).  Therefore, since 

the scenario method was originally planned to be used by a product development team in a 
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company, in order to transfer the knowledge of the scenario method to internal change agents, 

the workshop design should also be applicable in groups of individuals from different 

organisations, and; 

3. List (2005) identified inclusion of all stakeholder groups in the workshop among design criteria 

for futures inquiry methods (see Chapter 8, Table 2 under Section 8.3) which were adopted in 

designing the workshop for the scenario method developed in this research. The futures studies 

and system innovation literature provides supportive evidence for the benefits of participation 

of stakeholders in workshops (for detailed reviews of literature on stakeholder participation, see 

e.g., List, 2005; Quist, 2007). However, inclusion of external stakeholders in workshops at 

company level requires a carefully handled process since in these workshops commercially 

sensitive outcomes are generated. Also, managing participation of external stakeholders 

requires additional effort from the facilitator and probably more resources from the company. 

Therefore, participation of external stakeholders can be encouraged and recommended but not 

mandated for a workshop for a company as this might result in the company withdrawing from 

the undertaking.  

Changes/Improvements 

Based on the reflections and insights gathered from this ARC, the following changes/improvements 

were brought to the scenario method: 

1. The workshop design was changed to have a single scenario development module by combining 

the three modules associated to scenario development (i.e. forward flowing scenarios, 

backward flowing scenarios and alignment modules). In this single scenario development 

module, the group would be divided into two sub-groups. One of these sub-groups would 

develop backward flowing and the other sub-group would develop forwards flowing scenarios 

simultaneously. These two sub-groups would come back together towards the end of the 

module to share their scenarios with each other and to work together on alignment. During the 

group work, in order to enrich the discussion and to cross-fertilise both scenario flows, members 

of each group could be exchanged. Dividing the group into two cannot be done with small 

groups. The minimum number of participants in each sub-group should be three to enable 

fruitful discussion. This new design can help address the requirement of more time to develop 

visions and identify social function which was highlighted under Reflections 5 and 6 of ARC 2. 

The new design was tested in the following ARC (i.e. ARC 4); 

2. Following Reflection 2, a variation of the workshop design has been formulated to suit to a 

group of individuals coming from different organisations in order to transfer the knowledge of 
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the scenario method to potential internal change agents. This variation was tested in ARC 5 with 

the workshop Case Study 3, and; 

3. Since participation of external stakeholders was a criterion already adopted by the scenario 

method, no further changes were made in the conceptual framework or workshop design. 

However, in order to make sure that stakeholder participation would be considered by the 

companies which would potentially undertake the workshop, the a brief background about the 

benefits of stakeholder participation and a recommendation to include as many stakeholder 

groups as possible was included in the  Facilitator’s Guide (Appendix IV).    

ARC 4 

Background 

This ARC consisted of consulting one overseas and three local experts and a workshop with Case 

Study 2. The unique attributes of this case study was that it was a start-up company and it had 

sustainability at the core of its business/innovation strategy. This ARC provided input mainly in 

relation to the workshop design and helped to further clarify the scope of application of the scenario 

method.   

Reflections/Insights 

The particular reflections rose from this ARC were: 

1. The ‘We are a System’ module with the workshop group in this ARC lasted longer than the time 

allocated (which was sufficient in the previous workshop) and resulted in an unexpected 

outcome. This group as well came up with the strong sustainability model within the first five 

minutes of the session. However, when positioning their organisation on this model they started 

to think conceptually and came up with a very sophisticated model on the interactions taking 

place between their organisation and the environment, society and economy as well as on the 

mechanisms through which their business was improving the environment and society. The 

resulting model, deviated from the strong sustainability model in appearance (see Figure A 2), 

however; the model the group produced in the first five minutes and the discussions which took 

place during the entire module indicated that the group understood the hierarchical 

dependencies portrayed by the strong sustainability model. It was when the group was asked to 

place their organisation on the model, a model using three concentric circles was found to be 

limiting since the participants approached the task from a conceptual perspective rather than a 
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physical. The sophistication of the final model was probably because innovation for 

sustainability was the core business of the company and so the participants had already put a lot 

of thinking in the systemic relationships between their organisation and the environment, 

society and economy;            

2. The new design of combining all scenario modules and dividing the group into two sub-groups to 

run two parallel scenario development sessions (forward and backward) as decided in ARC 3 

worked effectively and saved time; 

3. The stakeholder model used to develop the stakeholder map did not work well. Because the 

company was a service company, the participants did not think the supply axis was very relevant 

to the direction of the company’s business. This indicates that the supply axis was interpreted as 

representing the supply of material goods into the company which then would only be highly 

relevant for manufacturing companies. Following clarification on the meaning of supply, i.e. 

stakeholders providing input to the company such as staff, confusion arose regarding the power 

axis. The participants had difficulty in placing the stakeholders they identified on a power axis. 

There could be two reasons for this. First, since the company was a start-up, the stakeholder 

relationships were not so clear and therefore placing them on a power axis was not easy. 

Second, since this company was a spin-off of a foundation and together they are part of a hybrid 

organisational model, the power relationships between stakeholders were too complicated to 

map linearly. Since the previous case study (Case Study 1) was also a service company but was 

able to develop the stakeholder map using the stakeholder model provided without any 

problems, the problems observed in this case study did not provide sufficient evidence that the 

stakeholder model used should be changed. Nevertheless, the observed problems hinted that in 

workshop groups in which there are difficulties in identifying and/or positioning the 

stakeholders, the supply/power structure of the stakeholder model may be unhelpful; 

4. Two senior participants of the workshop, in post-evaluation, commented that, even though 

interesting and useful, the time-frame was too long for business planning since it was hard to 

imagine what would happen in 50-plus years time. One of these participants stated that the 

process planted a lot of seeds in their heads in relation to the start-up company and it would be 

better if the resources (i.e. time and people) were not equally allocated to development of both 

scenario flows but more detailed work was done on the forward flow to explore short-term 

opportunities. He suggested using the long-term vision as an anchor and the backward scenarios 

as a compass to pull the explorative forward scenarios towards the vision. From a business 

planning perspective, allocating more resources in detailing the short-term opportunities makes 

a lot of sense. However, focusing on the long-term societal-level vision and the backward flow of 
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scenarios is indispensible in order to identify innovation paths linking present to future. Any 

changes to the scenario method should not compromise the long-term vision for a short-term 

opportunity otherwise the application of the scenario method will not provide anything other 

than business-as-usual scenarios, and;     

5. Neither the original workshop design had a process for evaluating product/service ideas nor did 

the improvements brought to the workshop design in the previous cycles include a process of 

evaluation for the product/service ideas generated by the group. The participants of the 

workshop in this cycle highlighted lack of an evaluation process as an issue and suggested 

improvement of the workshop design through inclusion of one. Even though the merit of 

carrying out an evaluation of product/service ideas was obvious in following decision making 

regarding directing research and development activities, capacity development, investment etc., 

the aim of this scenario method is to identify as many innovation paths as possible between 

present and a sustainable future in order to increase adaptability of the organisation to possible 

emergences along the way while ensuring that the path being followed is directed towards 

sustainability. Evaluating and selecting product/service ideas anticipated to be developed in the 

near future of the scenario map makes sense from a business planning perspective. However, it 

should be noted that if the ideas for products/services mapped on longer terms of the scenario 

map were evaluated and selected at this stage the process might result in a premature closing of 

an innovation path just because an idea was not found feasible/desirable at the time of the 

scenario development.  

 Changes/Improvements 

Based on the reflections and insights gathered from this ARC, the following changes/improvements 

were brought into the scenario method:   

1. Following from Reflection 1, the expected outcome of the ‘We are a System’ module has 

changed from a model strictly portraying three concentric circles to one which demonstrates an 

understanding of the hierarchical relationships and interdependencies between the 

environment, society and economy. The resulting model which was developed by positioning 

the company on the sustainability model should articulate the relationships and influence 

mechanisms between the organisation and the three components as in the previous version of 

this module; 

2. Referring to Reflection 3, in cases where there are difficulties in identifying the stakeholders, the 

Stakeholders module can be skipped. In cases where there are difficulties in positioning the 

stakeholders on the two-axis model, the stakeholder list produced as a result of the initial 
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brainstorming can be used. As the details become more evident, the company can incorporate 

these on the scenario map during follow-up reviews, and; 

3. Following Reflection 5, a process to evaluate ideas was incorporated in the Products/Services 

module of the workshop design. This process was not seen as an essential element for the 

scenario method; therefore, it was identified as optional and could be used in groups which 

chose to undertake such evaluation. The process would only focus on the evaluation of short-

term ideas in order not to jeopardise premature dismissal of product/service ideas for the 

longer term. Also, this process should not involve deletion of any of the ideas from the scenario 

map even if they were voted off during the evaluation as these ideas might prove useful later.              

ARC 5 

Background 

This ARC consisted of one workshop with Case Study 3. Following from Reflection 2 of ARC 3, this 

case study enabled testing and improving of the scenario method in relation to its applicability to a 

group of individuals coming from different organisations. Since this was a group consisting of 

unrelated individuals worked on a fictitious company, the stakeholder and action plan modules were 

not held but the group was briefed about how to run these two modules. This ARC provided input 

mainly for the workshop design.  

Reflections/Insights 

The particular reflections rose from this ARC were: 

1. The ‘We are a system’ module was successful in this workshop as well. Similar to the previous 

two case studies, the group came up with the strong sustainability model. This case study built 

on the outcome of ‘We are a System’ module of Case Study 2 and provided evidence that strictly 

expecting a model of three concentric circles to demonstrate an understanding of systemic and 

hierarchical relationships would limit the participants. The world model created by this group 

eventually demonstrated an understanding that some socio-technical contexts have more 

impact on the environment while some others have less or no impact (Figure A 3). As an 

unexpected outcome, this was the only case study where participants pointed to the difference 

between the impact of the developing and developed country contexts on the environment. In 

further discussion about the model they developed, the participants referred to their country 

context (i.e. Turkey) as an example to argue that, even if the strong sustainability model 
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suggests the environment to be a priority, before addressing more urgent issues (of social 

nature like poverty, unemployment etc.) there would not be a possibility of addressing 

environmental problems. This reasoning can be used to explain why this particular group came 

up with a model considering different contexts; simply because social issues are on the daily 

agenda of these people and so they are sensitised to the fact that Turkey is a developing 

country;   

2. In the risks module, the group identified several risks threatening the sustainability of society 

and nothing important or highly relevant was missed out. In the identification of risks to 

business, initially the group argued that there was a conflict between the societal good and the 

company good since, for example, when overconsumption is a risk for the sustainability of 

society, it meant increased profit for the company. This was an unexpected outcome since the 

participants demonstrated understanding of systemic relationships between their company and 

the environment, society and economy through the world model they developed in the ‘We are 

a system’ module. Perception of conflict between the societal good and company good despite 

the demonstrated understanding of systemic relationships indicated the lack of thinking in the 

context of time and that the focus of the group was on the short term. As an intervention, the 

group was reminded of the outcome of the ‘We are a System’ module and asked to reflect on 

longer-term implications of overconsumption. Following this intervention, the participants 

concluded that without the consideration of the longer term, there was a conflict between the 

societal good and the company good. Consideration of longer term put the outcome of the ‘We 

are a System’ module in perspective and joint consideration of the world model with the risks 

identified as threatening the sustainability of society enabled the group to understand the risks 

to society were also risks to the company;  

3. With this group, the social function module was quite challenging. Initially, the participants had 

difficulty in thinking conceptually in relation to the social function of educational toys. Then, the 

participants had problems with identifying a social function everybody agreed upon. The session 

lasted twice as long as expected and as experienced with the two previous groups but a 

tentative social function was finally identified. In questioning whether the group was clear about 

what is meant by social function of a product, the responses showed the problem was not 

because the participants were not clear about the meaning of social function. Therefore, the 

problem arose probably because the group was not a real team and was working on a fictitious 

company/product scenario so the participants’ responses were not based on real life experience 

with the company/product and they did not have any real connection to the scenario from their 

previous experiences either (i.e. none of the participants worked for a company designing and 
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manufacturing toys). As a result, all of the ideas were being generated during the workshop, 

making the process slower and cumbersome. A similar observation was made during the 

visioning session and supported this reasoning; 

4. In the visioning module, societal level visions mitigating the risks identified as threats to the 

sustainability of society were developed by the participants with no difficulty. However, 

generation of visions regarding how the social function is being met in that society had been 

challenging. The group again had difficulty in thinking conceptually, this time even more so, 

since they had to imagine how the social function (which they had difficulty in identifying) was 

being met in the long term. The group was constantly developing product/service ideas before 

articulating how the social function was being met within that society. This would not 

necessarily be an issue if the group could come up with breakthrough ideas but none of the 

product/service ideas proposed could be classified as innovative; they were variations of 

currently existing educational toys. The tendency to generate product/service ideas might be a 

result of the participants’ professional and academic background (i.e. industrial product design). 

However, not being able to envision how the social function was being met in the societal vision 

the group developed recalls the experience of the social function module and may be related to 

a combination of reasons in addition the participants’ background in industrial product design. 

One of the reasons might be the low professional experience in the group. As stated previously, 

only three of the participants were practicing industrial designers and none of them were in a 

senior position. In support of this argument, three of the participants highlighted their lack of 

industrial experience as a potential reason for struggling with conceptualising social function 

and developing a vision for it in the long term. Another reason was because the fictitious 

company and product scenario were identified without consultation with the participants. One 

participant raised this as an issue and suggested consulting with the group in formulating a 

fictitious company scenario. A third reason might be directly related to the fictitious company 

and product scenario. It is possible that, using a very specific product scenario not only giving 

the type of the product (i.e. toy) but also detailing the material, aim and age group that product 

was being designed/manufactured (i.e. plastic, educational toy for primary school children), 

limited the group’s imagination; 

5. The scenario development session worked without any problems. This was the only case study 

in which alignment of two flows occurred easily. The two sub-groups identified the same events 

in the middle of the map. This was supporting evidence that cross-fertilisation between sub-

groups by exchanging members throughout the process fulfilled its aim. This group mapped 
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product/service ideas on the scenario map as it emerged (most of these ideas were produced 

already during the visioning module), and; 

6. Even though the scenario development module was successful, the product/service ideas 

generated were not path breaking. In manufacturing companies, defining the social function 

based on the current product(s) the company is producing might be counterproductive for two 

reasons. First, as experienced in Case Study 3, for a very specific product participants might find 

it hard to formulate a social function which will remain unchanged in the long term (In Chapter 6 

under Section 6.5 it was concluded that system innovation from the perspective of product 

development was providing the same social function in the future through a combination of 

innovations both at the technological and at the social sphere). Second, the social function of a 

product might be useful in developing forward flowing explorative scenarios to start thinking at 

the conceptual level and generate innovation ideas based on the current product and 

technologies. But, when developing backward flowing scenarios, the more effective approach 

might be focusing on the societal vision of sustainability and the core competencies of the 

company to generate innovation ideas which use opportunities which are likely to rise on the 

way to achieve sustainability since future opportunities may be completely different from the 

activities the company conducts currently (J. McLaren, personal communication, November 30, 

2009). This way the innovation paths can be directed towards fulfilling societal needs.       

Changes/Improvements 

Based on the reflections and insights gathered from this ARC, the following changes/improvements 

were brought to the scenario method:  

1. While working with a group of unrelated individuals (potential change agents from different 

organisations) the participants should be involved in determining the company scenario. One 

way of involving participants in determining the company scenario they would work on could be 

preparation of some options in line with the professional backgrounds of the participants. The 

information on the professional background of the participants could easily be collected during 

the preparatory phase of the workshop. Once some company scenarios relevant to the 

professional backgrounds of the participants were identified, the participants might be 

requested to put these options in order of preference. The most commonly preferred option 

would be selected as the scenario to be worked on; 

2. In order to maintain the link between ‘We are a System’ module and the risks module, the risks 

identified by participants can be placed on the world model they developed during the risks 

module, and; 
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3. Following from Reflection 6, in the scenario method, the emphasis on the social function in the 

scenario development module was changed to use the social function during the development 

of explorative scenarios in order to exploit the emerging opportunities. In developing the 

backward flowing scenarios, the focus would be on achieving the societal level vision of 

sustainability and core competencies of the company. The workshop design was changed 

accordingly, however, only to affect the manufacturing companies utilising the scenario method 

since, with service companies, social function proved to be conceptual enough and worked 

equally successfully in development of both forward and backward flowing scenarios. 
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APPENDIX V: 

THE FACILITATOR’S GUIDE 
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APPENDIX VI: 

DETAILED RESULTS OF THE EVALUATION OF THE SCENARIO METHOD 
 

Evaluation of the Scenario Method against Effectiveness Criteria for Futures Work 

Case Study 1 

Table A 1. Evaluation of the effectiveness of the scenario method for Case Study 1 

Criterion Evaluation 

1.  

The purpose of the workshop was communicated to all participants via e-mails during 
preparation phase and the purpose was hung on a wall during the workshop. Since this 
group was familiar with the research, there was no need to explain the two intertwined 
purposes related to the workshop, one related to the research and the other their entity, 
in detail. The participants were clear about the purpose of the workshop from the 
beginning.  

2.  

This group of participants welcomed the challenges to their initial assumptions and 
showed no resistance.  One potential reason might be the type of work they are involved 
in (i.e. group facilitation) which involves implementing processes or doing interventions 
to open up new possibilities for the groups. Even though the process did not challenge 
this group, during the workshop the participants were able to deepen their 
understanding about the future of their entity and how it relates to the rest of the socio-
technical system. This group found articulating their social function and conditions of 
their entity to exist in a sustainable society particularly eye-opening. Since they are a 
service providing company, they did not pay too much attention to the sustainability 
related practices of their suppliers since they purchase a minimal amount of materials 
mainly to run their office (i.e. water, stationery, power, food, etc.). However, during the 
workshop, even though minimal for the company’s sustainability related performance, 
they realised that auditing their suppliers and demanding certain standards to be met 
could bring improvements beyond and above their company since once the suppliers 
come across such demands, they will start to change their behaviour and also start 
negotiating terms with their own suppliers etc. Therefore, the workshop enabled the 
company to gain a more systemic understanding about their impact and influence.           

3.  
Yes. All of the paths leading towards and backwards from the developed vision were 
investigated to the extent of the maximum time allocated for developing the scenario 
map.   

4.  

This group prepared a very detailed stakeholder map identifying 48 stakeholders under 
12 stakeholder categories covering all impinging systems. In the workshop only managers, 
employees and associates were represented. The high-power and/or high-influence 
stakeholder groups not represented in the workshop were regulators, peers/competitors 
and clients. Therefore, this criterion was only partially fulfilled.  

5.  
Yes, the anticipations were expressed specifically enough that they can be tracked. All 
events in the event trees are stated clearly so that in a follow-up meeting there would not 
be confusion on what a specific event tree was about.  

6.  
All of the participants thought that in an overall assessment the activity was worthwhile 
for the company. All four of the participants attended the entire process. Besides 
recommendations on possible improvements that can be brought to the scenario 
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method, no negative comments were made demonstrating dissatisfaction.   

7.  

The participants stated that through articulating their social function and the conditions 
which need to be met for the company to still exist in a sustainable society, they were 
able to identify paths that the company can take towards achieving their desired future. 
One participants stated that, even though she was a big picture thinker and so the initial 
modules were the most enjoyable for her because they were about developing desirable 
future visions, the following modules were very useful to help addressing the specific 
steps which need to be taken to arrive at that future.  

8.  

As far as the empowerment of furthering the work is considered, this group covered 
major decision makers in the company so they were already empowered. They were very 
satisfied with the action plan. As far as the empowerment of the company to move 
towards system level innovation for sustainability is considered, the participants found 
articulating how their social function can be met in a sustainable society very 
empowering since it provided the basis for developing the innovation paths.  

9.  
Yes. The company is already using the outcome of the workshop in their strategic 
planning for the future and introducing new services and improving the existing ones.  

Case Study2 

Table A 2. Evaluation of the effectiveness of the scenario method for Case Study 2 

Criterion Evaluation 

1.  

The purpose of the workshop was communicated to all participants via e-mails during 
preparation phase and the purpose was hung on a wall during the workshop. During the 
preparation phase, the purpose of holding a workshop for the researcher (i.e. to test and 
improve the scenario method developed) and the purpose of the workshop for the group 
(to identify alternative innovation paths for [The Entity] towards system level innovation 
for sustainability) were clarified. None of the participants reported any confusion on the 
purpose of the workshop. 

2.  

The participants in this group saw themselves as pioneers in innovation for sustainability. 
Since achieving a sustainable society was the core vision guiding the activities of the 
foundation mothering this new enterprise, the participants were very clued-up about 
sustainability risks and have been exploiting the niches rising as innovation opportunities 
to mitigate/manage these risks since the establishment of the foundation. Therefore, 
similar to Case Study 1, this group did not demonstrate resistance against challenges to 
their initial assumptions. This group found positioning the company and articulating the 
social function within the broader system covering the environment, society and the 
economy very mind-opening. Their initial (mental) model of how the company improves 
the sustainability of the broader system was challenged during the workshop and the 
group developed a new (visual) model articulating the sub-systems and mechanisms the 
company was using to intervene in the broader system and influence change towards 
sustainability. Another aspect of the scenario method, i.e. the long-term focus, was found 
to be bringing a new filter to see their company through even though the senior 
participants thought the length of the period considered too long for business planning.  

3.  

Yes, all of the paths leading towards and backwards from the developed vision were 
investigated to the extent of the maximum time allocated for developing the scenario 
map.  However, the participants in their feedback complained about not evaluating the 
paths and products/services in terms of their feasibility.    

4.  
This group identified 46 stakeholders, and later reported later that this covered only a 
portion of the stakeholders. Since the time during this module was spent on discussion 
about whether the power-supply axes of the stakeholder map apply to the company or 
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not and the general consensus was that the stakeholder model did not really make sense 
for their case and also probably because this was a start-up company so there were a lot 
of uncertainties about the possible stakeholders resulted in an incomplete stakeholder 
list. Even though the list was incomplete, the general stakeholder categories –even 
though not explicitly- were identified on the map. The stakeholders represented in the 
workshop were managers, employees, volunteers and associates and the high-power 
and/or high-influence stakeholder groups which were not represented were regulators, 
clients, peers/competitors, and funders/investors. Therefore, for this group as well, it can 
be concluded that this criterion was only partially fulfilled.  

5.  
Yes, the anticipations were expressed specifically enough that they can be tracked. All 
events in the event trees are stated clearly so that in a follow-up meeting there would not 
be confusion on what a specific event tree was about. 

6.  

In total 12 people participated in different parts of the workshop. At all times there were 
eight to ten people present and six of the people have been through the entire process. 
The reason of discontinuity was the other commitments they had. The people who could 
only partially participated to the workshop were also given evaluation questionnaires to 
complete for the parts they participated in. None of these participants stated any 
dissatisfaction. All six of the participants who were present during the entire workshop 
stated that in an overall assessment the activity was worthwhile for the company. Besides 
recommendations on possible improvements that can be brought to the scenario 
method, no negative comments were made demonstrating dissatisfaction. At a later 
meeting with the senior employee who coordinated and organised the workshop, he 
stated that the process planted a lot of seeds in their minds about the start-up and the 
outcome of it gave them a basis to direct opportunities.   

7.  

The participants, especially junior ones enjoyed the challenge of trying to align backward 
and forward flows to realise the vision they developed. Two senior participants found the 
timeframe too long. One of them stated that it was useful to think in the long term but he 
suggested that it would be better if the two flows were not forced to align. He did not 
understand why specifically aiming for alignment was necessary. Therefore with this 
group, this criterion was only partially met.  

8.  

The company, having innovation for sustainability as its core business, was empowered to 
carry the work forward. One observation, although not checked with the participants 
involved, was that the process empowered employees to stand up against the 
management to demand for a clear plan about the start-up. The employees put a lot of 
emphasis on this issue during the preparation of the action plan. The more junior 
participants, even though not highly influential in the decisions taken in relation to the 
company, stated that they were inspired and stimulated to carry their own relevant work 
forward regardless of whether they would still be working with this company in the future 
or not.  

9.  

Yes. The use of the outcome for this company is two-fold. First, the outcome of the 
workshop is currently providing input to the establishment of the start-up and developing 
its business strategy. Second, the (improved) process itself is a tool that the company is 
considering to use in its projects.   

Case Study 3 

Table A 3. Evaluation of the effectiveness of the scenario method for Case Study 3 

Criterion Evaluation 

1.  
The purpose of the workshop was communicated to all participants via e-mails during 
preparation phase and the purpose was hung on a wall during the workshop. During the 
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preparation phase, the purpose of holding a workshop for the researcher (i.e. to test and 
improve the scenario method developed) and the purpose of the workshop for the group 
(to identify alternative innovation paths for [The Entity] towards system level innovation 
for sustainability) were clarified. None of the participants reported any confusion on the 
purpose of the workshop. 

2.  

Even though this criterion is not applicable to this case study considering the company 
level (since there is no real company) at the level of the individual participants, the 
process definitely challenged the initial assumptions of the participants on how an entity 
relates to the broader socio-technical system in achieving a sustainable society. The 
participants in this group were used to think at product/service level and assumed that 
sustainability can be measured at the level of individual products/services. They reported 
that they never thought about the (upper-level) systems (i.e. the business, the industry 
and the socio-technical system in general) the products/services were part of and that it 
was very eye-opening to see the connections.   

3.  
Yes, all of the paths leading towards and backwards from the developed vision were 
investigated to the extent of the maximum time allocated for developing the scenario 
map.   

4.  
This criterion was not applicable. Since the company was a hypothetical one the 
stakeholder module was not held with this group. 

5.  
Yes, the anticipations were expressed specifically enough that they can be tracked. All 
events in the event trees are stated clearly so that in a follow-up meeting there would not 
be confusion on what a specific event tree was about. 

6.  

In this case study assessing whether the process was worthwhile for the company was 
not relevant since the company was a hypothetical one. However, the participants 
seemed to be satisfied with the process. All of the participants except one attended the 
entire workshop and the one who could not attend the second day for due to another 
commitment came back to be briefed about the outcome and attended the presentation 
made by the group at the end of the workshop to the Faculty (the workshop took place at 
the Architecture Faculty of Middle East Technical University and promoted among the 
30th Anniversary of the establishment of the Industrial Design Department). None except 
one of the participants expressed dissatisfaction. One participant, even though stated 
that she found the workshop interesting and mind opening, was not sure why she was 
invited to participate even though she expressed interest in participating when the event 
was announced initially. She stated that she was a product designer and the process did 
not make sense to her since the outcome is not a design of a product and that she was 
expecting to develop story boards for product/service scenarios.  It was obvious there 
was a language problem resulting from many different meanings of the word scenario. So 
probably her dissatisfaction was more related to her having totally different expectations 
than what was (tried to be) communicated during the preparation phase.   

7.  

Because alignment in this case study occurred so naturally, the participants reported that 
the process helped them to understand how a vision in the long term can be realised 
even though in the beginning of the process they thought the vision was very far-fetched 
and almost ‘Flash Gordon’. Therefore with this case study this criterion was totally 
fulfilled.   

8.  

In this case study, since the group consisted of randomly gathered individuals, a group 
empowerment was not relevant. However, the participants stated that the process 
enabled them to carry their thinking about sustainability from being a system criticism to 
something that they actually can do something about. Two of the participants explicitly 
stated that they would like to introduce this method to the company they were/will be 
working for to initiate some change in the company towards considering sustainability.  

9.  This criterion is not applicable to this case study since the company was a hypothetical 
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one. However, the participants stated that they could use the process in the future.  

Evaluation of the Potential of the Scenario Method to Aid in Achieving System Innovation for 
Sustainability 

Criterion 1: Have the participants understood the hierarchical irreversible relationships between 
the environment, society and economy and between their organisation and these three sub-
systems?  

Figure A 1 shows a reproduction of the models developed by the participants of the Case Study 1. As 

seen, the group generated a model very similar, yet more sophisticated, than the strong 

sustainability model. The participants replaced the given word ‘environment’ with the word ‘earth’ 

as the possible alternative meanings of the former confused them and by using the word ‘earth’ they 

differentiated between the built environment which was covered in the society circle and the natural 

environment which was represented by the earth circle. The dashed lines represented the dynamism 

in the entire system illustrating that neither the meta-system nor the subsystems were static; rather 

they were continuously changing and interacting with each other. The world model and the 

discussions clearly demonstrated that the group understood the hierarchical, irreversible 

relationships between the environment, society and economy.        

 
Figure A 1. The models developed by Case Study 1 in the ‘We are a System’ module 

In the second half of the module, the group positioned their organisation in a way to cross-cut all 

three sub-systems. The participants identified interactions and exchanges taking place between their 

organisation and the three sub-systems. For this group, the majority of the interactions were taking 
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place between the organisation and the society. Since the organisation was a small-scale service-

providing company, there were not many interactions identified by the participants taking place 

between the organisation and the environment. However, the interactions identified by the group 

constituted a complete list. 

Figure A 2 shows a reproduction of the models developed by the participants of the Case Study 2. 

The world model the group generated was identical to the strong sustainability model. The 

participants developed the model on the left in the first five minutes of the module and, in the rest of 

the time they developed the organisational model shown on the right. In developing the 

organisational model, their starting point was the world model. However, the world model limited 

them in terms of space and did not provide a structure which enabled them to explain their 

understanding of how the organisation related to the three sub-systems. Therefore, the group 

deconstructed the world model and, using the same components but a different structure, 

developed their organisational model. This model not only showed the interactions taking place 

between the organisation and the three sub-systems, but also demonstrated how the organisation 

influenced the entire system towards sustainability.   

 
Figure A 2. The models developed by Case Study 2 in the ‘We are a System’ module  

In the organisational model developed by the participants of Case Study 2, the interactions between 

the society, the economy and the environment were demonstrated by arrows which indicated the 

direction of the flow. The group did not articulate the interactions taking place between the 

organisation and the environment on the model and used two arrows to indicate what they take 
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from the environment and what they give to the environment. They named this interaction simply as 

‘footprint’. Even though not articulated in the model, when asked, the participants were able to 

identify several inputs and outputs taking place between their organisation and the environment. 

However, the participants of Case Study 2 saw their main intervention point as the society. According 

to the participants, their organisation had a positive influence on the environment and helped the 

economic paradigm change through social innovation. The group, in developing the model, used a 

metaphor of gears for each sub-system and a machine for the meta-system. The gears did not have 

teeth so each gear could change its pace without being dictated by others and potentially causing a 

sudden shift in the entire system. The dark grey, dashed arrows in the model represent the turning 

directions of each gear and, by influencing change in the society, the organisation influences change 

in the other two sub-systems. This organisational model demonstrates understanding of systemic 

relationships between the organisation and the three sub-systems and the meta-system.  

Figure A 3 shows a reproduction of the models developed by the participants of the Case Study 3. 

The world model the group developed was quite similar yet more sophisticated than the strong 

sustainability model. The sophisticatedness came from the acknowledgement and demonstration of 

different socio-technical contexts. The participants, instead of using the given circles, distorted two 

of the circles to represent different sizes of societies and economies and different amount of impact 

different societies have on the environment. The group made a differentiation between societies 

which are living within the carrying capacity of the world and those which are not. The group 

indicated that the economy was constantly growing, pushing the impact of society beyond what 

could be tolerated by the environment. In the model, the parts where the boundary of the society 

was closer to the boundary of the environment represent those socio-technical contexts with high 

impact. The participants placed their organisation at one of these ‘high impact’ areas since the 

organisation operated in an industrial context. The participants articulated the interactions taking 

place between their organisation and the three sub-systems, comprehensively covering all major 

input/output. The models developed by this group demonstrated an understanding of systemic, 

irreversible hierarchical relationships between the three sub-systems and between the sub-systems 

and their organisation.    
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Figure A 3. The models developed by Case Study 3 in the ‘We are a System’ module 

For all three case studies, the evidence provided was consistent and demonstrated that the scenario 

method enabled the participants to understand the hierarchical relationships between the 

environment, society and economy and the interactions between their organisation and the three 

sub-systems. Of course the models developed by participants did not indicate that the understanding 

of the participants was thorough and captured the complexity and dynamic relationships within the 

meta-system. Neither did they indicate that the participants became knowledgeable about the exact 

limits and the consequences of their actions. Nevertheless, participants’ ability to develop these 

models and gain an understanding about the systemic relationships between the environment, 

society, economy and their organisation is the most important consequence. This understanding is 

the first and major stepping stone to shift the focus of an entity from its own success/survival to a 

realisation that the success/survival of their entity is dependent on success/survival of higher-order 

system components; i.e. the system components which govern the entity; first and foremost the 

environment and a functioning society.    

Criterion 2: Have the participants understood the issues threatening the sustainability of the 
society (i.e. risks to sustainability of the society), the dynamic relationships among these issues and 
the implications of these on the business or their organisation?  

Table A 4 shows the list of risks to sustainability of society prepared by the participants in all three 

case studies. The bold items indicate the ones identified as the most urgent risks by the participants. 

There are some interesting observations which can be made from these three lists. The identified 

risks, in all three case studies, cover environmental/ecological, social/cultural, and institutional 
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topics. In all three case studies, the groups pointed to values and politics related risks as the core 

causes of environmental/ecological and social/cultural risks. Participants of Case Study 1 did not 

articulate environmental/ecological risks but identified generic risks such as destroying the viability 

of the environment and reaching tipping points. Even though the group did not articulate the 

environmental/ecological risks, the participants identified use of carbon based fuels and climate 

change separately as an urgent risk. The other risks this group identified were mainly social/cultural 

and institutional in nature. When asked, the participants verbally articulated how the viability of the 

environment was being destroyed or what tipping points were being reached. Their articulation 

covered all environmental/ecological risks identified by the other two groups, such as loss of 

biodiversity, increased risks of natural disasters, etc. However, for this group, these risks arise from 

more fundamental, institutional and/or social/cultural risks. Since their business was about group 

facilitation and facilitation training, the participants saw their major intervention possibility in 

changing institutional and social/cultural practices of the society and individuals therefore did not 

focus their effort on articulation of environmental/ecological risks. This is an indication that, even 

though theoretically there is a separation made between the risks to sustainability of the society and 

the implications of these on the business of the organisations, in reality groups bring their 

organisational perspective to the table from the beginning of risk identification. Similarly, in the case 

of Case Study 2, two perspectives, organisational and socio-cultural context, acted as filters in risk 

identification. As a result of the held organisational perspective, the risks identified as urgent are the 

areas the organisation has already done some business in relation to or areas which are already 

identified as opportunity points. The perspective related to the group’s socio-cultural context (i.e. the 

Netherlands and the European Union) resulted in the group’s identifying risks which are relevant for 

their immediate context, such as the ageing population and mass migration; two risks which were 

not identified by the other two case studies.  In Case Study 3, since the group were not from a real 

company, the risk identification process was affected only by the socio-cultural context. For example 

this group identified genetically modified food as a risk which is, even though genetically modified 

organisms are accepted to pose some risk, a very specific item to include in the list of sustainability 

risks. The reason of this inclusion was because during the time the workshop was being held in 

Turkey, the government passed a law from the parliament initially indicating that the food containing 

genetically modified ingredients did not have to be labelled which resulted in public outcry. 

Consequently, this was a current, high-profile topic. Similarly, unemployment and poverty are only 

identified by this group since both of these are problems Turkey has been struggling with for a long 

time. The lack of an organisational perspective probably resulted in this group identifying the highest 

quantity of risks among all three case studies.   
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Table A 4. The lists of risks to sustainability prepared by the participants 

R
is

ks
 t

o
 S

u
st

ai
n

ab
ili

ty
 

Case  Study 1 Case Study 2 Case Study 3 

 Reaching tipping points 

 Destroying the viability of 
the environment 

 Spread of nuclear/chemical 
weapons 

 Use of carbon based fuels 
and climate change 

 Disinformation from media 

 Political/religious dogma 

 Demonization of alternative 
systems 

 Entrenched views, attitudes, 
and obsolete systems 

 Slow uptake of alternatives 

 Not using the available and 
emerging 
technologies/knowledge 

 Individualism 

 Apathy/resignation 

 Greed 

 Overconsumption 
 
 
 
 
 
 
 
 
 
 
 
 

 Dependency on complex 
systems and our lack of 
understanding them 

 Inequitable distribution of 
resources 

 Nuclear war 

 War 

 Epidemics 

 Climate change and natural 
disasters 

 Concentrated power 

 Dominant economic 
paradigm 

 Loss of cultural biodiversity 

 Loss of biodiversity 

 Lack of drinking water 

 Mass migration 

 Aging of the society 

 Growing population 

 Radicalisation 
 
 
 

 Climate change 

 Genetically modified food 

 Toxic waste 

 War 

 Natural disasters 

 Desertification 

 Diminishing drinking water 
resources 

 Diminishing natural 
resources 

 Increasing crime rate 

 Unemployment 

 Poverty 

 Population increase 

 Greed 

 Globalisation 

 Unequal distribution of 
wealth 

 The current economic 
system 

 Injustice 

 Overconsumption 

 Diminishing non-
renewable energy 
resources and increasing 
energy demand 

 Inappropriate urbanisation 

 Inequality (e.g. gender, 
social class etc.) 

 Hierarchical system 

 Technophilia 

 Individualism  

 Epidemics 

 Nationalistic fanatism 

 Global polarisation of 
power 

 Substance abuse 

Another interesting observation is the possible influence of governmental policy on risk perception. 

All three case studies identified climate change as a risk to sustainability of society however; only two 

case studies identified it as an urgent risk. These two case studies were situated in New Zealand and 

the Netherlands, both of which are discussing the commitment they should make in relation to their 

responsibility rising from being parties to Kyoto Protocol. The third case study, which did not identify 

climate change as an urgent risk, was situated in Turkey. The Turkish government, even though 

signed and ratified the Protocol in 2009, has not made any greenhouse gas reduction commitments. 
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As a result of reluctance to commit decreasing greenhouse gas emissions at governmental level, 

there is not sufficient media focus on the issue. Even for those people interested, there is no clear 

explanation of the stance of Turkey in relation to Kyoto Protocol. For example, during the writing of 

this thesis, despite rigorous search on the web site of Turkey’s Ministry for the Environment and 

Forestry, except a Turkish translation of the text of the Kyoto Protocol and a brief explanation of 

what it means in generic terms, no explanation was found on the particular stance and strategy 

Turkey has adopted in relation to climate change and to Kyoto Protocol.   

From this analysis it can be concluded that the different perspectives groups bring to the table 

influence the sustainability risks identified. Since the workshop participants are not likely to be risk 

experts they may not be able to provide a realistic viewpoint of risks. Therefore, the risks module 

might require preparatory research about the probabilities and consequences of the sustainability 

risks which can be carried out either by the facilitator or, if they are willing to, by the participants. 

Another option can be inviting an expert to the workshop.  

For the three case studies in this research the different perspectives influenced the outcome in 

relation to the perceived priorities, however, the participants were still able to come up with a 

comprehensive list or were able to articulate verbally indicating that they understood the issues 

threatening the sustainability of society. They were also able to show how those risks dynamically 

influenced each other after being introduced to developing simple diagrams to demonstrate dynamic 

relationships between system parameters. Figure A 4 shows a segment of the dynamic map 

developed by the participants of Case Study 2 as an example. 
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Figure A 4. Segment of the dynamic risk map developed by Case Study 2 

The implications of the risks to sustainability on the businesses of organisations were being 

considered from the beginning of the exercise implicitly by employing organisational filters and only 

considering some risks to sustainability which were already relevant to the business of their 

organisation. The participants started the exercise with preconceived ideas on risks to sustainability 

and which one of those risks were relevant to their (current) business. However, the participants of 

Case Study 1, while preparing a comprehensive list of implications of the sustainability risks they 

identified, became aware of some business opportunities they had not thought of before. 

In Case Study 2, breaking the barrier of preconceived ideas of the implications of risks to 

sustainability on their business was harder possibly because the core business of this case study was 

directly related to innovation for sustainability and the participants already had put a lot of thinking 

into sustainability issues and how their business could be a positive influence in the socio-technical 

system towards sustainability. Therefore, there was a resistance initially to accept any suggestions 

from the facilitator to expand their risks list and also they were convinced that thinking about 

generic, global risks was a waste of time since the connection to their work was not clear and the 

issues were too abstract to deal with. Nevertheless, the importance of this step became clear during 

the products/services module since the implications of risks to sustainability the group identified 

started to appear as opportunities or issues needing to be solved directly by the organisation itself.  
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Identification of implications of sustainability risks on the business of the company went the most 

smoothly and productively with Case Study 3. Probably because the group was working on a fictitious 

company and there were no vested interests in an established business, the group was able to think 

freely without the constraint of existing lock-ins. This group identified several implications of the risks 

to sustainability to the business of their organisation some of which marked opportunities and 

translated into product/service ideas in the later stages of the workshop.       

In the light of the evidence provided above, it can be concluded that the participants were able to 

identify the implications of risks to sustainability on their business however were bound by their 

preconceived ideas on what those implications were and how they can respond to them. 

Nevertheless, this difficulty is not an inherent shortcoming of the scenario method and can be 

overcome with good facilitation skills.  

Criterion 3: Were the participants able to generate normative long-term societal visions within 

which the risks to sustainability were mitigated/managed/adapted to by the society through a 

combination of institutional, social/cultural, organisational and technological changes? 

Figure A5 shows the reproduction of the normative vision of a sustainable society developed by the 

participants of Case Study 1. Referring back to Table A 4, this group identified the following as high-

priority risks:  

1. Reaching tipping points; 

2. Destroying the viability of the environment; 

3. Use of carbon based fuels and climate change; 

4. Not using the available and emerging technologies/knowledge;  

5. Individualism, and; 

6. Greed. 

The normative vision developed by the participants clearly addresses all of these risks by elements in 

all four quadrants of Figure A5. For example, in order to address the first three risks listed above, the 

group envisions that in a sustainable society all energy will come from renewable resources; i.e. 

wind, sun and ocean. Here, an explanation is necessary. The group did not directly use the word 

renewable but instead used ‘directly from nature’. An energy resource directly from nature also 

covers non-renewable resources such as petroleum and coal, consumption of which results in 

greenhouse gas emissions. However, the conversations held with the group clarified that what the 

group meant was renewable and non-fossil energy resources.  
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Figure A5. The normative vision of a sustainable society developed by the participants of Case Study 

1 

Other solutions the group envisioned in the technologies quadrant which address the same risks are 

related to mobility. The group envisioned that, in a sustainable society, mobility needs of people will 

be met through teleportation, holographic travel and virtual reality. All of these options currently 

seem technologically plausible even though a little bit further ahead. Teleportation of people and 

objects from one point to another is popularised by the science-fiction television series Star Trek in 

late 1960s. Davis (2004), in a report provides an in-depth review and status of theoretical and 

empirical maturation of available research in relation to teleportation. From this report it can be 

concluded that even though there is still a need for substantial theoretical and empirical 

advancement for a viable technology to come about, teleportation is far from being a science-fiction 

fad. According to a technological forecasting study carried out by the Institute of Defence Analysis of 

USA such teleportation will require major technological advancement which cannot be achieved in 

the next 50 years (Oliver, Balko, Seraphin, & Calhoun, 2002). Of course, it is not possible to 

determine whether transportation via teleportation is going to be a sustainable option of mobility 

and such assessment will need to be done when there is better understanding of the physics behind 

teleportation and when there is indeed a usable technology.  
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‘Holographic travel’ as used by the workshop participants corresponds to holographic image (and 

sound) transmission in scientific terms. Currently there is a lot of research going on in the field of 

holographic technologies and there are evidence that transmission of three-dimensional images and 

sound is possible (for example, see, Takano, Sato, Muto, & Wakabayashi, 2005). Currently, the 

common application of holography is static; i.e. holographic images are reproduced following a series 

of processes after the image has been recorded which means a delay time in capturing and being 

able to display the image. The real-time display and transmission of motion involving images will 

require some more time and research. However, with the advances in novel non-linear optical 

materials along with some advances in haptics in virtual reality in the not very far future, we might 

be able to, for example, have a virtual meeting as a product development team and try a prototype 

without being physically present together in a meeting room. Even though not based on holographic 

technology, a prototype for real-time three dimensional video display technology has already been 

developed (see, Matusik & Pfister, 2004) and three dimensional home televisions will be in the 

market in 2010 (Takenaka & Paul, 2010).  

The WG of Case Study 1 identified several institutional and social-cultural changes both at the level of 

governance and of individuals. The vision they developed emphasised co-operation and community 

over individual to address the fifth and sixth risks they identified (i.e. individualism and greed).  

In conclusion, the vision they developed addressed all of the high priority risks they identified and 

some risks not identified as high priority risks. Therefore, from the perspective of evaluating the 

scenario method, this workshop group generated some ideas which are associated with 

technological breakthroughs as well as institutional and behavioural changes which potentially 

mitigate/manage the risks to sustainability they identified in the risks module. The vision outcome 

from this workshop fulfilled the criterion.   

Figure A 6 shows the reproduction of the normative vision of a sustainable society developed by the 

participants of Case Study 2. Referring back to Table A 4, this group identified the following as high-

priority risks:  

1. Dependency on complex systems and our lack of understanding them; 

2. Inequitable distribution of resources; 

3. Climate change and natural disasters; 

4. Dominant economic paradigm, and; 

5. Lack of drinking water. 
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Figure A 6. The normative vision of a sustainable society developed by the participants of Case Study 

2 

The vision developed by participants of Case Study 2 address the high priority risks they identified to 

some extent; however, there are some problems associated with the vision rising from the lack of 

clarity and connection. Even though there are several aspects of the vision which are related to the 

risks identified, the direct connection is missing due to the level of abstraction in the vision. For 

example, in the technologies quadrant there is no clear technology vision (except nuclear fusion) but 

there are statements about the characteristics of future technologies such as ‘robust and resilient 

systems’ and ‘adapted smart interconnections’. It is not clear how these characteristics are going to 

mitigate/manage the risks identified even though one can establish a connection between these 

characteristics and the first risk on the list (i.e. dependency on complex systems and our lack of 

understanding them) following some reasoning. The only clear technological concept is nuclear 

fusion which is attached to a question mark since not all of the participants were comfortable with 

the idea that nuclear fusion should be the way to meet the society’s energy needs. Also, the vision 

does not seem to provide sufficient detail either. For example, dominant economic paradigm is 

identified as one of the high-priority risks by this group. This risk is central to the activities of the 

foundation from which the start-up company spun-off. In one of the meetings held with the founder 
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and director of the foundation, he stated that whatever they do, their ultimate aim is to change the 

dominant economic paradigm. This indicates allocation of time and resources to mull-over this aim 

over a long period of time. However, the only aspect of the vision addressing this risk was the 

decentralised banking/economic system. One item in the institutions quadrant; i.e. common global 

language, is not connected to any of the risks identified by the group, neither the high-priority ones 

nor the rest of the list.  

Despite the lack of connection and clarity of some aspects of the vision, there were aspects which 

were clearly defined and could be directly linked to the risks identified by the group. For example, 

the group identified lack of drinking water as a high-priority risk. Optimum (re)use of water and 

natural cleaning systems in the surroundings quadrant (even though more suitable for technologies 

quadrant) address this risk directly. The individuals in the individuals quadrant were identified as 

spiritual, emphatic and global minded. These attributes were seen by the group as essential to 

address equitable distribution of resources and creating a sustainable society in general. Even 

though, the ‘common global language’ does not have any direct connection to the risks identified by 

the group, a common language is likely to improve communication and may influence decision 

making at global level positively. 

In conclusion, even though the risks identified by this group demonstrated a high-level 

understanding of sustainability issues, the resulting vision addressed those risks only to a certain 

extent as a result of lack of clarity. One reason of not achieving development of a long-term vision 

might be the group’s preoccupation with generating solutions for sustainability issues presently. 

Since the group already put a lot of thought and had preconceived ideas on how to achieve 

innovation for sustainability, they had difficulty in focusing on long term or seeing their present 

activities in the context of long term. As mentioned earlier, one of the seniors in the group 

commented that 50-plus years time frame was too long and imagining what would happen in 50 

years time was impossible even though 50 years was the time-period generally used in system 

innovation related projects (see Chapter 4 Section 4.5). In facilitating this workshop it was assumed 

that there would be no need to explain the reasons behind using a 50-plus years time frame since the 

core business of the group was innovation for sustainability and this case study was based in the 

Netherlands; i.e. the country where system innovation theory and related projects were initiated and 

mainly coming from currently. In facilitating the other two workshops, the reasons behind the 

selection of 50-plus years time frame were explained and no similar problems were encountered. 

Therefore, the difficulty experienced with this group does not indicate a short-coming from the 
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perspective of evaluating the scenario method but rather a short-coming of the facilitation of this 

module in this case study. 

Figure A 7 shows the reproduction of the normative vision of a sustainable society developed by the 

participants of Case Study 3. Referring back to Table A 4, this group identified the following as high-

priority risks:  

1. Toxic waste; 

2. Diminishing natural resources; 

3. Globalisation; 

4. Diminishing non-renewable energy resources and increasing energy demand, and; 

5. Technophilia (The WG used this word to refer to the techno-centric viewpoint which assumes 

that technological development is the key to achieving sustainability). 

 
Figure A 7. The normative vision of a sustainable society developed by the participants of Case Study 

3 

The vision developed by the participants of Case Study 3 clearly addressed all of the risks identified 

as high-priority by the group as well as many of the risks not identified as high-priority by proposing 

changes in all four quadrants. For example, the first risk; i.e. toxic wastes, is clearly addressed in the 
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surroundings quadrants and envisioned to be eliminated. The second risk; i.e. diminishing natural 

resources, is addressed in the technological quadrant by envisioning closed-loop 

production/consumption systems, in the institutions quadrant by envisioning an environmentally 

aware public and in the individuals quadrant by contentment without over-consuming. 

In order to tackle the negative effects of globalisation, the group envisioned globalisation to be 

humanised by caring for the strength and resilience of local and regional economies. In these local 

and regional economies, people will not lose their jobs due to cheaper labour available elsewhere. 

Humanisation of globalisation was complemented by other changes in the institutional and 

individuals quadrants such as contentment with mostly consuming what is locally available. 

The group envisioned the future to be fuelled by renewable resources to counter the undesired 

consequences of diminishing non-renewable energy resources and increasing energy demand. 

Relating to the expected population increase, this group did not see a viable future in individual car 

ownership and envisioned a super-fast, affordable, no-emission public transport mode to become 

the norm.  

The risk identified as technophilia by the group corresponds to the stance that technological 

advancement does not per se solve our sustainability problems which is also held by the co-

evolutionary paradigm to innovation discussed in Chapter 3 Section 3.2. In line with this stance the 

majority of the solutions anticipated by the group were under institutional and individuals quadrants; 

i.e. focused on behavioural and cultural change. For example, the group put a lot of emphasis on the 

requirement of communalism (similar to the participants of Case Study 1) and anticipated that, in a 

sustainable society, people should undertake voluntary work for the common good.  

In the future vision developed by this group several risks not identified by the participants as high-

priority were also addressed. However, a detailed account will not be given here and interested 

readers are encouraged to further analyse the sustainability risks list prepared by this group (Table A 

4) and the vision developed (Figure A 7). For the purpose of evaluating the scenario method, 

sufficient evidence is provided here to demonstrate that the participants of Case Study 3 were able 

to generate normative, long-term, societal visions within which the risks to sustainability were 

mitigated/managed/adapted by the society through a combination of institutional, social/cultural, 

organisational and technological changes.          
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Criterion 4: Were the scenario maps developed by the participants able to link present to the long-

term future visions of a sustainable society they developed enabling alternative innovation paths 

to be identified?  

The process of scenario development was mediated by development of a vision for the social 

function identified by the group consistent with the vision of a sustainable society. The groups 

initially questioned if the social function they identified for their product/service still existed in a 

sustainable society. All three groups gave positive responses to this inquiry and developed a vision 

for their organisation and the social function of their product/service as a sub-set of the vision of a 

sustainable society, as a result systemically linked the two. From this second vision, specific to the 

organisation itself and the social function met by the organisation’s product/service, the final event-

trees were identified. Since the content of the organisational visions and scenarios are exclusive (for 

Case Study 1 and Case Study 2) and also not relevant to the evaluation of the scenario method, the 

maps are not going to be reproduced here. The important aspect of the scenario maps in the 

evaluation of the scenario method is the continuity of the flow between present and the future and 

identification of innovation paths providing the organisation with alternatives to choose from and to 

use if one path becomes unviable in the future. Figure A 8 shows the general structure of the maps 

produced. 

 
Figure A 8. The generic structure of scenario maps generated during the workshops 
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In the above figure on the left hand side there are events which are either happening currently or 

likely to happen in the very near future. These events can be events taking place in the organisation 

or in its immediate environment. Of course an organisation’s immediate environment is not limited 

to physical immediacy but any event with potential high influence on the organisation’s business 

needs to be considered here. On the right hand side, the events are directly extracted from the vision 

of a sustainable society and associated social function vision to mark the final milestones in achieving 

the vision. In the middle are events anticipated by the participants to take place in the future as well 

as some ‘surprise’ events which are not anticipated by the participants but introduced to the process 

by the facilitator (or a wild card) to increase diversity of innovation paths and to enable participants 

to think about not only likely but unlikely events and their consequences on the organisation. The 

events layer developed is a simpler version of the scenario network maps (List, 2005) however, they 

are not as detailed to cover an in-depth inquiry into the near past and intentions of stakeholders as a 

result of time limitations. Once the events are identified and flows are established, stakeholders are 

identified and mapped on the scenario map at places where they can be of high influence. Following 

the stakeholders layer, product/service concepts are identified and these are also mapped on the 

scenario map where they can be introduced.  

This generic structure was achieved with all three case studies with varying degrees of detail of 

innovation paths. The degree of detail of innovation paths is directly proportional to the number of 

event trees generated by the participants. The number of event trees is directly proportional to the 

number of participants and the time allocated to the task of scenario development. Therefore, the 

degree of detail of innovation paths generated by Case Study 1 (only 4 participants) was not as high 

as the other two case studies. However, from the perspective of evaluating the scenario method, the 

scenario maps developed by the participants in all three case studies were able to link present to the 

long-term future visions of a sustainable society and enabled identification of alternative innovation 

paths. 

 


