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Summary 
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Summary 

This thesis addresses the upcoming sustainability transition of Swiss waste management as part of a 
collaborative planning process initiated by Swiss policy makers in order to approach the challenges for Swiss 
waste management (e.g., continuously increasing waste amounts) as outlined by sustainable development. 
The thesis copes with the initial phases of transition management (i.e., structuring and planning). The overall 
aim is to provide transition support by developing comprehensive orientation for the transition process on 
the strategic level and by building capacity for problem solving in the subsequent stages of transition 
management. Related to the interdisciplinary character and the plurality of perspectives that are inherent for 
such a transition process, emphasis is given to the knowledge integration and structuring through expert 
collaboration. Since changes in waste management are driven by various non-technical aspects, a highly 
integrative perspective was taken, which framed waste management as a socio-technical system consisting 
of a technological and societal sphere embedded in the wider socio-technical context. This thesis is basically 
composed of the following two parts: (i) structuring Swiss waste management’s transition by developing 
long-term orientation and a prioritization of related strategic fields of action to be more specifically dealt 
with in the subsequent planning stage (Paper 1 and 2) and based on these results, (ii) elaborating more 
detailed orientation for strategy development for two selected subsystem transitions in end-of-pipe waste 
management that were deemed important in the previous part (Paper 3 and 4). 

The first paper entitled “Problem structuring for complex transitions: The case of Swiss waste management” 
makes a methodological contribution to the initial ‘structuring’ stage of transition management. The 
comprehensive structuring of the socio-technical system under transformation and the discussion of related 
strategic priorities are important but often inadequately considered steps in the complex problem solving 
process. This paper presents the conceptual basics of the specifically developed Structuring for Complex 
Transitions (SCT) procedure for collaborative knowledge integration. It is a highly structured procedure that 
accesses the expertise and interests of a large group of key expert. The procedure is aligned with three key 
requirements derived from the ambition to adequately consider the whole spectrum of required perspectives, 
i.e., expertise and interests, in this fundamental step of transition management. This paper demonstrates 
how to benefit from the knowledge of a large expert group while minimizing the drawbacks that are 
normally associated with interactions among large groups, thereby making an important methodological 
contribution to transition management in general. 

On the other hand, the second paper entitled “Transition priorities for sustainable Swiss waste management: 
Outcomes from an expert workshop” focuses on the results from the initial application of the SCT procedure 
to Swiss waste management. It presents the identified paradigm for the upcoming transition and related 
strategic priorities from both a short-term and long-term transition perspective. The strategic priorities are 
structured according to the different spheres of the socio-technical system. The results indicate a paradigm 
shift to the integrated management of resources and outline two basic material flow transitions that are 
important in this regard, i.e., optimizing the environmental and economic performance in the end-of-pipe 
domain and improving material lifecycles by addressing the almost untouched potential in upstream lifecycle 
phases (i.e., the technology sphere). Factors from the societal sphere highlight the political, economic, socio-
cultural, and knowledge-related issues that experts consider decisive for fostering the identified material 
flow transitions. This paper indicates that the upcoming sustainability transition for waste management 
requires the scope to be widened. In addition to the still important ‘classical’ approaches, the transition under 
the new paradigm is associated with fundamental reconsiderations of the way material flows are currently 
managed. 

The third paper entitled “Expert-based scenarios for strategic waste and resource management planning: 
C&D waste recycling in the Canton of Zurich, Switzerland” addresses one of the identified end-of-pipe 
challenges, i.e., “assuring markets of recycled materials”, in the domain of mineral construction and 
demolition (C&D) waste. For the prospective analysis from a strategic planning perspective, this paper 
explores possible future developments in the recycling market for mineral construction materials based on 
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insights from the crucial system elements and dynamics among them. The analysis relied on an expert-based 
formative scenario analysis (FSA). The results of the study provide valuable insights for the development of 
strategies to assure the sufficient future demand for recycled mineral construction materials. This paper 
further provides evidence related to how expert knowledge can be appropriately integrated into the different 
steps of the FSA. 

The fourth paper entitled “Technological change in Swiss thermal waste treatment: A socio-technical 
analysis” addresses an unresolved end-of-pipe problem, i.e., the insufficient quality of thermal residues for 
final disposal and the unexploited recycling potential for metals contained in these residues. It presents a 
retrospective analysis of patterns of technological change in the subsystem ‘thermal waste treatment’ and 
relies on a two-stage knowledge integration, consisting of expert interviews and a subsequent online survey, 
among experts who were prominently involved in the past discussion and examinations of alternative 
thermal technologies. The structuring relied on an inventive combination of concepts from socio-technical 
transformations and innovation research. The analysis yielded a comprehensive set of impact factors that 
generally affect (i.e., either foster or hinder) the process of technology based system transformations and 
relates the identified factors to three specific yet different technology options in order to gain more detailed 
insight. The results led to a comprehensive understanding of the factors and the interactions that underlie 
the patterns of technological change within Swiss thermal waste treatment. The insights provide sound 
fundamentals for the development of strategies that can foster the market introduction of promising 
technologies and avoid the system getting stuck in lock-in, i.e., a suboptimal but stable socio-technical 
configuration. 

This thesis indicates that the collaboration among experts from science and society in the form of a 
transdisciplinary discourse is a promising approach for addressing structuring and subsequent strategic 
planning in the initial phases of transition management. In addition to the substantive enrichment of the 
elaborated insights, the applied collaborative approaches also result in procedural outcomes that are related 
to the facilitation of mutual learning as well as building commitment and societal capacity among key actors 
of the transition process. These are considered important prerequisites to successfully mastering the required 
changes in the different domains of waste management. Before the thesis concludes with some suggestions 
for further research that directly builds on the gained insights, it deals with some crucial methodological 
considerations, which are associated with the collaborative knowledge production in transdisciplinary 
discourses and to which the thesis makes some contributions. 
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Zusammenfassung 

Die vorliegende Doktorarbeit setzt sich mit der anstehenden Nachhaltigkeits-Transition der Schweizer 
Abfallwirtschaft auseinander. Die Arbeit ist Bestandteil eines gemeinschaftlichen, von Schweizer 
Entscheidungsträgern initiierten Planungsprozesses, um die abfallwirtschaftlichen Herausforderungen (z. B.: 
kontinuierlich steigende Abfallmengen) einer Nachhaltigen Entwicklung anzugehen. Die Arbeit fokussiert auf 
die ersten Phasen des Transitionsmanagements (d.h. „Strukturierung“ und „Planung“). Das übergeordnete 
Ziel der Arbeit besteht darin, den Transitionsprozess durch die Erarbeitung von umfassenden strategischen 
Orientierungen zu unterstützen und Kapazität zur Problemlösung in den folgenden Phasen des 
Transitionsmanagements zu entwickeln. Aufgrund des interdisziplinären Charakters dieser Art von 
Transitionsprozessen und der Vielfalt von vorhandenen Interessen stellt die Wissensintegration und –
strukturierung durch die Zusammenarbeit von Experten einen Schwerpunkt der Arbeit dar. Da 
Entwicklungen in der Abfallwirtschaft von einer Vielzahl nicht-technischer Aspekte beeinflusst werden, liegt 
der Arbeit eine integrative Konzeptualisierung der Schweizer Abfallwirtschaft zu Grunde. Dabei wird die 
Abfallwirtschaft als sozio-technisches System – bestehend aus einem technologischen und gesellschaftlichen 
Subsystem – verstanden, das mit den Umweltsystemen „metabolisch“ interagiert und in einen breiteren 
Kontext eingebettet ist. Die Arbeit besteht grundlegend aus den folgenden zwei Teilen: (i) Strukturierung der 
Transition der gesamten Abfallwirtschaft aus einer strategischen Perspektive (Publikation 1 & 2) und, 
aufbauend auf diesen Resultaten, (ii) Erarbeitung von detaillierteren strategischer Orientierungen, um zwei 
spezifische Transitionen von Teilsystemen, welche im vorherigen Teil identifizierte zukünftige 
Herausforderungen im „end-of-pipe“-Bereich angehen, zu steuern (Publikation 3 & 4). 

Die erste Publikation “Problemstrukturierung für komplexe Transitionen: Der Fall der Schweizer 
Abfallwirtschaft” leistet einen methodischen Beitrag zur ersten Phase “Strukturierung” des 
Transitionsmanagement. Die umfassende Strukturierung des zu transformierenden sozio-technischen 
Systems stellt einen wichtigen, aber oft ungenügend berücksichtigten Schritt in komplexen 
Problemlösungsprozessen dar. Die Publikation stellt die Grundlagen der SCT (Strukturierung komplexer 
Transitionen)-Methode dar, die spezifisch zur kollaborativen Wissensintegration in der Strukturierungs-Phase 
entwickelt wurde. Es ist eine klar strukturierte Methode, die, basierend auf dem Wissen und den Interessen 
einer grossen Expertengruppe, die strategischen Handlungsfelder für den Transitionsprozess identifiziert, 
priorisiert und strukturiert. Die Methode ist auf drei Anforderungen abgestimmt, welche die 
Berücksichtigung des erforderlichen Wissens- und Interessensspektrum in diesem grundlegenden Schritt des 
Transitionsmanagements sicherstellen. Die Publikation zeigt, wie das Wissen einer grossen Expertengruppe 
genutzt werden kann, während negative Gruppendynamiken in der Zusammenarbeit minimiert werden 
können. Damit leistet die Publikation einen wesentlichen methodischen Beitrag zum 
Transitionsmanagement. 

Die zweite Publikation “Prioritäten für die Transition zu einer nachhaltigen Schweizer Abfallwirtschaft: 
Ergebnisse aus einem Experten-Workshop” fokussiert auf die Resultate der ersten Anwendung der obig 
skizzierten SCT-Methode im Bereich der Schweizer Abfallwirtschaft. Die Publikation präsentiert das 
identifizierte Paradigma für die anstehenden Transition und die damit verbundenen strategischen 
Handlungsfelder aus kurzfristiger wie auch langfristiger Sicht. Die Handlungsfelder wurden anhand der 
unterschiedenen Sphären des sozio-technischen Systems strukturiert. Sie umreissen zwei grundlegende 
Materialfluss-Transitionen (technologisches Subsystem), welche mit dem identifizierten Paradigmenwechsel 
zu einem integrierten Ressourcenmanagement verbunden sind: (i) die Optimierung der ökologischen und 
ökonomischen Performanz im “end-of-pipe”-Bereich und (ii) die Optimierung von Material-Lebenszyklen 
durch das Angehen von der Abfallwirtschaft vorgeschalteten Phasen im Lebenszyklus. Die strategischen 
Handlungsfelder in den gesellschaftlichen Subsystemen heben die politischen, ökonomischen, sozio-
kulturellen und wissensbezogenen Aspekte hervor, die für die Steuerung der Materialfluss-Transitionen als 
entscheidend eingestuft wurden. Die Publikation deutet darauf hin, dass die anstehende Nachhaltigkeits-
Transition der Schweizer Abfallwirtschaft eine Erweiterung des Blickwinkels benötigt. Neben den nach wie 
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vor wichtigen “klassischen” Ansätzen, ist der Transitionsprozess auf grundlegende Änderungen im 
Materialfluss-Management angewiesen. 

Die dritte Publikation “Experten-basierte Szenarien zur strategischen Planung im Abfall- und 
Ressourcenmanagement: Wiederverwertung von Bauabfällen im Kanton Zürich, Schweiz” setzt sich am 
Beispiel von mineralischen Baubfällen mit einer der identifizierten Herausforderungen im end-of-pipe 
Bereich auseinander (d.h. Sicherung der Nachfrage nach Recycling-Material). Basierend auf dem Verständnis 
der kritischen Einflussfaktoren und deren gegenseitigen Abhängigkeiten, werden unterschiedliche 
Zukunftsentwicklungen (Szenarien) des Recycling-Marktes für mineralische Baumaterialien analysiert. Die 
Analyse beruht auf einer Experten-basierten Formativen Szenarioanalyse (FSA). Die Resultate bilden eine 
hilfreiche Grundlage zur Entwicklung von Strategien, um für die Zukunft eine ausreichende Nachfrage nach 
mineralischen Sekundär-Baustoffen sicherzustellen. Weiter liefert die Publikation Einblicke, wie 
Expertenwissen in den verschiedenen Schritten der FSA adäquat einbezogen werden kann. 

Die vierte Publikation “Technologischer Wandel in der Schweizerischen thermischen Abfallbehandlung: Eine 
sozio-technische Analyse” befasst sich mit dem ungelösten “end-of-pipe”-Problem der Rückstände aus der 
thermischen Abfallbehandlung. Die Rückstandsqualität ist für eine sichere Deponierung ungenügend. Weiter 
weisen diese Rückstände ein ungenutztes Potential für die Rückgewinnung von Metallen auf. Die Publikation 
präsentiert eine retrospektive Analyse der Zusammenhänge, die technolgischem Wandel in der thermischen 
Abfallbehandlung zu Grunde liegen. Die Studie beruht auf einem zweistufigen Vorgehen zur 
Wissensintegration, bestehend aus Interviews und einer Online-Befragung, unter Experten, welche in den 
neunziger Jahren in der Diskussion und Prüfung innovativer Technologien beteiligt waren. In der Studie 
werden theoretische Konzepte aus der Analyse von sozio-technischen Transitionsprozessen und aus der 
Innovationsforschung kombiniert, um das Expertenwissen zu strukturieren. Die Studie resultierte in einem 
umfassenden, strukturierten Set von Einflussfaktoren, welche Technologie-basierte Transitionsprozesse 
beeinflussen (d.h. fördern bzw. behindern). Weiter wurden diese Einflussfaktoren zu drei unterschiedlichen 
Technologien in Beziehung gesetzt, um die Einblicke in die Mechanismen des technologischen Wandels 
durch die Analyse unterschiedlicher Transitionstypen zu vertiefen. Das erarbeitete Verständnis der 
Einflussfaktoren und Mechanismen, die technologischem Wandel zu Grunde liegen, lieferte eine umfassende 
strategische Grundlage, um die Markteinführung von vielversprechenden Technologien zu unterstützen.  

Die Doktorarbeit zeigt, dass die Zusammenarbeit von Experten aus Wissenschaft und Praxis in Form eines 
transdisziplinären Diskurses eine vielversprechende Vorgehensweise darstellt, um die Komplexität von sozio-
technischen Systemtransitionen in den ersten Phasen des Transitions-Management (Strukturierung und 
Planung) anzugehen. Neben der inhaltlichen Bereicherung der Analyse (ganzheitliche Systemperspektive) 
mündet diese Form der Zusammenarbeit auch in einem prozeduralen Nutzen, der sich auf die initiierten 
Lernprozesse, auf das geförderte Kommitment der Expertengruppe und auf die damit geschaffene Kapazität 
zur weiteren Problemlösung im Transitionsprozess bezieht. Die prozeduralen Nutzen sind eine wichtige 
Voraussetzung, um die identifizierten Transitionen in verschiedenen Teilsystemen der Abfallwirtschaft 
erfolgreich zu bewältigen. Bevor die Arbeit mit einer Übersicht über weiteren Forschungsbedarf abschliesst, 
wird noch auf die geleisteten methodischen Beiträge zum Transitions-Management eingegangen. Diese 
beziehen sich vorwiegend auf Aspekte der Wissensproduktion durch die Zusammenarbeit von Wissenschaft 
und Praxis im Rahmen eines transdisziplinären Diskurses. 
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1 Introduction 

1.1 Background of the thesis 
Since the industrial revolution and the immense economic revival starting in the middle of the last century, 
the relation of mankind to the earth has dramatically changed. The use of resources (i.e., materials and 
energy), land use, and environmental pollution associated with the generation of wealth and well-being have 
exponentially increased in the past and continue to do so today. The current worldwide anthropogenic 
metabolism associated with fulfilling peoples’ needs and desires seems to be beyond the earth’s capacity 
limits (McMichael et al., 2003; Raven, 2002; Rogers et al., 2008; Wackernagel et al., 2002). In principle, the 
following three general classes of change can be distinguished: “(i) transforming the land and sea – through 
land clearing, forestry, grazing, urbanization, mining, trawling, dredging, etc.; (ii) altering the major 
biogeochemical cycles – of carbon, nitrogen, water, synthetic chemicals, etc.; and (iii) adding or removing 
species and genetically distinct populations – via habitat alteration or loss, hunting, fishing, and introduction 
and invasions of species” (Lubchenco, 1998, p. 491). These changes have led to multi-faceted global and local 
environmental problems, such as climate change, soil degradation, water pollution, stratospheric ozone 
depletion, loss of biodiversity, etc., thereby raising enormous challenges for human development (Millennium 
Ecosystem Assessment, 2005; UNEP, 2007; Vitousek et al., 1997). 

Future prospects even reveal evidence that the outlined problems will be accentuated in the future because 
the rates and spatial scales of most of the outlined changes are still increasing. This is mostly related to 
ongoing economic development, especially in Asian countries (e.g., China and India), and population growth, 
mainly in the least developed countries around the world. World population is expected to grow to around 9 
billion in 2050; however, extreme scenarios suggest that it could even reach 11 billion (Lutz et al., 2001; UN-
DESA, 2008). 

The outlined situation and prospects clearly indicate that mankind has to find more sustainable ways to 
provide for peoples’ needs as humans probably will always depend on the earth’s ecological systems, i.e., 
earth’s life support systems, for survival (Cash et al., 2003; Daily, 1997; Millennium Ecosystem Assessment, 
2005). A large scientific consensus suggests that the world has to undergo a transition toward sustainability 
in order to reconcile society’s long-term goals with environmental limits (Clark & Dickson, 2003; Kates & 
Parris, 2003; NRC, 1999; Swart et al., 2002; Voisey & O'Riordan, 1998), thereby preventing ecological systems 
from collapsing in the long run. 

Socio-technical systems, which are composed by a cluster of societal and technical subsystems (Ropohl, 
1999), play a crucial role in such a transition toward sustainability by determining the economic and 
environmental efficiency in meeting societal functions, such as transportation or energy supply. As a typical 
example of socio-technical systems, waste management systems, which serve as the system for the disposal 
of used materials and products, are of great importance with respect to environmental protection (De Marchi 
et al., 1996; Hellweg et al., 2003). Environmental concerns about waste management can be divided into the 
following two major areas (Tchobanoglous & Keith, 2002; White et al., 1999): environmental pollution and 
conservation of resources. Regarding the former, waste management systems serve as a ‘gatekeeper’ for the 
earth’s ecosystems via their role as temporary or final material sinks. In other words, the way in which waste 
is managed determines the amount, chemical form, and thus toxicity of consumed materials released into 
the environment, i.e., the air, soil, and water. Regarding the latter, closing material cycles via product reuse or 
material recycling contributes to the reduction of resource depletion and environmental impacts in upstream 
lifecycle stages, such as mining, primary production, etc., through the substitution of primary material supply 
(Allen, 2002; Allen & Behmanesh, 1994). 

Waste management systems vary greatly among countries; therefore, the challenges associated with 
sustainable development also differ to a great degree. On the one hand, this is related to different stages of 
development in undeveloped versus highly developed countries. On the other hand, these differences are 
associated with country specific circumstances (e.g., the availability of land resources for final disposal, 
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culture, or historical conditioning of societies through experienced environmental scandals, for example), 
resulting in diverse development paths for waste management systems. In this thesis, the subject under 
investigation is the case of Switzerland as a prototypical example for waste management in highly developed 
countries. 

1.2 The case: Waste management in Switzerland 
1.2.1 Historical digest 

The generation of waste1 is inextricably linked to human activity and has thus existed since mankind started 
to live on the planet. However, for a long time, waste was not really a problem for human health or the 
environment. On the one hand, the population was small, and highly congested areas did not exist, which 
resulted in waste amounts that were not critical in nature. On the other hand, the kind of waste that 
accumulated was mainly unpolluted organic matter and could be conveniently dispersed on extensively 
available land resources if not used as a fertilizer for agricultural production. Although the first severe 
problems with waste management arose in the Middle Ages (Illi, 1987; Jaag, 1969; Wilson, 2007), this 
discourse focuses mainly on the major waste management transitions and their main drivers from the 
beginning of the 18th century2,3. 

Before the industrial revolution, the handling of waste did not lead to significant problems with few 
exceptions in congested city areas. This was generally due to a relatively low population density and large 
capacity for disposal. The predominantly organic waste was directly reused (e.g., as fertilizers and animal 
food), and the comparatively high relative costs of raw materials resulted in considerable recycling. The rest 
was disposed of in remote areas according to the NIMBY (not in my backyard) paradigm. 

The incipient industrialization that occurred toward the middle of the 19th century led to fundamental 
societal shifts, i.e., enormous expansion and densification of urban areas, an increase in consumption, an 
abandonment of self-supply, and the subsequent new product requirements (Lindemann, 1992; Ponting, 
1992), all of which resulted in significant impacts on waste management. Both the amount and variety of the 
material of the waste significantly increased; thus, associated hygiene problems became widespread and 
dangerous. Nevertheless, the transition within waste management practices as driven by public health 
considerations did not start until a linkage between poor sanitary living conditions and the occurrence of 
infectious diseases (e.g., mainly cholera at the time) had been established. These insights resulted in a shift 
from the predominantly uncontrolled disposal practices toward a rudimentary waste management system 
involving a hygienic paradigm, e.g., curbside collection schemes, early incinerators, and composting facilities. 
Nevertheless, uncontrolled disposal via dumping on the land or open burning remained prevalent to a large 
extent. 

The next fundamental shift in waste management was induced by the economic revival and population 
growth in the second half of the 20th century and the accompanying immense increase of resource 
consumption (Kates & Parris, 2003; NRC, 1999; Pfister & Bär, 1996). This development basically paved the way 
for the transition to the modern waste management in today’s society. The outlined rudimentary waste 
management of that time was suddenly confronted with strongly increased amounts and material diversities 
of the waste; the existing means could not appropriately handle the waste of the time due to limited landfill 
capacities amongst other things. Consequently, Switzerland witnessed a cascade of severe environmental 
problems, starting with widespread water pollution due to uncontrolled waste dumping. This was followed 
by air pollution due to the nation-wide implementation of incinerators, which was due to efforts aimed at 
water protection in the beginning of the 1970s, thereby resulting in the prohibition of waste disposal by 

                                                                            

1 According the environmental protection law in Switzerland, “wastes are portable things that the owner 
wants to get rid of or whose disposal is of public concern” (EPL, 1993, p.3) 

2 More detailed analyses of the historical developments are provided in Spoerri et al. (submitted-a, cf. chapter 
3) and Spoerri et al. (submitted-b, cf. chapter 5). 

3 The historical summary does not include the temporary changes in waste management practices occurring 
in relation to World Wars I and II, although they were quite significant. 
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uncontrolled dumping. Environmental scandals and shifts in the awareness of the problem (e.g. from water 
to the atmosphere) associated with isolated environmental protection led to the institutionalization of 
integrated environmental protection within Swiss waste management. The core milestone of this process was 
the introduction of the waste management guidelines in 1986 (FOEN, 1986), which already contained the 
strategic principles of integrated waste management, i.e., prevention, improvement of waste composition, 
environmentally friendly treatment, and environmentally secure final disposal. These guidelines created the 
basis for the current modern waste management (cf. 1.2.2) by providing the strategic frame for a set of legal 
regulations that first focus on controlling the risks from treatment and final disposal and later focus on the 
promotion of material recycling. These policy efforts have led Swiss waste management to develop a stage in 
which direct impacts on the environment are significantly reduced (Winzeler et al., 2003, cf. 1.2.2). 

1.2.2 Present state 

Figure 1 (a-c) provides an overview of some key data for Swiss waste management and illustrates that the 
efforts, especially in the last two decades, have led to a well-functioning end-of-pipe waste management 
system in Switzerland. In 2006, 7.5 million inhabitants generated round 18.5 million tons of waste, of which 
about two-thirds (i.e., 11.90 million tons) was described as construction and demolition (C&D) waste. In 
addition, approximately 25% (i.e., 5.31 million tons) was described as municipal solid waste (MSW) and around 
6% (i.e., 1.17 million tons) as hazardous waste, while a very small amount (i.e., 0.2 million tons) was made up 
of sewage sludge. Two-thirds of the total waste was recycled, and the rest was either incinerated in well-
equipped grate-firing systems4 (i.e., 20%) or disposed in sanitary landfills (i.e., 12%). A very small amount that 
was considered hazardous waste underwent physical-chemical treatment (Figure 1a). 

Remarkably, sewage sludge was almost exclusively incinerated due to the prohibition of using this for 
agricultural applications in 2003 based on human- and eco-toxic considerations. C&D waste was to a large 
extent (i.e., 80%) recycled, whereas for hazardous waste the different disposal paths accounted for roughly 
the same amounts. 

 

a 

 

b 

 

c 

Figure 1. Key data related to waste management in Switzerland: Fraction specific total amounts with 
corresponding disposal paths (1a); temporal trend of total, incinerated and recycled MSW amounts (1b); 
temporal trend of the recycling rate for selected separate collections (1c). 

For the first time in 2005, the amount of recycled MSW exceeded the amount of incinerated waste, which 
had decreased since 1989 by nearly 100 kg per capita. This is a result of built recycling infrastructure, 
economic incentives (Hellweg et al., 2001), legal regulations, and exemplary waste separation behavior in 
                                                                            

4 Equipped with a heat boiler for energy production, an electro filter and normally an additional two-stage 
flue gas cleaning system based on gas scrubbing and denitrification. 
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households. Nevertheless, a closer look at the specific separate fractions (Figure 1c) reveals that the increase 
in recycling rates significantly differed among the different fractions; i.e., the recycling of tin plates increased 
at a greater rate as compared to PET and batteries. 

In addition to these achievements, the amount (Figure 1b) and variety in the materials of the waste has 
continuously increased over the last two decades; simultaneously, the decomposability of consumed 
products has decreased. These trends indicate some of the challenges with which waste management is 
confronted. Furthermore, the structures used in end-of-pipe waste management should be regularly adapted 
based on changing technological options and context characteristics, e.g., climate change. This thesis aims at 
structuring these challenges and related strategic approaches. 

1.2.3 Conceptualization of waste management 

In this thesis, Swiss waste management is conceptualized as a socio-technical system, i.e., an exemplary 
human-environment system as introduced and defined in Scholz (in prep.). This integrative conceptualization 
is based on the fact that waste management is not just a technical problem but also a societal management 
problem that includes different societal hierarchies, i.e., including the individual, companies, and societal 
institutions from both the public and private sector. Material flows and technologies are part of a complex 
structure of socio-economic and political factors (Andrews, 2002; Ludwig et al., 2003; Schuebeler, 1997; 
Tchobanoglous & Keith, 2002). 

 

Figure 2. The conceptual framework for the socio-technical system “waste management” that is the basis for 
this thesis (MSW: Municipal solid waste, C&D: Construction and demolition waste, HAZ: Hazardous waste, 
SS: Sewage sludge). 

Figure 2 illustrates the conceptual framework of waste management used as the basis of the following 
analyses. Clearly, ‘classical’ waste management systems (i.e., waste processing that summarizes both the 
applied treatment options and final disposal, including transports) takes center stage as part of the whole 
resource lifecycle. This lifecycle interacts with the different subsystems of the environmental sphere through 
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a kind of metabolism, thereby creating the material and energetic basis for any consumption. Energy and 
materials are removed from the environment and after multi-stage transformation and consumption, are 
released back to the environment in the general form of eco- and human-toxic waste (e.g., heavy metals or 
greenhouse gas emissions). This interactive, ‘biophysical’ system is also in a complex interrelationship with 
the various domains of the ‘societal’ sphere (e.g., through policy incentives and market prices). 

1.3 Transition management for sustainable development 
This thesis addresses the sustainability transition within Swiss waste management. Therefore, after outlining 
the case for ‘Swiss waste management’, sustainable development (SD) and transition management, which are 
important, fundamental concepts for this thesis, will be introduced. 

1.3.1 Underlying concept of sustainable development 

Originally, as first mentioned by the Brundtland report, SD is about “meeting the needs of the present 
without compromising the ability of future generations to meet their own needs” (WCED, 1987, p.8). SD is 
often referred to as the ‘triple bottom line’ approach, which indicates that true sustainable development 
must consider not just the financial ‘bottom line’ of prosperity and profit but also other ‘bottom lines’, such 
as environmental quality and social equity (Elkington, 1994, 1999). The notion of SD has been further refined 
with the addition of systemic principles (Abaza & Baranzini, 2002; Clayton & Radcliffe, 1996; UN-DPI, 1993), 
which have been approved by an international survey of researchers investigating SD (Laws et al., 2004). In 
the following, we briefly list the characteristics that are considered crucial for this thesis: 

- Maintenance of a system within functional limits: This system dynamics perspective implies that 
understanding and managing the transition within human-environment systems toward SD should 
rely on a comprehensive, systemic approach. 

- Long-term orientation: This characteristic refers to the issue of intergenerational equity that was 
raised by the Brundtland report. This ensures the functionality of the human-environment systems 
in the long run in order to avoid compromising the abilities of future generations. 

- Ongoing societal inquiry: Sustainable development as an ongoing societal inquiry focuses on socially 
robust solutions. The involvement of multiple stakeholders is crucial. It centers on the integration of 
different types of knowledge, i.e., expertise (e.g., disciplines and systems), interests, and modes of 
thought (Scholz & Tietje, 2002), in order to get the ‘full system picture’. Stakeholder involvement 
further promotes capacity building, which is considered central with respect to SD. 

In summary, SD involves the long-term and socially accepted maintenance of human-environment systems 
within their functional limits. 

1.3.2 Transitions of socio-technical systems 

With respect to the outlined integrative conceptualization of waste management as well as the 
characteristics of SD, transition management can be considered an adequate approach to address 
sustainability challenges within complex socio-technical systems. A transition is defined as the large-scale, 
long-term development of a system in which some of its fundamental characteristics (e.g., technological 
entities, rules, norms, and knowledge) significantly change (Martens & Rotmans, 2005; Rotmans et al., 2001). 
The underlying mechanism of change is co-evolution, meaning that a transition is the result of a set of 
connected changes in several different subsystems (i.e., subsystem transitions). As displayed in Figure 3, 
transitions are normally induced by the shortcomings in the initial state of the system, which exerts pressure 
for change on the initial system configuration. In the case of waste management, for instance, such a 
shortcoming is the continuously increasing waste amounts, which cannot be adequately tackled by the 
existing scheme for managing waste.  

As further indicated in Figure 3, three exemplary types of transition processes (a, b, c) create different 
magnitudes of system change (Nill & Kemp, 2009; Smith et al., 2005; van Notten et al., 2005) (i.e., the 
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number of new system elements and the number of system elements with changed levels5). The first type (a) 
denotes incremental or continuous changes and refers to the optimization of the initial system 
configuration; i.e., the system is described by the same set of system elements but with changed levels 
(reproduction). The second type (b) denotes partially non-incremental or discontinuous changes and refers to 
a system change that is associated with a slight reconfiguration of the initial system configuration; i.e., few 
new system elements become part of the system, and some elements have changed their levels 
(transformation). Finally, the third type (c) is the deepest type and denotes non-incremental or discontinuous 
change that is associated with a fundamental reconfiguration of the initial system and is expressed by the 
emergence of many new system elements and strongly changed levels of the remaining elements (transition, 
see Geels & Kemp, 2007). 

On a conceptual level, the transition process is represented by the following four different phases (see 
Loorbach & Rotmans, 2006; Wiek, 2005; Wiek et al., 2006): (i) a predevelopment phase of dynamic equilibrium 
where the initial state does not visibly change but the shortcomings get recognized and the aspiration to 
solve these generally arises, (ii) a take-off phase in which some of the system’s fundamentals begin to change, 
gradually reinforcing each other, (iii) an acceleration phase in which the structural changes occur in a visible 
way by an accumulation and implementation of political, economic, institutional, and socio-cultural changes, 
and (iv) a stabilization phase where the speed of system change decreases, leading to the future system state 
in which the original shortcomings are resolved. 

 

 

Figure 3. Scheme of the transition management concept. 

                                                                            

5 The level denotes a possible state of a system element; e.g., waste treatment costs can be high or low. 
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Due to the complexity of change in socio-technical systems, transitions toward SD require a specific kind of 
intervention support, i.e., transition management. Key elements of transition management are as follows 
(Elzen & Wieczorek, 2005; Loorbach & Rotmans, 2006): 

- Comprehensive systems thinking that considers the factors of all domains involved in system 
change and the various actors of different hierarchy levels of the human system (Scholz, in prep.); 

- Long-term thinking as a framework for shaping short-term governance; 

- Setting short-term and long-term goals based on a vision for the transition; and 

- Collaboration, learning, and capacity building between stakeholder groups, i.e., governmental 
bodies, business, academia, interest groups, NGOs, and the public (van de Kerkhof & Wieczorek, 
2005). 

Referring to (Loorbach & Rotmans, 2006), transitions are not managed in a traditional sense through full 
control. The ambition of transition management rather lies in influencing and shaping the process of co-
evolution. Transition management is considered a cyclical and iterative process. It consists of the five stages: 
structuring, planning, implementing, monitoring, evaluating. Structuring principally includes, on the one 
hand, the problem identification and problem structuring, which aims at supporting goal formation as part 
of the second stage planning based on a sound understanding and representation of the initial system state. 
Its second aim is to pool and build commitment among key actors for the transition process, i.e., developing a 
transition arena (van de Kerkhof & Wieczorek, 2005). Planning refers to the development of a so-called 
transition agenda, outlining the process from goal formation, strategy formation and selection to concrete 
actions for system governance (Scholz, in prep.). Implementing represents the stage, in which the developed 
strategies and related actions are put into practice. Stage 4 monitoring and stage 5 evaluating refer to the 
success control of the measures taken. 

1.3.3 Integration and structuring of required knowledge 

SD and the transition management approach both emphasize the need for the integration of different types 
of knowledge (cf. below) into the decision making processes through stakeholder involvement (Kasemir et al., 
2003; van de Kerkhof & Wieczorek, 2005). This basically relates to two aspects. First, transitions toward SD 
address highly contextualized, complex real-world problems that require far more than traditional 
disciplinary approaches and necessitate a broad range of expertise. Second, SD aspires to yield socially robust 
and broadly accepted solutions to such problems. This requires the involvement of a wide range of 
stakeholders from both science and society in order to integrate this ‘socially distributed’ knowledge and the 
valuations of stakeholders in transition processes for SD (Gibbons et al., 2000; Nowotny et al., 2003; Ravetz, 
2006; Scholz, in prep.). 

Transdisciplinarity, which is defined as a specific type of knowledge production through the collaboration 
between science and society (Gibbons & Nowotny, 2001; Haeberli et al., 2001; Hirsch Hadorn et al., 2008; 
Scholz, in prep.; Scholz et al., 2000), provides an adequate means for coping with the characteristics 
associated with sustainability transitions (Scholz et al., 2009, cf. chapter 2). Transdisciplinarity also supports 
mutual learning processes among the involved stakeholders, thereby strongly contributing to societal 
capacity building (Eade, 1997; Reynolds et al., 2007), which is crucial for the successful management of such 
complex patterns of change in socio-technical systems (Scholz et al., 2009). 

Given the importance of stakeholder involvement in transition processes, an important aspect relates to the 
following questions: Which type of and whose knowledge is required for what tasks in the different stages of 
a transition management process, and how should this knowledge be integrated (i.e., what methodical 
approach should be used) (Krütli et al., 2006)? Regarding knowledge types, Scholz and Tietje (2002) 
distinguished between the basic dimensions of scientific discipline and system related expertise, interests, and 
modes of thought (i.e., intuitive versus analytical reasoning). A stakeholder can theoretically be any group or 
individual who can affect or is affected by the transition of the considered system (Freeman, 1984). The tasks 
can range from visionary strategic planning in the initial project phases structuring and planning (cf. 1.3.2) to 
the assessment of concrete measures. Finally, a broad spectrum of different participatory methods is 
available and directed at the involvement of stakeholders (see for instance Rowe & Frewer, 2000, 2005; van 
Asselt & Rijkens-Klomp, 2002). 
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1.4 Contributions of the thesis 
This doctoral thesis addresses the initial phases (i.e., the structuring and planning) of the upcoming 
transition toward sustainable development for Swiss waste management. Its overall aim is to provide 
transition support by developing comprehensive orientation for the transition process on the strategic level and 
by building capacity for problem solving in the subsequent stages of transition management (cf. Kemp et al., 
2007; Loorbach & van Raak, 2005). 

Due to its complex and strategic character, this task was addressed by means of integrating and structuring 
the knowledge of experts6 who are considered to play decisive, strategic roles in the transition process. The 
thesis was part of a collaborative planning process that was initiated by Swiss policymakers, i.e., the Federal 
Office for the Environment (FOEN), the environmental protection agency of Canton Zurich (AWEL), and the 
association of operators of Swiss waste treatment facilities (VBSA), in conjunction with ETH Zurich. The goal 
of the process was to develop strategic fundamentals for future waste policy to address the challenges (cf. 
1.2.3) outlined by SD. 

Table 1 gives an overview of the four papers from the doctoral thesis and places them according to both the 
addressed transition type and the respective focus on waste management, i.e., type of processing and 
considered waste fraction(s). 

Table 1. The research contributions of the four papers addressed by the doctoral thesis 

  Transition types 

  Reproduction (a) Transformation (b) Transition (c) 

Overall resource lifecycle   1 & 2 

C&D waste & recycling 3   

W
as

te
 m

an
ag

em
en

t f
oc

us
 

MSW, C&D waste, sewage sludge 
& thermal processing 

 4  

 

The first part of this thesis, consisting of the first two papers, approaches the structuring of the sustainability 
transition of the entire waste management system, including the upstream phases of the resource lifecycle. 
On one hand, it aims at framing Swiss waste management’s transition by developing long-term orientation 
for transition management (i.e., transition vision) and a prioritization of related strategic fields of action to be 
more specifically dealt with in the subsequent planning stage. On the other hand, it served to pool the key 
actors for the following stages of transition management. The second part, consisting of the papers 3 and 4, 
builds upon the first part. It aims at elaborating more detailed orientation for strategy development for two 
selected subsystem transitions (i.e., C&D waste management and thermal waste management) that were 
deemed important in the previous part from a short- to mid-term transition perspective. 

                                                                            

6 Experts are not restricted to scientific experts but also include so-called professional stakeholders (cf. 
Chilvers, 2007) from public, private, and voluntary organizations (Mieg, 2000; Mieg, 2001). We define an 
expert as someone who, based on long-term experience, possesses domain specific knowledge (Mieg & 
Näf, 2006) and specific interests. 
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1.4.1 Paper 1: “Problem structuring for transitions: The case of Swiss waste management” 

 Accepted in the Journal ‘Futures’ (Elsevier) 

i) Focus of the study (cf. Table. 1): 

Thematic focus: Entire Swiss waste management embedded in the lifecycle of resources 

Transition management focus: Stage: structuring; Type: transition (type c) 

ii) Goal and content 

The first paper of the thesis makes a methodological contribution to the initial stage of transition 
management, i.e., structuring. It presents the conceptual basics of the specifically developed structuring for 
complex transitions (SCT) procedure for collaborative knowledge integration. It is a highly structured 
procedure that accesses the expertise and interests of key experts in order to identify, prioritize, and structure 
transition issues within a complex socio-technical system. The procedure was aligned to the following three 
key requirements that were derived from the ambition to adequately consider the required expertise and 
interests: (i) selection of an appropriate expert group with the required expertise and interests; (ii) 
involvement and efficient organization of large expert group, which is necessary given the wide range of 
expertise and interests related to transitions of socio-technical systems; and (iii) integration of both 
qualitative and quantitative knowledge in a formal and highly structured way. The paper shows how these 
requirements were met by the SCT procedure and discusses the procedure’s appropriateness with respect to 
these requirements. 

iii) Rationale 

The structuring of the problems within the system that must be transformed and related strategic 
discussions based on a sound system understanding are issues that are often inadequately considered in 
complex problem solving regardless of the fact that they are highly important with respect to coordinated 
and efficient problem solving by establishing the basis for purposeful and coordinated strategy formation. 

1.4.2 Paper 2: “Transition priorities for sustainable Swiss waste management: Outcomes from an expert-
workshop” 

 Submitted to the Journal ‘Resources, Conservation and Recycling’ (Elsevier) 

i) Focus of the study 

cf. 1.4.1 

ii) Goal and content 

The second paper presents the results of the application of the SCT procedure to the upcoming sustainability 
transition of Swiss waste management. Departing from an analysis of historical waste management 
transitions in Switzerland and a characterization of current Swiss waste management, this paper addressed 
the following research questions: (i) What do Swiss leading experts consider the new transition paradigm 
providing long-term guidance for the upcoming transition of Swiss waste management toward sustainable 
development; (ii) which context factors affect this transition; and (iii) what are the crucial strategic issues in 
the various domains of Swiss waste management related to this new paradigm? 

iii) Rationale 

cf. 1.4.1 

1.4.3 Paper 3: “Expert-based scenarios for strategic waste and resource management planning: C&D waste 
recycling in the Canton of Zurich, Switzerland” 

 Accepted in the Journal ‘Resources, Conservation and Recycling’ (Elsevier) 

i) Focus of the study 

Thematic focus: Recycling of mineral C&D waste 

Transition management focus: Stage: structuring & planning; Type: reproduction (type a) 
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ii) Goal and content 

The third paper presents an expert knowledge based formative scenario analysis (FSA) of the recycling market 
of mineral construction materials in the Canton of Zurich. Due to an expected increase of deconstruction 
activities in conjunction with a demand shift from civil to structural engineering, an insufficient demand for 
recycled mineral construction materials is foreshadowed in the mid-term future, jeopardizing the exemplary 
recycling rate for C&D waste. For the prospective analysis of this situation from a strategic planning 
perspective in the Canton of Zurich, the paper approached the following research questions: (i) Which system 
elements of the current “C&D waste recycling” system and interrelations among them are crucial for a 
functioning recycling market in the mid- to long-term future; (ii) what future states (scenarios), and 
corresponding recycling rates, can result from different constellations of these system elements in the mid- 
to long-term future; (iii) what are potential barriers for the recycling of C&D waste and related strategic 
issues to overcome these? The paper further discusses the role in and the adequacy of FSA strategic waste 
and resource management planning. 

iii) Rationale 

Sufficient demand for recycled materials/products is a key requirement for functioning recycling schemes. 
Although the recycling of C&D waste currently works fairly well in Swiss waste management (cf. 1.2.2), 
securing future demand for recycled products is considered important for sustainable waste management, 
especially in the case of such a bulky waste fractions and the limited landfill volumes in Switzerland. The 
analysis of the future development of markets for recycled products and related strategic orientations on 
how to assure or increase current recycling rates are crucial issues with regard to the sustainability transition 
of Swiss waste management. 

1.4.4 Paper 4: “Technological change in Swiss thermal waste treatment: A expert-based socio-technical 
analysis” 

 Submitted to the Journal ‘Waste Management’ (Elsevier) 

i) Focus of the study 

Thematic focus: Thermal waste processing 

Transition management focus: Stage: structuring & planning; Type: transformation (type b) 

ii) Goal and content 

The fourth paper presents a comprehensive, retrospective socio-technical analysis of technological change in 
the field of Swiss thermal waste processing. The analysis focused on the integration and structuring of the 
knowledge of experts in order to discover why alternative technologies that are expected to mitigate the 
problem of insufficient residue quality have not entered the Swiss market. The paper addresses the following 
research questions: i) What requirements should a new thermal treatment technology ideally fulfill as part of 
integrated waste management committed to sustainable development; ii) which factors affect technological 
change in Swiss thermal waste processing, and how can they be purposefully structured in a theoretical 
framework; iii) Which factors and configurations promoted or inhibited technological change with respect to 
specific technological options? Understanding these patterns provides a sound basis for future strategy 
development by generating insight into the factors that are decisive in managing technology-driven 
transformation processes. 

iii) Rationale 

The disposal of residues from thermal waste processing strongly contradicts the standards set in the Swiss 
waste management guidelines, which demand that the chemical character of disposed matter is similar to 
that of the earth’s crust. Thermal residue disposal is one of the major end-of-pipe related problems in Swiss 
waste management. On one hand, the residues pose potential long-term risks to the environment and 
human health. On the other hand, their disposal leads to a considerable loss of valuable metals, which must 
be replaced through energy intensive primary production. Although increased concerns of Swiss politicians 
have led to the examination of alternative technologies, none of these technologies have been introduced to 
the market. 
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2 Problem structuring for transitions: The case of Swiss 
waste management 

Scholz, R.W., Spoerri, A. & Lang, D.J. (2009). Futures, 41, 171-181. 

Abstract 
Transdisciplinarity is considered an appropriate approach in supporting transitions of complex socio-
technical systems as such transitions demand highly contextualized real world knowledge and valuations. 
This holds especially true for the problem identification and structuring (initial) phase of a transition project, 
which aims at supporting goal formation based on a sound understanding and representation of the 
system’s current state and its dynamics. Throughout this phase, it is important that all relevant perspectives 
in terms of expertise and interests are considered and adequately fed into a process of knowledge 
integration. This paper presents in its first part the structuring for complex transitions (SCT) procedure 
aiming at this requirement. The procedure has been specifically designed for problem structuring in socio-
technical systems in the initial phase of a transition project. The results of the procedure provide sound 
inputs for the next project phases and the transition methods applied therein, but can themselves already be 
used as fruitful orientations in strategy development. The second part of the paper briefly outlines the 
application of the SCT procedure to Swiss waste management. This application involved 48 participants who 
reached consensus on relevant impact factors and developed a shared vision for managing a complex 
transition process in the area of waste management. The approach is marked by high feasibility and socially 
robust results. 

2.1 Introduction 
Transitions of socio-technical systems [1–3], defined as structured developments from one system state to 
another [4–7], have attracted increasing attention in discussions on how to attain sustainable development 
[8,9]. Due to the complexity of the systems under consideration, goal formation and transitions towards 
sustainable development require a specific kind of intervention support, namely, transition management. As 
such an integrative approach necessarily relies on comprehensive systems thinking, the consideration of 
multiple factors and actors from various domains [10] and on different scales [3,11] are key attributes of 
transition management [4,5]. In other words, it can benefit from transdisciplinarity, which is defined as a 
specific type of knowledge production [12] resulting from the collaboration between scientists and those 
outside academia [13]. Transdisciplinarity is considered particularly appropriate when coping with complex 
societal problems in terms of sustainable development [14–18], as these problems demand highly 
contextualized real world knowledge and valuations. 

Transition projects for sustainable development and the ambition of transdisciplinarity to stimulate a 
process of mutual learning between society and science imply knowledge integration through joint analysis 
and transformation of perceived problems. This, in particular, implies organizing the collaboration between 
scientists and non-scientists [5,10,19–21]. 

According to van Asselt and Rijkens-Klomp [22] participatory and transdisciplinary methods can generally be 
applied for two distinct purposes, namely (i) to map out diversity between actors’ perspectives or (ii) to reach 
consensus. There are various participatory and transdisciplinary methods available for both purposes, such as 
a scientist-stakeholder workshop designed to bridge the theory-practice gap [23] or a consensus conference 
[24]. In many situations, it is, however, most promising to apply an approach that combines both purposes: 
first, the diversity of perspectives is mapped out, then differences are explained and discussed, and finally 
converged to shared perspectives [25,26]. This holds especially true for the initial phase of many transition 
management projects. The initial phase aims at developing a sound understanding and representation of the 
system’s current state from a problem-oriented point of view, including those aspects that are relevant for 
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system change [10,20,27,28]. In addition, the elaboration of a shared vision on the overall direction or the 
targeted state of the transition process is also considered relevant in the initial phase [5,10]. 

A crucial aspect of this process is to assure that all relevant perspectives on the system and their related 
problems are considered and appropriately fed into a knowledge integration procedure [5,10,27]. Three 
requirements for a knowledge integration procedure in the initial project phase can be postulated. First, an 
appropriate pool of participants with the required expertise and interests must be selected [5,10]. Second, the 
wide range of expertise and interests related to complex socio-technical systems’ transitions results in a large 
number of participants, who have to be involved and efficiently organised. Third, the knowledge integration 
procedure must be formal as well as highly structured and should allow for integrating qualitative as well as 
quantitative knowledge [20]. 

In the fields of transdisciplinary and transition research there are many studies (cf. references above) that 
mention the importance of structured and formal approaches in the initial project phase. However, there is a 
lack of experience with and consensus on the techniques deemed appropriate for realising and organising 
such approaches [30–32]. This is particularly true if the complexity of the transition problem requires 
involving large groups. 

In this paper we present a knowledge integration procedure involving large expert groups called the 
structuring for complex transitions (SCT) procedure, which has been specifically developed for structuring 
problems in socio-technical systems in the initial phase of a transdisciplinary transition project. It combines 
divergent and convergent elements and proposes some solutions to the methodological requirements 
mentioned above. The SCT procedure has been applied in the practical context of Swiss waste management, 
which is used as an explanatory example. 

The paper starts with a general description of the proposed procedure, followed by an illustration of its 
application and results for the case of Swiss waste management. A reliability analysis performed to evaluate 
the robustness of the results is also included. Finally, we discuss the suggested procedure by referring to the 
requirements delineated above, provide a brief methodological context and show how the results can be 
linked to the next steps of a transdisciplinary transition project. 

2.2 Structuring for complex transitions (SCT) procedure  
The SCT procedure is a specifically developed knowledge integration procedure for structuring transitions of 
socio-technical systems in a transdisciplinary setting. It is a formal and highly structured procedure, which 
organizes collaboration among a large group of system experts [33]. The procedure aims at identifying, 
prioritizing and structuring the most relevant impact factors for the transition of a socio-technical system 
relying on the groups’ knowledge and perspectives. As part of this, an impact factor  d  is defined as a system 
element that affects the system behavior, mutually influences other system elements [7,20] and, thus, needs 
to be considered in the system’s transition. The SCT procedure is structured according to the three phases (a) 
preparation, (b) elicitation, and (c) post-elicitation (see Figure 1), which also underlie other knowledge 
integration procedures [34,35]. The knowledge of the various experts is elicited and integrated in workshop 
sessions during the elicitation phase, which is embedded in a preparation and post-elicitation phase. The 
steps involved in the latter two phases are carried out by a project steering board potentially assisted by a 
commissioned facilitator. In general, this steering board should include representatives from different 
relevant stakeholder groups. 

2.2.1 Preparation  

The preparation phase includes all activities that serve to prepare a structured and efficient brief symposium 
of, for instance, 1 day, in which the participatory knowledge integration takes place (elicitation phase). It 
starts with an analytical decomposition of the socio-technical system into facets, i.e. analytical domains/foci 
that best allow for a sufficient investigation of the system with respect to a previously defined guiding 
question [36] (Step a-1). The decomposition has to rely on a sound, experiential understanding of the system, 
the relevant domains for system change and the system’s context [20]. Consideration of the context is crucial 
in the decomposition step as transition processes are strongly embedded in constraints of the wider 
exogenous environment, which affect the socio-technical development [2]. In parallel to this decomposition, 
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the stakeholder groups representing specific interests relevant to the socio-technical system are determined 
(Step a-2). 

 

Figure 1. Procedural scheme of the SCT procedure. Overview of the three phases (upper row) and the 
corresponding steps (middle row) taking place in each phase (the dashed arrows indicate iteration between 
steps. 

Step a-3 involves (i) the identification of a set of possible participants and (ii) the final selection of a group of 
participants who cover the required expertise (outlined by the facets) and interests related to the system’s 
transition as appropriately as possible. Participant identification relies on the following basic criteria, which 
potential participants have to fulfill. First, they should have salient experience in the system under 
investigation and hold an executive position within their institutions. Second, they need to be visionaries, 
able to look beyond their own domain or working area, be open-minded and socially compatible [5,10,20]. 
From the pool of potential participants for each facet, those are selected for the elicitation who as a subgroup 
of six to eight participants represent the required expertise (outlined by the facet) and interests best. The 
experts of one group should complement each other but should also be substitutable to a certain degree, in 
the sense that robust and satisfactory knowledge would be available, even if one of the group members were 
to be absent. 

Finally the participants are provided with specific information material for the preparation of the elicitation 
phase. The information material should include definitions of key concepts and a description of the status 
quo of the considered facets. Further, it should outline relevant context developments and possible 
innovations that may affect the socio-technical system’s transition. 

2.2.2 Elicitation  

The elicitation is the central phase of the SCT procedure. During the brief symposium, eliciting and 
integrating knowledge is organized in the form of several workshops of participant subgroups, each dealing 
with a particular facet. The workshops are structured according to four partially iterative steps. If the 
understanding of the system or its transition requires specific data or information, selected experts can 
provide short keynote inputs on the facets. 

Step b-1 aims at mapping out diversity. Each expert anonymously defines a few, e.g. four (original) impact 
factors, denoted as   d0 , drawing upon his or her individual perspective. These factors represent what the 

individual expert considers most relevant for system change from the facet’s perspective. The impact factors 
of all experts participating in the facet workshop are collected by the facilitator and, in Step b-2, interactively 
clarified with respect to ambiguities and grouped according to thematic similarity. The pattern of these 
grouped original impact factors forms the basis for the next step, which is Step b-1 revisited. After seeing the 
list of all impact factors and their arrangement in groups, each expert is allowed to nominate one (or more) 
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additional impact factor(s) in order to complement the grouped list of impact factors generated in the 
previous step (iteration). Back in Step b-2, each group of similar impact factors can be replaced by a generic 
impact factor 

 
dg  summarizing the content of the original impact factors of the group. This happens 

interactively, allowing each participant to formulate his or her arguments, as it is important that every 
participant’s ideas are appropriately reflected in the resulting set of impact factors. This set usually consists 
of 10–15 generic impact factors. In Step b-3 the generic impact factors are individually prioritized. As 
transitions are assumed to result from both short-and long-term developments [5–7,37,38], this prioritization 
takes place regarding both short-and long-term transition perspectives. This can, for example, be done by 
providing each participant with a defined number of relevance points, which he or she can then allocate to 
the impact factors. As this step aims at clearly pointing out the participants’ priorities, the number of 
available relevance points should be smaller than the number of impact factors to be prioritized (we suggest 
that the number of relevance points provided should be about half the number of generic impact factors). 
Each participant allocates the relevance points to the impact factors without constraints. The individual 
priorities are then aggregated to an overall priority score (Step b-4). 

During each facet workshop it is important to record the qualitative information provided by the interaction 
among the participants. This mainly includes propositions on the role of the impact factors or interrelations 
between them. Based on the list of impact factors, theirs priorities, and the qualitative information, the facet 
workshop ends with the joint elaboration of a summary statement, which is provided to and discussed with 
the other participants of the symposium in plenary sessions. Based on the summary statements of all facet 
workshops, the participants, while guided by a moderator, extract a vision for the whole transition process 
during the closing plenary session. This vision outlines a kind of ideal picture of the investigated socio-
technical system and provides a guide and frame for target-setting and problem solving in the transition 
process [8,38–40]. 

2.2.3 Post-elicitation 

The post-elicitation aims at synthesizing the results of all facet workshops under the perspective of the 
transition of the entire socio-technical system. The necessary steps can be carried out by the members of the 
steering board or by facilitators assisting the steering board. 

Step c-1 includes the adjustment of the impact factors as well as the standardization of the priority 
judgments. Adjusting the impact factors means harmonizing their notations and levels of abstraction. In 
general, this should be based on procedures applied in qualitative content analysis [41], in particular 
differentiation and integration. Differentiation decreases the level of abstraction by splitting up a too general 
impact factor, whereas integration denotes the opposite. Both differentiation and integration should be 
based on the underlying (original) impact factors   d0  and on the recorded qualitative information. The 

number of experts and prioritized impact factors can differ slightly among the facets, which means that a 

standardization of the priority judgments is necessary. The standardized, facet-related priority 
  
P(da, j

x )  of an 

(adjusted) impact factor 
  
da, j

x , where  x  denotes the facet and  j  the total number of impact factors on the 

facet, is calculated by: 

  

P(da, j
x )=

p(da, j
x )

p(da, j
x )

j=1

n

∑
(1)  

In a further step, the standardized priorities of impact factors that characterize more than one facet are 
summed over all n facets so that 

  
P(da, j )  represents the total priority of one impact factor, for the whole 

socio-technical system: 

  
P(da, j )= P(da, j

x )
x=1

n

∑ (2)  

In Step c-2 the impact factors are structured according to a transition centered multi-level conceptualization 
of sociotechnical systems, which distinguishes between a micro (technological niches), meso (socio-technical 
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regimes), and macrolevel (socio-technical landscape or context) [2,3]. This conceptualization assumes that a 
fundamental change (transition) of a socio-technical system is reflected in changes within the socio-technical 
regimes, which are induced and fostered by certain developments and constellations on both the micro and 
macro-level (for further discussions on this issue cf. [9,42]). The elaborated vision and all impact factors, with 
their assigned and adjusted short and long-term priorities, allocated to the levels of the socio-technical 
systems distinguished, represent the final SCT results. The quality of the SCT results can be checked by a 
subsequent reliability analysis. 

2.3 Application to Swiss waste management  
In the following section we briefly present the first practical application of the SCT procedure to the case of 
Swiss waste management (for a more detailed description of the results, see Spoerri et al. [43]). 

Past and current waste management in Switzerland has been strongly affected by the guidelines on Swiss 
waste management published in 1986 [44]. The environmental risks at that time, which raised public 
awareness, led waste policy to focus on controlling direct environmental impacts caused by waste treatment 
and final disposal processes [45,46]. In addition, material recovery through recycling was encouraged through 
the provision of widespread infrastructures, information, and financial incentives [47]. More recently, the 
direct ecological problems caused by end-of-pipe waste management have increasingly been overcome, and 
the optimization of the entire system in terms of sustainable development has become the major future 
challenge [45,46]. Thus, the Federal Office for the Environment (FOEN), the Cantonal Environmental 
Protection Agency of Zurich (Amt für Abfall, Wasser, Energie und Luft, AWEL), the Association of Operators of 
Swiss Waste Treatment Plants (Verband der Betreiber und Betriebsleiter Schweizerischer 
Abfallbehandlungsanlagen, VBSA), and the ETH Zurich, Natural and Social Science Interface (ETH-NSSI), 
initialized the transdisciplinary transition project ‘‘Management of Options for Sustainable Waste 
Management in Switzerland (Options-Management Nachhaltige Abfallwirtschaft, OMNA).’’ The project’s 
overarching goal has been to provide strategic orientations for the transition toward sustainable waste 
management in Switzerland. The SCT procedure was applied in the initial phase of a comprehensive planning 
process and should create orientations that go beyond the solving of the scheduled everyday problems. The 
latter was often the case in previous planning endeavours. 

2.3.1 Illustration of the procedure  

The project steering board consisted of nine representatives of the institutions involved – four from the 
cantonal and federal government agencies mentioned (FOEN, AWEL), one from VBSA, and four from ETH-
NSSI. Figure 2 summarizes the practical application of the SCT procedure by referring to the theoretical steps 
introduced in the preceding section. 

2.3.1.1 Preparation  

The analytical decomposition yielded nine different facets (material flows, technology, risk, logistics, policy 
and law, economy, actors, culture and behavior, and international context). In addition, a so-called joker facet 
was defined. This facet was defined to give the selected experts the opportunity to add a missing analytical 
focus in the elicitation phase. In addition to the nine facets, the steering board identified the following 
stakeholder groups, representing different interests, as being relevant for knowledge integration: 
governmental agencies, business branches, pressure groups, scientific institutions, and NGOs. From the large 
pool of potential participants identified by the steering board, using the criteria mentioned in conjunction 
with a snowball approach, 37 participants (seven from governmental agencies, 12 from business branches, 
seven from pressure groups, eight from scientific institutions, and three from NGOs) were selected to 
participate in the symposium of the elicitation phase. All participants received a specific booklet that included 
relevant information for the different facets and context developments, such as energy perspectives and 
expected consumption trends. This booklet was sent to the participants before the symposium to guide and 
facilitate their individual preparation. 

2.3.1.2 Elicitation  

The elicitation was arranged as a 1-day symposium. It started with a first plenary session recapitulating the 
goal of the symposium and providing keynotes on the facets that were tackled in a first round of facet 
workshops. Each facet workshop was scheduled for 90 min. A second, mid-symposium plenary session after 
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the first round of workshops served to recapitulate the first workshop session and introduce a second session 
of facet workshops. The symposium closed with a final plenary session, in which the summary statements of 
each facet workshop were presented to and discussed with all participants and a vision for the transition 
process was specified. 

The workshop procedure is illustrated below by means of the exemplary facet ‘‘material flows’’, which was 
tackled by a subgroup of eight participants. Step b-1 resulted in the nomination of 37 original impact factors 

  (d0 ) , which were reduced to 13 generic ones 
  
(dg )  by grouping and abstraction (Step b-2). Examples of 

original impact factors are ‘‘lifecycle thinking’’ and ‘‘product design’’, which were merged into the generic 
impact factor ‘‘ecological product and system design’’. For the prioritization (Step b-3) each participant had a 
total of five relevance points referring to the short-term and five referring to the long-term transition 
perspective at his/her disposal and could allocate them to the 13 generic impact factors (cumulating the 
points referring to one time horizon was possible). The workshop ended with the joint extraction of the 
following summary statement: ‘‘Swiss waste management undergoes and pursues a paradigm change from 
end-of-pipe process optimizations to a prospective life cycle based material flow management.’’ 

 

Figure 2. Illustration of the practical application of the SCT prcedure to Swiss waste management (the left 
column shows the general procedural steps; the right column summarizes how these steps were practically 
applied to Swiss waste management). 

2.3.1.3 Post-elicitation  

The post-elicitation phase aimed at synthesizing the results of the nine facet workshops. In this phase further 
adjustments of abstraction levels of the impact factors among the facets were necessary (Step c-1). In the 
exemplary facet ‘‘material flows’’ the generic impact factor ‘‘waste treatment and logistics’’, for instance, was 
differentiated into the two impact factors ‘‘waste treatment’’ and ‘‘waste logistics’’, as the two impact factors 
were considered to be significantly different elements and were kept apart in another facet. The priority score 
of the original generic impact factor was thereby simply re-assigned with the same values to the two new 
ones. Complementary to differentiation, the specific impact factor ‘‘type and abundance of waste’’ was 
integrated into ‘‘system understanding’’, of which it was considered one particular aspect. As both impact 
factors characterized the facet ‘‘material flows’’, their relevance points were simply totaled. When the 
integration involved two impact factors of different facets, the relevance score of both impact factors 
remained unchanged on the facets respectively. For instance, the previously mentioned impact factor 
‘‘ecological product and system design’’ was integrated into ‘‘ecodesign’’, which was identified in another 



Paper 1: Problem structuring for transitions 

 21 

facet workshop. The impact factor priorities for each facet were standardized according to Eq. (1). Afterwards 
the priorities of identical impact factors that occurred on different facets were summed and, finally, the 
impact factors were assigned to the three levels involved in socio-technical systems’ transitions. 

2.3.2 Illustration of the results  

In the following subsection an excerpt of the most important final results from the application of the SCT 
procedure to Swiss waste management is presented.  

2.3.2.1 Vision and impact factors characterizing the transition to sustainable Swiss waste management  

The nine facet workshops yielded 10–14 impact factors per facet, which corresponded to 109 impact factors in 
total. After adjustment in the post-elicitation phase, the 109 impact factors were reduced to 34. Figure 3 
presents the 17 impact factors that were considered most important (importance measured by the sum of 
short-and long-term priority scores) for the transition of the Swiss waste management system towards 
sustainable development. Figure 3 also includes the structuring of the impact factors according to the system 
levels micro-, meso-, macro-level. Based on these results and the summary statements of the nine facets the 
following vision for the transition process could be specified: ‘‘Future waste management applies a life cycle 
approach and considers all dimensions of sustainable development (i.e., ecological, economic, socio-cultural) 
in order to (i) significantly reduce material intensities without limiting the  satisfaction of needs, (ii) profitably 
recycle the generated waste to a large extent, (iii) economically treat non-recycled waste and at minimum 
risk for humans and the environment, and (iv) safely dispose unproblematic waste and treatment residues.’’ 

 

Figure 3. Grid of short- 
  
P0(da, j )  and long-term priorities 

  
Pl (da, j )  of the ‘top-seventeen’ adjusted impact 

factors. The different markers indicate different levels of the socio-technical system (: guiding idea; : 
macro level; : meso level; : micro level; the long dashed line subdivides the figure into a more short-term 
and long-term oriented area of impact factors; the short dashed lines indicate constant values of the sum of 
short- and long-term priority scores). 

Combined with the qualitative information gathered during the symposium, the results can be briefly 
interpreted as follows. Within the socio-technical regimes (meso-level), legal aspects play a crucial role. 
Besides the implemented laws, questions related to liberalization or public service and competence-sharing 
among federation, cantons, and communities, as well as consistency in executing laws and regulations are 
crucial aspects to be considered in the transition process. Other factors are related to claims of economic 
efficiency and disposal security, as well as to people’s behavioral attitudes, such as consumer behavior. The 
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context (macro-level) is mainly characterized by an international dimension. According to the experts’ 
judgments, the legislation of foreign countries (in particular that of the European Union) has a strong impact 
on Swiss legislation. Further, national economic growth and environmental pressures (e.g. long-term risks, 
scarcity of resources) affect Swiss waste management’s transition to sustainable development. Impact 
factors from the engineering/technological domain (micro-level) strongly relate to efficiency improvements 
in waste logistics and innovations in waste treatment options. In the short-term it seems crucial to solve the 
quality problem of incinerator residues and to enhance the end-of-pipe recovery of scarce and/or human or 
ecotoxic substances. The ecodesign concept is more focused on the long-term perspective and aims at 
minimizing the entire impact of products/systems/services on the environment during the whole product 
lifecycle. 

2.3.2.2 Reliability  

Analyzing the reliability of the results gained in transdisciplinary project settings is a crucial aspect, as one of 
the central aims of transdisciplinarity is to reach what has been called socially robust and scientifically 
reliable results [18–20,27]. A reliability analysis can rely on a retest setting among the participants (i.e., intra-
rater reliability). Another option is that the results of a separate survey of different experts, e.g. those that 
could not attend the symposium for some reason or those who were not invited – are compared with the 
results of the workshops (inter-rater reliability). Both types of analysis can be accomplished by questionnaire 
[48]. As the conditions in the survey differ from those in the workshop, i.e., individual desk study vs. working 
under time constraints in interactive groups – the retest reliability should be assessed based on specific 
criteria, such as those provided by Lienert and Raatz [48]. 

For the reliability analysis in the case of the SCT application described above, 40 different waste management 
specialists as well as the 37 participants were involved. From the latter pool, 18 participants returned the 
questionnaire, whereas from the former pool only 11 out of 40 did so. Thus, here, we only report the reliability 
measures gained through comparing the impact factor priorities 

  
P(da, j )  assigned by the participants during 

the symposium   (N = 35)  with all those that were assigned in the questionnaire survey of all respondents 

  (N = 29)  (‘‘hybrid form’’ of inter-and intra-rater reliability). The experts were provided with the set of generic 
impact factors of the two facet-workshops they had participated in during the symposium (symposium 
participants) or they were assigned to based on their professional background and judged the priority in the 
same way as in the workshops of the symposium. The impact factors and theirs priorities were processed in 
the same way as the results of the facet workshops, i.e., the impact factors and priorities were adjusted and 
priorities were standardized and finally summed. The correlation coefficients among the priority scores of the 
generic 34 adjusted impact factors range from 0.91 to 0.95 depending on whether the short-or long-term 
priorities were analyzed. These coefficients indicate high reliability and social robustness of the impact factor 
priorities. 

2.3.2.3 Outcomes of the SCT procedure in brief  

Clearly, quantitatively measuring the impacts of this transdisciplinary project is difficult or even impossible 
[49]. A causal attribution of occurred changes in waste management to the symposium seems not feasible. 
Thus, the following report is subjective. However, it relies on a survey that included all members of the 
steering board and was conducted three and a half years after the workshop. It therefore presents a shared 
view of all nine members. 

In the preparation phase the steering board developed (i) a decomposition of the complex socio-technical 
system of Swiss waste management into the nine facets mentioned. During the elicitation phase the experts 
generated for each facet (ii) a list of 10–14 impact factors as well as qualitative statements on the role of 
these factors and on their interactions in the Swiss waste management system. Furthermore, the experts 
assigned (iii) priority scores to the impact factors with respect to their short-and long-term priority for the 
transition of Swiss waste management towards sustainable development. In the postelicitation phase a 
facilitator (employed by the steering board) constructed (iv) a harmonized set of impact factors via 
differentiation and integration and calculated their short-and long-term priority scores for the entire Swiss 
waste management system. 

Furthermore, the entire SCT procedure, including the reliability study of the post-elicitation phase, helped 
form a framework for the transition management process. This also can be identified as the transition arena 
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[5,10]. The applied collaborative setting first established a dialog and a mutual learning process among at 
least 48 participants who represented a broad spectrum of expertise (e.g., science or practice based) and 
interests. Second, the setting built a shared understanding of the future strategic directions (i.e., vision, 
summary statements) and related problem-solving priorities (i.e., prioritized impact factors) for managing 
the transition process. Thus, the SCT procedure stimulated capacity building for future joint problem-solving 
and shaped societal acceptance [16,20]. This is underlined by a joint statement from two leading Swiss waste 
officials saying that ‘‘the procedural impacts of applying the SCT procedure to Swiss waste management are 
just as important as the elaborated results. The collaborative discourse and consensus on goals and priorities 
strongly fostered the acceptance of the regulating bodies and shaped a ‘societal problem-solving 
environment’, which today is a basic prerequisite for successful problem-solving’’ (F. Adam and H.P. Fahrni, 
personal communication, February 21, 2008). 

As confirmed by the participating experts and the members of the steering board, the outcomes of the SCT 
procedure have been prominently introduced to other projects and national panels that are dealing with the 
development of new guidelines for Swiss waste management. For instance, the summary statements and 
the elaborated vision led to the expansion of the focus of the Swiss waste management policy. This is also 
represented by a change of name of the ‘‘waste’’ division of the Swiss environmental protection agency 
(FOEN) to the ‘‘waste and raw materials’’ division. Furthermore, the SCT procedure is acknowledged as 
meritorious by the steering board members’ intention to adapt the SCT procedure to another case, such as 
nuclear waste management. 

Other projects have been shaped and affected by the outcomes of the SCT procedure. For instance, a project 
in the Canton of Zurich investigated the future management of the mineral waste fractions. The project 
applied an expert-based scenario approach focusing on the question of how to ensure further the sufficient 
recycling of minerals from construction and demolition in the next 15 years. A mid-to long-term perspective 
was taken for modeling demand shifts between civil and structural engineering [50]. The impact factors used 
for the scenario construction also referred to those generated in the reported SCT procedure. Further, a 
national project on resource scarcity has emerged as a result of the SCT procedure. One prominent 
component within the latter project was an international expert workshop in which 10 world-leading 
specialists jointly structured the field of Mineral Raw Material scarcity [51]. 

2.4 Summary and conclusions  
The paper introduced and illustrated the SCT procedure, which has been specifically developed for structuring 
socio-technical systems in the initial phase (problem/system structuring) of transdisciplinary transition 
projects for sustainable development. It is a formal and highly structured knowledge integration procedure 
involving large groups of system experts. In the beginning we proposed three requirements that such a 
procedure should meet. Below we discuss how the SCT procedure can contribute to meeting these 
requirements. Afterwards, we discuss the procedure in comparison to other methods and finally outline its 
contribution to further transition methods. 

With regard to the first requirement, which is the selection of a suitable expert group, the applied 
identification and selection process provides a feasible and criteria-driven approach to ending up with a 
group of participants that is appropriate with regard to the required expertise and interests. The basic criteria 
applied for expert identification assure that the participants will be able to contribute to structuring the 
transition process, which is in line with the requirement of homogeneity expressed in the transition 
management literature [5,10]. The final selection of the participants is driven by the goal of (i) covering the 
crucial knowledge with respect to the different facets relevant for transition, and (ii) including the interests 
related to the system under investigation. In so doing, it helps to achieve an adequate degree of 
heterogeneity within the group [10,19]. Similar approaches, relying on an expertise-interest matrix, have also 
been proposed by Susskind et al. [52] and Pohl and Hirsch Hadorn [27]. 

The second requirement is related to the complex character of socio-technical systems transitions, which 
makes it necessary to effectively integrate the knowledge of a large group of experts in order to have all 
relevant expertise and interests considered. Increasing negative group dynamics with increasing numbers of 
participants may, however, diminish a group’s problem solving ability. This problem is tackled in several 
studies, mainly from the field of large group intervention methods in operational research [53–55]. In the SCT 
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procedure, the defined facets provide a functional basis for splitting the large group into small subgroups, 
each dealing with a specific facet. A similar procedure has also been suggested by Shaw et al. [26]. Problems 
related to the splitting of large groups into subgroups (for a detailed discussion cf. White [55]) are best 
counteracted by intensely feeding back the outcomes of the subgroups to the large group. Further, it is 
crucial to have a concept-driven and transparent procedure for aggregating the outcomes of the single 
subgroups. In the SCT procedure, the steps in the elicitation phase are recorded and all intermediate results 
are captured. This, in conjunction with the procedural steps referring to content analytical concepts, allows 
for a transparent synthesis during post-elicitation. Nevertheless, the steering board or a commissioned 
facilitator plays a crucial role when adjusting the outcomes of the subgroup workshops in the post-
elicitation. Thus, formalized procedures are recommended, aiming at the greatest possible transparency in 
activities. Further, the steering board strongly shapes the elicitation process by breaking down the socio-
technical system into facets, which define the topics of the subgroup workshops. In the SCT procedure 
presented, a potential ‘‘one-sidedness’’ is, on the one hand, reduced through the participants’ chance to 
supplement missing facets via the use of the joker facet. On the other hand, the steering board included a 
well-balanced representation of different stakeholder groups. In general the problem of inducing an 
unwanted bias through a transition manager (i.e. a steering board or a facilitator) is inherent in this type of 
project (for a more detailed discussion of this issue see [5,10,20]), as such a transdisciplinary process can be 
taken over by different stakeholders following different interests. Based on the experience of several large-
scale transdisciplinary projects [36] we suggest forming a multi-stakeholder steering board that takes 
responsibility at the outset of a project for counteracting this problem. 

The third requirement postulating that the knowledge integration procedure needs to be formal and 
structured is supported by a study by Okhuysen and Eisenhardt [56]. They have identified ‘‘simple structures, 
interruptions, and time pacing as central to the emerging concept of group flexibility by which participants 
enhance their performance on novel and/ or ambiguous tasks’’. The facet workshops are composed of 
defined steps, which are passed through according to a fixed time schedule. In addition, the fixed number of 
impact factors and relevance points, but also the switch between individual and interactive group work 
creates a highly structured and formal procedure, which allows the integration of both qualitative and 
quantitative knowledge [7,20,57]. Further, switching between working individually and interactively affords 
the possibility of combining diverging and converging elements in the procedure, which both have their 
advantages in issue identification and selection [58]. 

The concepts of divergence and convergence form one of the two dimensions (the goal of application) on 
which the typology of collaborative or participatory methods suggested by van Asselt and Rijkens-Klomp [22] 
relies. In addition, they distinguish between the process as a goal in itself or as a means to a second 
dimension. Several methods, such as scientiststakeholder workshops [23] focusing on mapping out diversity 
of perspectives, or consensus conferences [24], which aim at reaching consensus on an issue, have been 
categorized according to these dimensions. Yet, an unambiguous classification of the suggested SCT 
procedure according to these dimensions is not possible. It combines the poles of both the dimensions in one 
procedure: First, it aims at a consentient characterization of socio-technical systems transitions (reaching 
consensus), which is elaborated on the basis of individual brainstorming activities (mapping out diversity). 
Second, knowledge integration in transdisciplinary settings among different perspectives pursues, on the one 
hand, the goal of broad societal acceptance of the elaborated results and of stimulating mutual learning 
processes among the participants (process as goal in itself; for a detailed discussion on learning processes in 
transition processes cf. [10]). On the other hand, it is argued that the integration of non-scientific expertise 
and perspectives (values and preferences) through social discourse improves the quality of research results in 
transdisciplinary settings (process as a means) [59,60]. 

The problem identification and structuring which is targeted by the SCT procedure is the initial phase of a 
transdisciplinary project and refers to the first and parts of the second phase as defined in the transition 
management literature [5,10]. This second phase is the ‘‘problem development’’ or ‘‘exploration of transition 
pathways.’’ It includes the development and exploration of strategies for transforming the system into a 
desired, more sustainable future. In this regard, the results of the SCT procedure provide inputs for a well-
founded definition and realization of further transdisciplinary research. One possibility is, for instance, 
utilizing the results in scenario analysis, which is a frequently used approach in transition management 
[5,7,10]. Thereby, the identified impact factors can be utilized for formative scenario construction [20,61]; in 
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addition, the provided overall vision can be used for intuitive scenario definition. Further, the relevance 
judgments of the impact factors regarding both short-and long-term perspectives offer first evidence on the 
temporal dynamics and help in considering different planning horizons. The impact factors also outline 
criteria that can be used in assessments of future system states by methods, such as the sustainability 
potential analysis [62] or sustainability solution spaces [63]. Given that the SCT procedure allows for 
including a large number of key stakeholders, it finally helps to better harmonize follow up activities and 
projects. 

Besides providing crucial inputs for further transition management phases and methods, the results and 
processes of the SCT procedure itself already disclose essential references enabling the start of strategic 
planning in practice. Thus, the approach creates a sound environment of shared understanding in which 
these planning efforts can be successfully implemented and guided by a jointly defined vision. 
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3 Transition priorities for sustainable Swiss waste 
management: Outcomes from an expert-workshop 

Spoerri, A., Lang, D.J., Binder, C.R. & Scholz, R.W. (submitted). Resources, Conservation and Recycling. 

Abstract 
Despite significant reductions in direct impacts on human health and the environment, waste management 
in highly developed countries is increasingly confronted with challenges from the perspective of sustainable 
development, e.g., reducing amounts and improving the material composition of waste. As changes in waste 
management are driven by various non-technical aspects and are embedded in a wider socio-technological 
context, Swiss policymakers initiated an expert workshop aimed at the comprehensive structuring the 
upcoming sustainability transition in Swiss waste management. Departing from a historical analysis of 
waste management transitions, this paper presents the results of the workshop, whose central aim was to 
provide strategic long-term orientation based on knowledge integration among 37 leading Swiss waste and 
resource management experts. The experts identified a shared paradigm providing long-term guidance, a set 
of five context factors outlining external constraints, and a comprehensive set of 29 prioritized factors that 
outline crucial strategic issues of both the technology and the societal sphere of the socio-technical system. 
The results indicate a paradigm shift from end-of-pipe focused integrated environmental protection to 
integrated sustainable management of resources with stronger international embedding. In this regard two 
basic material flow transitions were identified, i.e., exhausting the remaining improvement potentials in the 
end-of-pipe domain in the short run (e.g. efficiency of waste logistics, adequacy of separate collections), and 
in the long run, shifting the focus to the front of pipe of material lifecycles because of the high preventive 
potential relating to the minimization of overall lifecycle impacts. For facilitating these material flow 
transitions the study highlights the societal (i.e., political, economic, socio-cultural, knowledge) factors that 
should be considered. Furthermore, the facilitated collaboration during the workshop stimulated capacity 
building among key actors and thus paved the way for joint problem solving and broad acceptance. 

Keywords: Swiss waste management, sustainable development, transition management, problem structuring 

3.1 Introduction 
Waste management has become an issue of prime importance with respect to human and environmental 
protection (Hafkamp, 2002), the conservation of resources and, consequently, the sustainable development 
of societies in general (Stucki and Ludwig, 2003). In recent decades, end-of-pipe efforts in highly developed 
countries such as Switzerland have resulted in waste management systems with significantly reduced 
impacts on humans and the environment from waste treatment as well as final disposal of and remarkable 
recycling rates for certain materials (Hellweg et al., 2001). In spite of these achievements modern waste 
management is and will continue to be confronted with challenges emerging from sustainable development 
(Melanen et al., 2002; Wilson, 2007; Winzeler et al., 2003). 

Waste management serves the societal function ‘management of used materials and products’. It is a typical 
example of a socio-technical system, basically consisting of a ‘technology sphere’ and a ‘societal’ sphere 
(Flüeler, 2006; Ropohl, 1999) and a socio-technical context. This conceptualization derives from the fact that 
waste management is not just a technical problem, but also a societal management problem including the 
political and socio-economic setting (societal sphere), technologies and material flows (technology sphere) 
are embedded in (Joseph, 2006; Tchobanoglous and Keith, 2002; Wilson et al., 2001). Accordingly, changes in 
waste management systems are considered interactive processes of change in both spheres, being affected 
and channeled by a wider system context (a similar conceptualization on socio-technical change is proposed 
by Geels, 2004; 2006; Rip and Kemp, 1998). Context factors represent the wider exogenous constraints that 
are difficult for system actors to influence, but affect the changes in Swiss waste management. Factors of the 
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different domains of the societal sphere are crucial to facilitate change in the technology sphere by yielding 
societal configurations that support the desired changes, e.g., through setting economic incentives in waste 
policy. 

Related to the complex character of such change processes, problem structuring and subsequent strategic 
planning require comprehensive approaches, taking all these system dimensions into account. A promising 
approach to comprehensively deal with such system changes is transition management (Kemp et al., 2007; 
Loorbach and Rotmans, 2006), which relies on comprehensive systems thinking and considers all domains 
involved in system change. A transition is thereby defined as a fundamental change from one system state to 
another. The transition management approach (see Loorbach and Rotmans, 2006) starts with ‘structuring’, 
which, on the one hand, approaches problem identification and structuring, and the discussion of related 
strategic options for the transition process. On the other hand it aims at pooling and build commitment 
among the key actors, who are decisively involved in the upcoming transition (van de Kerkhof and Wieczorek, 
2005). 

Faced with sustainability challenges in the waste management domain (cf. 2.2), Swiss policy makers launched 
a collaborative planning process in the form of a transition arena to elaborate the fundamentals for future 
waste policy. An important pillar of this endeavor was a workshop, organized by a multi-stakeholder steering 
board1 to structure the sustainability transition of Swiss waste management2 drawing upon the knowledge 
and experience of a large panel of leading experts. Its results are presented in this paper. The following 
research questions were addressed: 

- What do Swiss leading experts consider to be the new paradigm providing long-term guidance for 
the future transition of Swiss waste management toward sustainable development? 

- What are the crucial strategic issues in both the technology and societal sphere of Swiss waste 
management related to this new paradigm? 

- Which factors from the socio-technical context frame the transition process? 

The paper departs from a synopsis of historical waste management transitions and provides some key data 
on the status quo of waste management in Switzerland (section 2) in order to describe the initial state of the 
transition. Section 3 illustrates the applied collaborative knowledge integration. The elaborated results are 
presented in section 4. The paper concludes with the interpretation of the results and a discussion of the 
procedural outcomes. 

3.2 The case: Swiss waste management 
Analyzing historical transitions provides first insights into potential drivers that are decisive for fundamental 
shifts in Swiss waste management in general, and enhances the understanding of future transition patterns, 
because past developments and related paradigms considerably affect future transitions. The following 
section briefly describes the major transitions of Swiss waste management from the pre-industrial (pre 1850) 
to the current state3 (cf. Figure 1) and then provides some key data on current waste management in 
Switzerland (cf. 2.2). 

                                                                            

1 The steering board consisted of nine representatives from three stakeholder groups: four from federal and 
cantonal environmental protection agencies, one from the major Swiss waste association and four from 
academia. 

2 The structuring of the transition relied on the two outlined spheres of a socio-technical system, i.e., societal 
and technology, and the system context. 

3 The remarks refer to Switzerland, but are also valid to a large extent for highly developed countries in the 
European Union. 
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3.2.1 Historical transitions in Swiss waste management 

In the pre-industrial state (pre 1850) the handling of waste did not lead to significant problems (Köstering, 
2003). This was associated with a generally low population density and an accordingly large capacity for 
dumping volumes. The predominantly organic components of waste allowed for its direct reuse (fertilizers, 
animal food), and the comparatively high relative costs of raw materials resulted in considerable material 
recycling, for instance of metals. Non-reused waste was disposed of in remote areas according to the NIMBY 
(Not in my backyard) paradigm. Indeed, in highly populated areas hygiene problems existed, but the relation 
between disease transmission and unsanitary living conditions was unknown. The incipient industrialization 
in the middle of the 19th century resulted in fundamental societal shifts. First, the enormous expansion and 
densification of urban areas led waste quantities to move in a new dimension. Furthermore, the material 
variety of waste sharply increased due to the spatial division of habitation and working, which resulted in 
turning away from self-supply and toward new product requirements, e.g. tin cans (Lindemann, 1992). 
Consequently, sanitary conditions were precarious. The first clear linkages made between infectious diseases 
and poor sanitary conditions in the UK (1839, Wilson, 2007) led to armed opposition by rural populations 
against waste dumping on their land. This forced a transition of the predominant disposal practices toward 
the first rudimentary waste management system under the hygienic paradigm. The focus lay on curbside 
collection to ‘get waste out from underfoot’ (cf. Wilson, 2007, p. 199). First incineration plants were built, but 
were not widely adopted (the plant in Zurich from 1904 remained the exception for decades). Composting 
facilities were operated alongside, though overall disposal of waste remained largely uncontrolled either 
through dumping on land or open burning. 

Apart from the World Wars I and II, the next discontinuity in societal development that had major 
implications for waste management systems was the economic boom of the 1950s and the enormous 
increase in resource consumption (Pfister and Bär, 1996). This paved the way for the transitions toward 
today’s modern waste management. Due to the sharply increasing quantities and material variety of waste 
as well as to urban expansion in conjunction with strictly limited dumping volumes, Switzerland ran into 
environmental problems, such as widespread water pollution, which raised broad public concern. This 
resulted in a shift from the hygiene paradigm to the paradigm of isolated environmental protection, in the 
beginning mainly focused on water protection. Associated with a lagged implementation of effective policies, 
the desired transitions in the waste management system started with the prohibition of waste disposal in 
open dumps by the Water Protection Ordinance in the early 1970s (Ramseier, 1995). Besides the 
establishment of first, but rudimentary landfill regulations, it resulted in the broad implementation of 
incinerators in densely populated areas and, consequently, in an unexpected shift of environmental burdens 
to the atmosphere (cf. intermediate state in Figure 1), which was addressed by the air pollution control act in 
the beginning of the 1980s. Accompanied by various environmental scandals, e.g. leaking hazardous waste 
disposals or dioxin emissions, and rising environmental awareness, broad environmental protection in Swiss 
waste management became institutionalized. The release of waste management guidelines in 1986 (FOEN, 
1986), which already outlined the concept of integrated environmental protection, represented a milestone in 
Swiss waste management. The guidelines created the basis for a set of legal regulations, first focusing on risk 
control of treatment and final disposal and, later, on the promotion of material recycling (Hellweg et al., 
2001). In conjunction with the necessary technological innovations, e.g. air pollution control systems or 
recycling processes, the developments outlined above led to the nation-wide modern state of waste 
management, in which direct negative impacts on the environment have been significantly reduced. It relies 
on an appropriate combination of disposal options, i.e., recycling, thermal processing with energy and metal 
recovery, anaerobic digestion and composting, and, finally, sanitary landfills to handle the huge amounts and 
material variety of waste produced in a post-industrial society (cf. 2.2). 
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3.2.2 Key facts of current Swiss waste management 

Table 1 gives an overview of Switzerland’s annual amounts of various waste fractions in total as well as 
differentiated according to disposal paths, including their relative amounts in 2007 and current trends. 

In 2007, round 7.5 Mio. inhabitants generated almost 19 million tons of waste (2.47 tons per capita), of which 
more than two-thirds were recycled. Another fifth of the waste was incinerated and about a tenth was 
disposed of in landfills, whereas a very small remainder, consisting of hazardous waste, underwent a 
physical-chemical treatment. 

Table 1. Overview of Swiss waste management in 2007: waste fractions (column 1), total amounts, including 
per capita amounts (column 2), their qualitative trends in the last decade (column 3), disposal paths (column 
4), amounts per disposal path (column 5), and relative amounts (column 6) (Arioli and Haag, 2001; FOEN, 
2008; Laube and Vonplon, 2004) 

Waste fraction Total amount   (106 t /a)  Trend Disposal path Amount   (106 t /a)  Rate (%) 

Incineration 2.68 49 
Landfill < 0.01 < 1 

Municipal solid 
waste 

5.47 (0.72 t per capita)   
Recycling 2.78 51 
Incineration 0.36 3 
Landfill 1.90 16 

Construction 
and demolition 
waste 

11.90 (1.57 t per capita)   
Recycling 9.64 81 
Incineration 0.48 41 
Landfill 0.26 22 
Recycling 0.16 13 

Hazardous 
waste 

1.17 (0.15 t per capita)   

Phys./chem. treatment 0.27 24 
Incineration 0.19 90 
Landfill 0.00 0 Sewage sludge 0.21 (0.03 t per capita)   
Recycling 0.02 10 
Incineration 3.71 20 
Landfill 2.16 12 
Recycling 12.60 67 

Total 18.75 (2.47 t per capita)   

Phys./chem. treatment 0.27 1 
 

A portion of around ten percent of the hazardous waste was exported to surrounding countries mainly for 
recycling. Construction and demolition waste was quantitatively by far the largest fraction (11.9 million tons, 
1.57 tons per capita), and was recycled at a rate of over 80%. More than half of municipal solid waste (2.78 
million tons, 0.36 tons per capita) was separated in households and fed into recycling, whereas an almost 
negligible amount (0.01 million tons) was directly disposed of in landfills. The rest (2.68 million tons, 0.35 tons 
per capita) was incinerated4. Due to end-of-pipe optimizations (filter technology, technology of flue gas 
cleaning) Swiss waste incinerators perform very well in terms of air pollution protection and energy recovery. 
In 2007, one fifth and one fourth of total heat and more than 80% of total electricity produced from 
renewable sources (without hydropower) came from thermal waste treatment (Hügi et al., 2008). The 
recycling rate for sewage sludge was 10% in 2005. Its low recycling rate is ascribed to the prohibition of 
agricultural application in 2003 with a theoretical transition period to 2006 (in certain cantons to 2008), due 
to health risks related to heavy metals, organic pollutants, endocrine disruptors and bovine spongiform 
encephalopathy (BSE, Laube and Vonplon, 2004). Besides the considerable achievements in end-of-pipe 
waste management (recycling, treatment, sanitary final disposal), the total amounts and material variety of 
waste have continuously increased (cf. Table 1), posing major sustainability challenges for Swiss waste 

                                                                            

4 The numbers listed in table 1 only refer to the first stage in the disposal path, i.e., the problematic residues 
from thermal treatment (bottom ash, APC residues) are not included in the landfilled amount (more or less 
one fifth of the totally burnt waste mass) or recovery of metals in thermal processes is not accounted for in 
the recycled amounts. 
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management (Winzeler et al., 2003). In the following we show how these challenges were approached in an 
expert workshop as part of the collaborative planning approach initiated by Swiss waste policy makers. 

3.3 Methods 
The presented project relied on the “structuring for complex transitions (SCT)” procedure. It is a collaborative 
knowledge integration procedure, relying on the knowledge of a large expert panel and was specifically 
developed for structuring transitions in the initial project phase, i.e., the transition arena (Scholz et al., 2009). 
Besides bringing together a large panel of key actors, i.e., organizing a multi-expert group (cf. Loorbach and 
Rotmans, 2006), SCT aims at structuring transitions by the identification of a transition paradigm and 
prioritized strategic issues. The paradigm frames transitions by guiding target setting and problem solving 
and, thus, has the character of a sustainability vision for the investigated system (Kemp et al., 2007; Rotmans 
et al., 2001). The strategic issues outline important and interconnected fields of action of the societal as well 
as technology sphere and the context, which need to be considered in subsequent phases of transition 
management, i.e., exploration of transition pathways (van de Kerkhof and Wieczorek, 2005). The SCT 
procedure comprises three phases: (i) preparation, (ii) elicitation, and (iii) post-elicitation, each applying at 
least two steps (cf. Figure 2). The steps in preparation as well as post-elicitation are conducted by the project 
steering board mentioned above. In the following we focus on SCT’s first practical application to the socio-
technical system Swiss waste management (detailed theoretical considerations are provided in Scholz et al., 
2009). 

 

Figure 2. Illustration of the tri-phase SCT procedure (on the left the theoretical steps are displayed; on the 
right the practical application of the steps to Swiss waste management is illustrated). 

 

The preparation (Step a.1-a.3) organizes the setup of knowledge integration in the elicitation. It includes the 
selection of an appropriate expert panel for and the detailed scheduling of the elicitation. The basic step is 
the analytical decomposition of the investigated system into facets, i.e., analytical foci (Step a.1). These facets, 
on one hand, outline the spectrum of required expertise that needs to be covered by the selected expert 
panel, and thus, in conjunction with the crucial interests important to the investigated transition (Step a.2), 
guide the selection of appropriate experts (Step a.3). On the other hand, the facets define the topics of the 
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workshop sessions during elicitation. In the present project, the analytical decomposition of Swiss waste 
management resulted in nine facets, i.e., material flows, technology, logistics, risk, economy, policy, actors, 
culture, and international developments. In combination with the five stakeholder groups identified, 37 high-
ranking waste and resource management experts were selected, i.e., business branches   (n= 12) , scientific 

institutions   (n=8) , governmental agencies   (n= 7) , associations   (n= 7) , and NGOs   (n= 3) . 

The facet workshops are the core of the elicitation and are embedded in several plenary sessions so that the 
workshop results can be reported to and discussed with the entire panel. The facet workshops involve 
specifically assembled subgroups and roughly consist of mapping out individual perspectives (brainstorming, 
Step b.1) and subsequent interactive merging of individual to aggregate group perspectives (Step b.2-4). In 
the course of a facet workshop, the subgroup elaborates (i) a list of impact factors5 prioritized with reference 
to a short-   and long-term   transition perspective, including qualitative statements on the significance of 
impact factors and interrelations among them, and (ii) a condensed summary statement, which recapitulates 
the results in a merged way. For the case described here, subgroups of six to eight experts with the required 
expertise and interest participated in the nine workshops. The one-day elicitation resulted in 10-14 prioritized 
impact factors per facet, which were derived from a much longer original set obtained through individual 
brainstorming (Step b.1). In the final plenary session, the nine summary statements and the most important 
results of all facet workshop were reported to and discussed with the entire expert panel, which created the 
basis for the joint specification of a shared transition paradigm (transition vision), providing long-term 
guidance for the transition process. 

The post-elicitation aims at synthesizing the results of all facet workshops under the perspective of the entire 
socio-technical system. It generally includes the harmonization of facet-specific impact factors (Step c.1) and 
the structuring of these factors (Step c.2). The harmonization of impact factors (Step c.1) from the nine facets 
included the notional alignment of identical but differently labeled impact factors, the adjustment of 
different abstraction levels among impact factors of different facets as well as the aggregation and 
standardization of priority judgments associated with these adjustments in the set of impact factors (see 
Scholz et al., 2009). In Step c.2, the project steering board jointly structured the harmonized impact factors 
according to the different spheres and respective domains of the socio-technical system ‘waste 
management’. The impact factors were assigned to either the technology sphere, the different domains of 
the societal sphere or the context of the socio-technical system (cf. 1). The technology sphere outlines the 
factors that refer to technological or material flow issues. The societal sphere comprises the factors of the 
different societal domains of Swiss waste management, i.e., political, economic, socio-cultural, knowledge. 
Context factors represent the wider exogenous constraints that are difficult for Swiss waste management 
decision-makers to influence, but affect the transition of Swiss waste management. Context of Swiss waste 
management includes superior societal aspects, e.g., national economic growth or relevant international 
regulations, but also the natural environment, i.e., water, soil and air. Factors of the different domains of the 
societal sphere are crucial with respect to managing transitions in the technology sphere. Transition 
management aims at aligning these factors to yield societal configurations that support the desired changes 
in the technology sphere, e.g., through setting economic policy incentives, while taking long-term context 
developments into consideration. 

3.4 Results 
The nine facet workshops of the elicitation yielded between ten (logistics) and 14 (technology) impact factors 
per facet, making a total of 108 impact factors that describe the sustainability transition of Swiss waste 
management. As the elucidation of these intermediate results would go beyond the scope of this paper, a 
tabular overview of the workshop results for all nine facets is provided in the supplementary data (cf. Table. 
S1). In the following we focus on the final results, i.e., the future transition paradigm and structured impact 
factors, also considering the qualitative information about interrelations among impact factors. 

                                                                            

5 An impact factor is defined as a system element that influences the system behavior or is influenced by 
other system elements (Spoerri et al., 2009). 
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3.4.1 Future transition paradigm 

Subsequent to the presentation and discussion of the results from all facet workshops in the final plenary 
session, the experts in interaction with the steering board agreed on a paradigm as guidance for Swiss waste 
management’s sustainability transition: future waste management is directed toward the integrated 
management of resources by applying a lifecycle approach and considering all dimensions of sustainable 
development (i.e., ecological, economic, socio-cultural). It is ideally based on the following strategic options: 
(i) significant reduction of material intensities, (ii) improvement of material product composition in terms of 
overall impact minimization, (iii) economically efficient recycling of materials and energy contained in waste, 
(iv) economically efficient treatment of residual waste6 with minimum risk for humans and the 
environment7, and (v) environmentally secure disposal of residual waste providing the contingency for latter 
landfill mining. According to the experts, a strict prioritization among the strategic options is not appropriate. 
Rather, they emphasize identifying the optimal combination of these options depending on the specific 
characteristics of different waste fractions and also on the characteristics of the specific socio-technical 
context, e.g. urban structure. 

3.4.2 Socio-technical context and strategic issues in the societal and technology sphere 

The harmonization in post-elicitation led to the customization of the original set of 108 to 34 adjusted impact 
factors describing the sustainability transition of the entire Swiss waste management (cf. Table 2). Five 
impact factors characterize the socio-technical context, 20 impact factors outline strategic transition issues 
of the societal sphere, i.e., political   (n=5) , economic   (n=6) , socio-cultural   (n=6) , knowledge   (n= 3) , and 9 
impact factors represent fields of action of the technological sphere. The fifteen most important impact 
factors are additionally displayed in Figure 3, which emphasizes the differences in the transition priorities 
between the two time horizons. 

3.4.2.1 Swiss waste management’s context 

The context is characterized by five impact factors, which affect transition either through exerting pressure 
on the existing waste management system or through setting external constraints. Three of the five context 
factors rank among the fifteen most relevant impact factors (cf. Figure 3). The experts judged the impact of 
increasing internationalization of commodity trading (→ international impacts) on Swiss waste 
management’s transition highly relevant. Besides the increasing impact of climate change, with the need for 
greenhouse gas emission control, the experts emphasized foreign environmental and social standards, as a 
considerable share of negative sustainability impacts are imported in the form of pre-manufactured or 
finished products (cf. Peters and Hertwich, 2006). The increasing internationalization of trade among 
countries and the associated increase in international regulations will more and more restrict the freedom of 
Swiss waste legislation due to the need for legal compatibility among national and international law (→ 
international law/compatibility). The transition is further affected by world market prices for raw materials, 
e.g. metals, and energy (→ commodity prices). These prices strongly affect the profitability of all kinds of 
processes and services for the management of waste, but also codetermine the waste composition via their 
impact on the whole supply chain. The shortage of resources will increasingly affect the transition by setting 
the focus on the conservation of scarce and hardly substitutable resources, e.g. phosphorous or precious 
metals. 

                                                                            

6 Residual waste comprises non-separately collected waste, such as burnable C&D fractions, and all kinds of 
residues from either recycling processes or treatment processes. 

7 Although today direct health impacts are significantly mitigated, their control remains a central aim of 
waste management systems. 
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Table 2. Impact factors structured to either the socio-technical context or the different societal domains of 
waste management, with short-term   P0  and long-term priority 

 
Pf  as well as the relative change of priority 

between the two time horizons 

Modern waste management Impact factor   P0  
 
Pf  Future waste management 

Socio-technical context 

International impacts 0.32 0.38 

International law/compatibility 0.24 0.57 

Commodity prices 0.19 0.23 

Economic development 0.14 0.08 

Shortage of resources 0.12 0.18 

Societal sphere 

a) Political domain 

Legal framework 0.95 0.52 

Federalism 0.74 0.44 

Public service vs. liberalization 0.49 0.32 

Disposal security 0.39 0.37 

Legal security/execution 0.35 0.36 

b) Economic domain 

Economic efficiency 0.67 0.41 

Sponsor 0.19 0.12 
Operational waste 
management 0.10 0.19 

Competitiveness of rec. products 0.08 0.23 

Maintenance risk 0.05 0.02 

Remediation of contaminat. sites 0.02 0.02 

c) Socio-cultural domain 

Societal values 0.37 0.56 

Consumer behavior 0.27 0.25 

Communication 0.25 0.10 

Public perception 0.18 0.11 

Education 0.14 0.12 

Public acceptance 0.14 0.08 

d) Knowledge domain 

Material flow understanding 0.28 0.08 

Risk know-how 0.17 0.10 

Risk assessment 0.14 0.21 

Technology sphere 

Waste logistics 0.57 0.36 

Lifecycle management 0.41 1.25 

Waste treatment 0.23 0.11 

Long term (landfill) risks 0.23 0.31 

Ecodesign 0.16 0.38 

Quality of residues 0.14 0.08 

Energy optimization 0.12 0.14 

Technological innovative ability 0.08 0.21 

Paradigm 
Integrated environmental 
protection (end-of-pipe) incl. 
closing of material cycles 
 
Disposal strategy 
- Recycling 
- Thermal processing (energy and 

metal recovery) 
- Anaerobic digestion & 

composting 
- Sanitary landfilling 
- Improvement of waste 

compositions 
 
Spatial focus 
National 

Stocks & sinks 0.05 0.11 

Paradigm 
Integrated sustainable resource 
management 
 
Disposal strategy 
- Reduction of waste amounts 
- Improvement of waste 

compositions 
- Recycling 
- Thermal processing with energy 

and material recovery 
- Anaerobic digestion & 

composting 
- Sanitary landfilling 
- Improvement of waste 

compositions 
 
Spatial focus 
National but strongly embedded in 
international context 
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3.4.2.2 Swiss waste management’s societal sphere 

i) Political domain 

In the societal sphere of Swiss waste management, strategic political issues are of utmost importance 
because they create the necessary legal framework for fostering sustainable and preventing unsustainable 
system changes. The allocation of competence to perform waste management services between private 
organizations and public ones (→ public service vs. liberalization), and also among different governmental 
levels, i.e., state, canton, municipality (→ federalism), is considered crucial for the sustainability transition, 
especially with regard to the short-term time horizon (cf. Figure 3). The experts generally emphasized the 
need for continuing privatization of waste management services, but also the importance of regularly 
reassessing them, given the changing external constraints (cf. Eggerth, 2005). Specific legal regulations either 
in the form of policy incentives, e.g. taxes, subsidies, or compulsory standards, e.g. material standards for the 
final disposal of residual wastes, were assigned the highest short-term relevance among all impact factors. 
They should assure that the market dynamics are in line with sustainability requirements. In the long run, the 
experts’ focus shifted toward resource conserving regulations following a rather preemptive approach, e.g. by 
means of integrated product policy, IPP (cf. Table S1). Furthermore, consistency and strictness in executing 
legal regulations and associated legal security is relevant for the transition (→ legal security/execution), 
especially in cases of large investments in durable infrastructures (e.g. thermal treatment plants), in which a 
lack of legal security may block necessary investments. 

ii) Economic domain 

In the economic domain, optimizing the economic performance of waste management services is generally 
judged to be highly relevant for the transition process (→ economic efficiency). A rather short-term strategic 
issue refers to the financing of waste management services (→ sponsor/payer), e.g. logistic costs of public 
waste collections. According to the experts the polluter-pays principle should be implemented as far as 
possible, because cost considerations predominantly steer human behavior. Moreover, the competitiveness of 
recycled products is a strategic issue of considerable importance, especially in the long run, because the 
functioning of recycling schemes requires sufficient markets for recycled products, e.g. in the field of mineral 
C&D waste recycling, where increasing waste amounts in conjunction with a decreasing demand in civil 
engineering potentially endanger current recycling rates (cf. Spoerri et al., 2009). Economic considerations of 
landfill aftercare including contaminated site remediation are in the experts’ view of minor relevance (→ 
maintenance risk, remediation of contaminated sites) as this issue is, according to the experts, adequately 
addressed by current policies. 

iii) Socio-cultural domain 

In the socio-cultural domain the experts emphasized the increasing importance of the societal value system 
with its broad implications for the transition (→ societal values). The experts emphasized a trend toward 
value renewal toward sustainability. On one hand, values codetermine people’s consumption patterns, for 
instance, through willingness to pay for environmentally or socially friendly products, but also by affecting 
the whole range of products and services via emergent demand patterns (→ consumer behavior). They further 
affect people’s perception of environmental problems and benefits and their acceptance of government 
interventions (→ public perception, public acceptance). In this regard, the steady promotion of suitable 
information to the public and the propagation of sustainability in educational settings are considered 
promising strategies (→ communication, education), as the experts emphasized the need for a kind of value 
renewal toward sustainability, which is assumed to be a long-term endeavor. 

iv) Knowledge related domain 

The knowledge domain refers to the acquisition of the knowledge base required for managing goal-oriented 
transitions. The experts emphasized the lack of detailed material lifecycle data and know-how about risks 
(human and eco-toxicological) associated with the material flows - an issue to be addressed in the short run 
(→ material flow understanding, risk know-how). For instance, lacking know-how about the detailed behavior 
of aluminum foils in different thermal process settings currently impedes governmental support of 
alternative technologies (cf. Spoerri et al., submitted). Furthermore, the development of appropriate methods 
to assess creeping risks associated with long-term, diffuse and, thus, hardly perceivable environmental 
feedbacks, is a strategic issue of increasing importance (→ risk assessment). 
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3.4.2.3 Swiss waste management’s technology sphere 

In the physical domain two strategic areas were identified, both aligned to the fundamental requirement for 
any waste management system to guarantee the best possible disposal of end-of-life materials and products 
(→ disposal security, long-term (landfill) risks). The short-term oriented strategic issues address end-of-pipe 
optimizations with regard to the eco-efficiency of both waste treatment and waste logistics, e.g. publicly 
organized separate collections. The quality of residues from thermal treatment (bottom ashes, APC residues) 
and associated landfill risks emerging from their final disposal were specific issues raised by the experts (→ 
residue quality). The experts called for full integration of end-of-pipe waste management in order to find the 
balanced optimum among all available options, which even included questioning separate collections in the 
light of new technologies available, such as separation techniques or in-process recycling (cf. Table S1, facet 
‘technology’). 

 

 

Figure 3. Overview of the 15 most important impact factors placed according to short-term (y-axis) and long-
term priority (x-axis). The shaded areas divide the figure into different areas (white: short-term oriented; light 
grey: balanced; dark grey: long-term oriented). The dashed lines indicate constant total priority (sum of short-
term and long-term priority). The different markers indicate either context or the two spheres of the socio-
technical system ‘waste management’ (: socio-technical context; societal sphere: : political; : economic; 
: socio-cultural; : knowledge; : technology sphere). 

In the long-term transition perspective the strategic focus was widened to the lifecycle-based management 
of resources, which was judged most important by far (→ lifecycle management). The majority of experts 
expect a general shift from acute, perceivable to chronic, diffuse risks, posing a future challenge (→ long-term 
(landfill) risks). The sustainable design of products, systems and services by consideration of all lifecycle 
stages is identified as a promising strategy (→ ecodesign). A crucial issue in lifecycle management is, 
according to the experts, the control of material flows into sinks (minimizing dissipation) and the potential 
use of associated material stocks, e.g. mining of metal enriched landfills (→ stocks & sinks). Finally, fostering 
the development and market implementation of innovative technologies, e.g. efficient separation techniques 
for municipal solid waste or alternative thermal processes yielding better residues, is in the experts’ view a 
crucial ongoing transition issue (→ technological innovations). 
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3.5 Discussion and conclusions 
The presented first step of in transition management, i.e., the development of a transition arena, structured 
the sustainability transition of Swiss waste management based on the collaboration of 37 experts in Swiss 
waste and resource management. It resulted in the identification of a transition paradigm providing long-
term guidance for the whole process and 34 related impact factors. The impact factors describe strategic 
issues of the different subsystems of the socio-technical system ‘waste management’, i.e., the socio-technical 
context   (n=5) , the four distinguished domains of the societal sphere   (n= 20)  and the technology sphere 

  (n=9) . These factors frame the sustainability transition of Swiss waste management. 

For future waste management, the results from the expert workshop indicate a paradigm change in 
managing waste from end-of-pipe focused integrated environmental protection to a comprehensive, more 
preemptive management of resources by applying a lifecycle approach and taking into account all 
dimensions of sustainable development. This trend toward full integration is generally observable in many 
developed countries (MOE, 2006; SRU, 2005; U.S. EPA, 2005; Wilson, 2007), which are also confronted with 
both continually increasing amounts and material varieties of waste. In comparison with the previous 
paradigm shifts, what stands out is that the current transition seems to be driven by emerging 
environmental problems rather than by environmental scandals, such as cholera epidemics or dioxin 
scandals (cf. 2.1). The integrated environmental protection approach in Swiss waste management followed 
since the release of the 1986 guidelines has led to a state in which end-of-pipe related risks are largely under 
control (cf. 2.1 & 2.2) and societal pressure related to waste management scandals is widely absent. The 
current paradigm shift seems rather to be driven by the increasing evidence that the earth’s life-sustaining 
capacity is increasingly endangered, e.g. intensified shortages of crucial resources or out-of-control 
greenhouse gas emissions, and the awareness that end-of-pipe potentials are largely limited in this regard. 
Furthermore, the new sustainability paradigm is according to the experts accompanied by a shift in spatial 
focus from national to stronger international considerations (cf. Bringezu and Vitby, 2007; Moriguchi, 2009). 

For managing the transition toward this new paradigm the experts identified two major strategic foci with 
regard to material flow management. The first addresses outstanding eco-efficiency improvements in the 
end-of-pipe domain, i.e., the continuation of the old paradigm as a still-important part of the new paradigm. 
But, according to the experts’ view these improvements should more strongly rely on prospective, integrated 
lifecycle approaches simultaneously considering all available options in order to contribute to the eco-
efficiency of whole material cycles rather than of isolated processes (Clift et al., 2000; Kaplan et al., 2004). 
According to the experts these deficiencies in end-of-pipe waste management are expected to be resolved in 
the short run. On the other hand, the long-term focus for transition addresses the ‘front of pipe’ of material 
lifecycles, i.e., mining, production, transport, consumption, which is considered crucial for the sustainable 
management of resources due to the high preventive potential regarding sustainability impacts (Bringezu et 
al., 2004). From the waste management perspective the central aim is to prevent waste and minimize 
embodied energy as well as to optimize waste compositions in terms of minimizing negative impacts and to 
maximize economic efficiency as well as societal compatibility (cf. Tukker, 2008). Of crucial importance is the 
minimization of problem shifting, as was for instance the case after the broad implementation of 
incineration plants in the 70s as a response to problems with water pollution (cf. 2.2). Besides increasing 
resource efficiency (cf. Salhofer et al., 2008), waste minimization should, in the experts’ view, ideally also 
draw upon the sufficiency strategy, questioning the fulfillment of certain product functions. 

The other factors identified outline strategic issues that refer to the societal sphere of Swiss waste 
management, i.e., political, economic, knowledge, and socio-cultural, which are considered important in 
managing the desired material flow transitions (cf. Kemp, 2007). The outlined short-term issue is, according 
to the experts, best addressed by adjustments in Swiss legislation. Legislation, including its strict and 
consistent execution, should be more strongly directed at the creation of economic incentive structures to 
govern market dynamics in desired directions, e.g. by implementing landfill taxes in a way that the 
improvement of thermal residue qualities pays off in the future (cf. Spoerri et al., submitted). For informed 
and targeted governance, governing bodies require comprehensive material flow and risk knowledge in order 
to evaluate possible options ex ante. Nevertheless, the adequacy of end-of-pipe schemes should regularly be 
re-assessed, given ongoing technology development and changes in context, such as the increased scarcity of 
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certain materials or increased commodity prices, and even include, e.g., the re-assessment of current separate 
collections (cf. Salhofer et al., 2007). 

In the management of the long-term transition, the national legal setting outlined above is still of 
significance, but should more strongly focus on IPP. IPP represents a shift in thinking toward ‘front-of-pipe’ 
measures by addressing upstream lifecycle stages, where many of the environmental impacts are either 
directly generated or indirectly determined (cf. Charter et al., 2001). But according to the experts, both the 
scope and strength of Swiss legislation are increasingly constrained by international law and the need for 
legal harmonization associated with the ongoing internationalization of material cycles, e.g. foreign 
recycling, and increasing focus on upstream stages, e.g. production, often located outside the Swiss political 
boundary (cf. Moriguchi, 2009). The new spatial and conceptual focus of waste management, on one hand, 
may also imply institutional adjustments going beyond the reallocation of competences, including better 
coordination among different national institutions or adjustments of the institutional structure. On the other 
hand, strategic engagement in international institutions should be pushed forward so that Swiss concerns 
are considered in the international standards that guide the transition. Widening risk management focus 
from acute, already existing risks to lifecycle based, preemptive risk minimization requires new forms of 
knowledge with respect to the handling of systemic risks (OECD, 2003) associated with lifecycle management 
of resources, e.g. impacts on the economy of the unavailability of strategic resources. The analysis further 
revealed the centrality of value systems underlying consumption patterns in a successful transition toward 
sustainable material lifecycles (cf. Boks, 2006; Klein, 2000). The experts emphasized the need for a kind of 
value revolution towards dematerialization and sustainable product friendliness, e.g. product durability or 
recyclability and social standards (cf. Segal, 1999; Tukker, 2006; Winzeler et al., 2003), which however seems 
to fundamentally contradict the values promoted in and the economic interests inherent to consumption 
societies (cf. Jackson, 2004). The study gives evidence that the transition under the new paradigm of 
integrated sustainable resource management requires fundamental changes in different spheres and 
respective domains of the Swiss waste management. This is especially valid for the long-term transition 
focus that addresses the front of pipe stages of material lifecycles. The adjustments of historically grown 
institutional structures as well as the renewal of value systems against the dynamics of the consumption-
oriented society are, for instance, far from being achieved. 

The results of the presented analysis are broadly confirmed by a Swiss policy analysis, which was part of the 
same planning process. It aimed at identifying the fundamentals for the future waste policy (Hanser et al., 
2006) based on an efficiency analysis of Swiss waste policy since the release of the guidelines in 1986 (Hanser 
et al., 2005). The two procedures yielded highly similar results and confirmed each other to a large extent. 
Despite the accordance, the results of the policy analysis stronger focus on direct policy input, whereas the 
results of the SCT procedure are stronger oriented toward impact factors based understanding of the system 
and structured the next stages of the transition management process. 

From a scientific perspective the SCT procedure framed the system and related challenges for further analysis 
in the next phase of transition management, i.e., planning (Elzinga, 2007). The elaborated ‘inventory’ of 
strategic fields of action related to the future paradigm support the coordinated planning of further research 
programs, contributing to the overall transition process. The elaborated impact factors further provide well-
founded inputs for planning methods applied in the next phase, for instance scenario construction (Scholz 
and Tietje, 2002; Wiek et al., 2009) or for developing criteria for systemic or multi-criteria assessments (Lang 
et al., 2007; Linkov et al., 2006) for comparing alternatives to facilitate decision-making. From a more 
practical perspective, the SCT procedure itself disclosed essential evidence for strategic planners and policy 
makers from various domains of Swiss waste management. An additional crucial outcome of the SCT 
procedure relates to the stimulation of mutual learning processes, commitment, and shared understandings 
through organizing intense collaboration between science and society (Scholz et al., 2000; Scholz et al., 
2009). This largely contributed to capacity building of a large group of experts, who are considered to play 
key roles in the following transition (Kemp, 2008). Thus, besides the important substantive outcomes, the 
application of the SCT procedure to Swiss waste management also paved the way for the future joint 
problem solving process and broad acceptance, which is crucial to master the challenges posed by 
sustainable waste management. 



Integrating and structuring expert knowledge for sustainability transitions in socio-technical systems 

 42 

References 
Arioli, M. and Haag, M. Bauabfälle Schweiz - Mengen, Perspektiven und Entsorgungswege. Band 1: Kennwerte 

[Construction and demolition waste in Switzerland - amounts, perspectives and disposal routes. 
Volume 1: Statistical values]. Umwelt-Materialien Nr. 131. Zurich: Wüest&Partner AG; 2001. 

Boks, C. The soft side of ecodesign. J Clean Prod 2006;14:1346-1356. 

Bringezu, S., Schutz, H., Steger, S. and Baudisch, J. International comparison of resource use and its relation to 
economic growth - The development of total material requirement, direct material inputs and hidden 
flows and the structure of TMR. Ecol Econ 2004;51:97-124. 

Bringezu, S. and Vitby, K. Need to drive the global change. Waste Manage Res 2007;25:194-197. 

Charter, M., Young, A., Kielkiewicz-Young, A. and Belmane, I. Integrated product policy and eco-product 
development. In: M. Charter and U. Tischner, editors. Sustainable solutions. Sheffield, UK: Greenleaf 
Publishing; 2001. p. 98-116. 

Clift, R., Doig, A. and Finnveden, G. The application of life cycle assessment to integrated solid waste 
management - Part 1 - Methodology. Process Saf Environ 2000;78:279-287. 

Eggerth, L. L. The evolving face of private sector participation in solid waste management. Waste Manage 
2005;25:229-230. 

Elzinga, A. Participation. In: G. Hirsch Hadorn, H. Hoffmann-Riem, S. Biber-Klemm, W. Grossenbacher-Mansuy, 
D. Joye, C. Pohl, U. Wiesmann and E. Zemp, editors. Handbook of transdisciplinary research. Berlin: 
Springer; 2007. p. 345-360. 

Flüeler, T. Decision making for complex socio-technical systems robustness from lessons learned in long-term 
radioactive waste governance. Dordrecht: Springer; 2006. 

FOEN. Guidelines on Swiss Waste Management. Bern: Federal Office for the Environment (FOEN); 1986. 

FOEN. An overview on waste amounts and recycling in 2007. Bern: Federal Office for the Environment (FOEN); 
2008. 

Geels, F. W. From sectoral systems of innovation to socio-technical systems - Insights about dynamics and 
change from sociology and institutional theory. Res Policy 2004;33:897-920. 

Geels, F. W. Multi-level perspective on system innovation: Relevance for industrial transformations. In: X. 
Olsthoorn and A. Wieczorek, editors. Understanding industrial transformations: Views from different 
disciplines. Dordrecht: Springer; 2006. p. 163-186. 

Hafkamp, W. Comparison of national solid waste regimes in trajectories of change. In: N. Buclet, editors. 
Municipal waste management in Europe: European policy between harmonisation and subsidiarity. 
Dordrecht: Kluwer Academic Publishers; 2002. p. 7-26. 

Hanser, C., Kuster, J., Gessler, R. and Ehrler, M. Nachhaltige Rohstoffnutzung und Abfallentsorgung. 
Grundlagen für die Gestaltung der zukünftigen Politik des Bundes [Sustainable resource use and 
waste management. Fundamtentals for the design of the Federation's future policy]. Bern: Federal 
Office for the Environment (FOEN); 2006. 

Hanser, C., et al. Evaluation der Abfallpolitik des Bundes [Efficiency analysis of the Federation's Waste Policy]. 
Zürich: BHP - HANSER UND PARTNER AG; 2005. 

Hellweg, S., Hofstetter, T. B. and Hungerbuhler, K. Modeling waste incineration for life-cycle inventory 
analysis in Switzerland. Environ Model Assess 2001;6:219-235. 

Hügi, M., et al. Abfallwirtschaftsbericht 2008. Zahlen und Entwicklungen der schweizerischen 
Abfallwirtschaft 2005-2007 [Waste management report 2008. Data and trends of Swiss waste 
management between 2005 and 2007]. Bern: Federal Office for the Environment (FOEN); 2008. 

Jackson, T. Chasing progress: Beyond measuring economic growth. London: New Economics Foundation; 
2004. 



Paper 2: Transition priorities for sustainable Swiss waste management 

 43 

Joseph, K. Stakeholder participation for sustainable waste management. HABITAT INT 2006;30:863-871. 

Kaplan, P. O., Barlaz, M. A. and Ranjithan, S. R. A procedure for life-cycle-based solid waste management with 
consideration of uncertainty. J Ind Ecol 2004;8:155-172. 

Kemp, R. An example of a 'managed transition': The transformation of the waste management subsystem in 
the Netherlands (1960-2000). In: M. Lehmann-Waffenschmidt, editors. Innovations towards 
sustainability: Conditions and consequences. Heidelberg: Physica; 2007. p.  

Kemp, R. Transition management for sustainable consumption and production: cases from product-service 
systems. In: A. Tukker, M. Charter, C. Vezzoli, E. Sto and M. M. Andersen, editors. Perspectives on radical 
changes to sustainable consumption and production. Sheffield: Greenleaf Publishing Limited; 2008. p. 
470. 

Kemp, R., Loorbach, D. and Rotmans, J. Transition management as a model for managing processes of co-
evolution towards sustainable development. Int J Sust Dev World 2007;14:78-91. 

Klein, N. No logo. Taking aim at the brand bullies. Canada: Knopf; 2000. 

Köstering, S. Müll von gestern? eine umweltgeschichtliche Erkundung in Berlin und Brandenburg [Waste of 
yesterday? An environmental historical investigation in Berlin and Brandenburg]. Münster: Waxmann; 
2003. 

Lang, D. J., Scholz, R. W., Binder, C. R., Wiek, A. and Stäubli, B. Sustainability Potential Analysis (SPA) of landfills 
- a systemic approach: theoretical considerations. J Clean Prod 2007;15:1628-1638. 

Laube, A. and Vonplon, A. Klärschlammentsorgung in der Schweiz - Mengen- und Kapazitätserhebung 
[Disposal of slewage sludge in Switzerland - Assessment of amounts and capacity]. Umwelt-
Materialien Nr. 181. Bern: Federal Office for the Environment (FOEN); 2004. 

Lindemann, C. Verbrennung oder Verwertung: Müll als Problem um die Wende vom 19. zum 20. Jahrhundert 
[Incineration or recycling: The waste problem in turn of the 19th to the 20th century]. 
Technikgeschichte 1992;59:91-107. 

Linkov, I., et al. From comparative risk assessment to multi-criteria decision analysis and adaptive 
management: Recent developments and applications. Environment International 2006;32:1072-1093. 

Loorbach, D. and Rotmans, J. Managing transitions for sustainable development. In: X. Olsthoorn and A. 
Wieczorek, editors. Understanding industrial transformations: Views from different disciplines. 
Dordrecht: Springer; 2006. p. 187-206. 

Melanen, M., Kautto, P., Saarikoski, H., Ilomaki, M. and Yli-Kauppila, H. Finnish waste policy - effects and 
effectiveness. Resour Conserv Recy 2002;35:1-15. 

MOE. Sweeping Policy Reform towards a "Sound Material-Cycle Society" starting from Japan and spreading all 
over the entire globe: the "3R" loop connecting Japan with other countries. Tokyo: Government of 
Japan: Ministry for the Environment (MOE); 2006. 

Moriguchi, Y. Recent developments in material cycle policies. J Ind Ecol 2009;13:8-10. 

OECD. Emerging risks of the 21st century: An agenda for action. Paris: OECD Publishing; 2003. 

Peters, G. P. and Hertwich, E. G. The importance of imports for household environmental impacts. J Ind Ecol 
2006;10:89-109. 

Pfister, C. and Bär, P. Das 1950er Syndrom: der Weg in die Konsumgesellschaft [The 1950 syndrom: the way to 
the consumer society]. Bern etc.: Haupt; 1996. 

Ramseier, U. Standortvoraussetzungen für Innovationen: Ein Konzept zur Beurteilung von 
Standortvoraussetzungen für innovative Betriebe diskutiert am Beispiel der Schweizer Abfallindustrie. 
Bern etc.: Lang; 1995. 

Rip, A. and Kemp, R. Technological change. In: S. Rayner and E. L. Malone, editors. Human choice and climate 
change, vol. 2. Columbus, OH: Battelle Press; 1998. p. 327-399. 



Integrating and structuring expert knowledge for sustainability transitions in socio-technical systems 

 44 

Ropohl, G. Allgemeine Technologie eine Systemtheorie der Technik. München: Hanser; 1999. 

Rotmans, J., Kemp, R. and van Asselt, M. B. A. More evolution than revolution: transition management in 
public policy. Foresight 2001;3:15-31. 

Salhofer, S., Obersteiner, G., Schneider, F. and Lebersorger, S. Potentials for the prevention of municipal solid 
waste. Waste Manage 2008;28:245-259. 

Salhofer, S., Schneider, F. and Obersteiner, G. The ecological relevance of transport in waste disposal systems 
in Western Europe. Waste Manage 2007;27:47-57. 

Scholz, R. W., Mieg, H. A. and Oswald, J. E. Transdisciplinarity in groundwater management - Towards mutual 
learning of science and society. Water Air Soil Poll 2000;123:477-487. 

Scholz, R. W., Spoerri, A. and Lang, D. J. Problem structuring for transitions: The case of Swiss waste 
management. Futures 2009;41:171-181. 

Scholz, R. W. and Tietje, O. Embedded case study methods: Integrating quantitative and qualitative 
knowledge. Thousan Oaks: Sage; 2002. 

Segal, J. M. Graceful simplicity: Towards a philosophy and politics of simple living. New York: Holt; 1999. 

Spoerri, A., Lang, D. J., Binder, C. R. and Scholz, R. W. Expert-based scenarios for strategic waste and resource 
management planning - C&D waste recycling in the Canton of Zurich, Switzerland. Resour Conserv 
Recy 2009;51:592-600. 

Spoerri, A., Lang, D. J., Stäubli, B. and Scholz, R. W. Technological change in Swiss thermal waste treatment: An 
expert-based socio-technical analysis. Waste Manage submitted. 

SRU. Auf dem Weg zur Europäischen Ressourcenstrategie: Orientierung durch ein Konzept für eine 
stoffbezogene Umweltpolitik [On the path to the European resource strategy: Orientation through a 
concept for a substance-related environmental policy]. Berlin: Sachverständigenrat für Umweltfragen 
(SRU); 2005. 

Stucki, S. and Ludwig, C. Introduction. In: C. Ludwig, S. Hellweg and S. Stucki, editors. Municipal solid waste 
management: Strategies and technologies for sustainable solutions. Berlin: Springer; 2003. p.  

Tchobanoglous, G. and Keith, F. Handbook of solid waste management. New York: McGraw-Hill; 2002. 

Tukker, A. Identifying priorities for environmental product policy. J Ind Ecol 2006;10:1-4. 

Tukker, A. Conclusions: change management for sustainable consumption and production. In: A. Tukker, M. 
Charter, C. Vezzoli, E. Sto and M. M. Andersen, editors. Perspectives on radical changes to sustainable 
consumption and production. Sheffield: Greenleaf Publishing Limited; 2008. p. 470. 

U.S. EPA. Progress Report 2005: Resource conservation challenge. Washington DC: United States 
Environmental Protection Agency (EPA) - Office of Solid Waste and Emergency Response; 2005. 

van de Kerkhof, M. and Wieczorek, A. Learning and stakeholder participation in transition processes towards 
sustainability: Methodological considerations. Technol Forecast Soc 2005;72:733-747. 

Wiek, A., Gasser, L. and Siegrist, M. Systemic scenarios of nanotechnology: Sustainable governance of 
emerging technologies. Futures 2009;41:284-300. 

Wilson, D. C. Development drivers for waste management. WASTE MANAGE RES 2007;25:198-207. 

Wilson, E. J., McDougall, F. R. and Willmore, J. Euro-trash: searching Europe for a more sustainable approach to 
waste management. Resour Conserv Recy 2001;31:327-346. 

Winzeler, R., Hofer, P. and Morf, L. Towards sustainable development. In: C. D. Ludwig, S. Hellweg and S. Stucki, 
editors. Municipal solid waste management: Strategies and technologies for sustainable solutions. 
Berlin: Springer; 2003. p. 462-513. 



Paper 3: Expert-based scenarios for strategic waste and resource management planning 

 45 

4 Expert-based scenarios for strategic waste and resource 
management planning – C&D waste recycling in the 
Canton of Zurich, Switzerland 

Spoerri, A., Lang, D. J., Binder, C. R. & Scholz, R.W. (2009). Resources, Conservation and Recycling, 53(10), 
592-600. 

Abstract 
Recycling of construction and demolition (C&D) waste is a promising option to conserve scarce landfill 
capacities, to reduce environmental impacts related to final disposal and to save primary mineral resources. 
In Switzerland, recycling of C&D waste is well established, but the high recycling rate is considered a labile 
equilibrium with respect to mid- to long-term developments such as an increase in the generated amounts of 
C&D waste and a shift in the demand patterns from civil engineering (CE) to structural engineering (SE). In 
light of the uncertainties related to the developments of the mineral construction material (MCM) market, 
this paper presents an expert-based formative scenario analysis (FSA) aiming to elaborate possible future 
states for the “C&D waste recycling” system in the Canton of Zurich for the year 2020. The study integrates 
the knowledge of 20 experts representing different stakeholders of the Swiss construction industry and C&D 
waste management, reinforcing collaboration among them. Three types of consistent scenarios were 
identified. They differ in quantity of C&D waste and the demand for recycled material, and thus, in the 
recycling rates which can be ascribed to different constellations of market relevant factors. The study 
identified potential barriers and related strategic orientations in order to assure the recycling of C&D waste 
in the mid- and long-term future. Furthermore, the study shows how FSA can be used as a purposeful means 
for strategic planning in regional waste management. 

4.1 Introduction 
The building and construction industry is responsible for a significant portion of waste (Kourmpanis et al., 
2008; Wang et al., 2004). In industrialized countries, construction and demolition (C&D) waste is by far the 
largest waste fraction, accounting for at least 50% of total generated waste (Schachermayer et al., 2000). 
Sustainably managing this quantitatively vast fraction is considered a priority in waste management because 
of the various toxic substances it potentially contains (Fatta et al., 2003), and, especially in small and densely 
populated countries, due to the shortage of landfill capacities for final disposal (Duran et al., 2006). The way 
C&D waste is managed further affects the amount of primary mineral resources that need to be extracted to 
supply sufficient mineral construction materials (MCMs, Blum and Stutzriemer, 2007). These resources, such 
as gravel, might run short in some countries due to limited deposits (Lüttig, 1986) or use restrictions (Jäckli 
and Schindler, 1986), as they play a significant role in groundwater protection and, thus, in drinking water 
supply. Besides the reduction of C&D waste at source through implementation of waste minimization design 
practices (Osmani et al., 2008) recycling is a promising option to mitigate the aforementioned problems 
(Lawson et al., 2001; Weil et al., 2006). 

In industrialized countries the proportions of the different disposal paths for C&D waste vary widely. In 1997, 
Denmark, Germany and the Netherlands, for instance, showed recycling rates of more than 80%. Finland, 
Ireland and Italy recycled 30-50%, while the recycling rate in Luxembourg and the UK was around 10%. The 
non recycled share was primarily disposed of in landfills (Bordersen et al., 2002; Lawson et al., 2001). In 
Switzerland, C&D waste accounted for almost two-thirds of the total waste generated in 2004, whereof 
about 80% underwent a recycling process (FOEN, 2005); in the Canton of Zurich even about 90% was 
recycled (Stäubli et al., 2005). Civil engineering (CE) used the majority share, amounting to 70% of recycled 
mineral construction materials (RMCMs), while structural engineering (SE) used the rest. Most constructors 
have been quite hesitant to use RMCM, especially in structural applications  (Moser et al., 2004). Although 
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the recycling of C&D waste currently works well in Switzerland, future mid- to long-term developments may 
crucially affect both the potential supply of RMCM and the demand for MCM. C&D waste amounts are 
generally anticipated to increase with intensified deconstruction activities (FOEN, 2001). Causes for this 
change are manifold, including, for instance, changing standards of living (Ferrer et al., 2008) or new energy 
standards for buildings, coupled with limited customization options for existing buildings (Binz, 1999). 
Additionally, a demand shift from civil to structural engineering is on the horizon, due to the diminishing 
number of large-scale projects in civil engineering, such as the construction of the Alpine transversal tunnel 
(NEAT, Stäubli et al., 2005). These developments foreshadow a potentially insufficient demand for RMCM in 
the mid- to long-term future. However, a functioning recycling market, i.e., sufficient demand, is a major 
prerequisite for the success of a recycling scheme (Lang et al., 2006b; Loughlin and Barlaz, 2006; Read, 2001). 
To avoid a potential breakdown of the recycling rate for C&D waste, it seems that the structural engineering 
domain needs to develop a demand for RMCM to an extent that makes up for the decreasing demand in civil 
engineering and is simultaneously capable of absorbing the additional supply caused by the increased 
deconstruction of buildings. 

However, the anticipated changes, i.e., the aforementioned shifts in the required amounts from civil to 
structural engineering and the increase in C&D waste in the future, are associated with considerable 
uncertainties. In addition, it remains unclear what factors and constellations among them will be most 
decisive for the demand for RMCM. Against this background, the cantonal EPA funded a scenario study in 
order to prospectively analyze this problem for the Canton of Zurich from a strategic planning perspective. 
The research questions were the following: 

1. Which system elements of the current “C&D waste recycling” system and interrelations among 
them are crucial for a functioning recycling market in the mid- to long-term future? 

2. What future states (scenarios), and corresponding recycling rates, can result from different 
constellations of these system elements in the mid- to long-term future? 

3. What are potential barriers for the recycling of C&D waste and related strategic approaches to 
overcome these? 

This paper presents the design and results of this scenario study.  Section 2 provides a short theoretical 
background for the scenario methodology applied and recapitulates its practical application, while the results 
are presented in Section 3. The last section interprets the scenarios and provides strategic orientations to 
cope with undesired system developments. The paper concludes with a short discussion on the adequacy of 
FSA for strategic waste and resource management planning. 

4.2 Methods and procedure 
4.2.1 FSA in general 

The construction of scenarios relied on the Formative Scenario Analysis (FSA). This method was introduced 
and illustrated in detail by Scholz and Tietje (2002) in order to distinguish a strictly systematic, impact factor 
based construction of future states of a system from intuitive and less transparent approaches (Spielmann et 
al., 2005). FSA is a formal nine-step procedure consisting of four different phases (cf. Figure 1a). 

In system and goal definition, the specific goals, system boundaries and underlying knowledge base of the 
scenario analysis are clearly defined (Step 1-1). The system analysis aims at generating a thorough 
understanding of the system’s current state and its dynamic potential (Wiek et al., 2008). It starts with the 
representation of the system by defining a sufficient set of adequate impact factors   di  (i = 1,…,M)  (Step 2-1). 
An impact factor is defined as a system element that influences the system behavior or is influenced by other 
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system elements (Lang et al., 2006a; Scholz and Tietje, 2002)1. This step is followed by the systematic 
assessment of the direct mutual impacts between the defined impact factors in an impact matrix (Step 2-2) 
and, subsequently, the sound analysis of the impact matrix (Step 2-3) in order to understand the dynamic 
potential and the structure of the system under consideration. These insights can later be used to describe 
and interpret the scenarios (cf. Sections 3.2 and 4.1), and also for specific adjustments of the set of impact 
factors previously defined (cf. Section 3.1.1, Götze, 1993; Ulbrich Zürni, 2004). In the projection phase, all 

  (X =Ni
M )  possible scenarios are constructed (Step 3-3) based on defined future levels   ni = 1,…,Ni  (i.e., possible 

states in the future) for all impact factors  di
ni  (Step 3-1) and assessed consistencies c (i.e., logical coherence) 

among all pairs of future levels in a consistency matrix (Step 3-2). A scenario S is considered a hypothetical 
but plausible future state of the system and is represented by a consistent set of future levels, one for each of 
its impact factors (Wiek et al., 2009). In the final phase, i.e., scenario selection and interpretation, a small set of 
significantly diverse and consistent scenarios is selected based on clearly defined selection procedures (Step 
4-1). Finally, the selected scenarios are described and interpreted (Step 4-2). 

 

Figure 1. Phases (white: goal formation; light grey: system analysis; medium grey: scenario construction; dark 
grey: scenario selection and interpretation) and corresponding steps of the Formative Scenario Analysis 
(adapted from Scholz and Tietje, 2002). The normal arrows express the sequential procedure of the FSA; the 
dashed arrows show how the insights gained in the impact analysis are used in other steps of the FSA 
(functional approach, cf. Wiek et al., 2009, a). Overview on the types of expert involvement in the course of 
the FSA (b). 

4.2.2 Practical procedure 

In addition to the formulation of the guiding questions (cf. Section 1), in the goal and system definition (Step 
1-1) the “C&D waste recycling” system was defined as follows: the Canton of Zurich was set as the spatial 
boundary, the temporal focus was 2020 and the project considered C&D waste and MCM from civil and 

                                                                            

1 Impact factors can generally be defined on different aggregation levels depending on both the level of 
detail and the perspective taken in analyzing a system. In the presented project, it was on the one hand 
determined by the stakeholder involved in the brainstorming and, on the other hand, by the trade-off 
between an adequate system resolution and methodological practicability of the FSA related to a limited 

number of impact factors. 
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structural engineering2. Besides bringing together specific findings from the literature, mainly unpublished 
reports of several working groups addressing specific aspects of the outlined problem field, the project was 
designed to integrate and structure the knowledge of key experts of the Swiss construction industry and 
C&D waste management. Figure 1b shows how, and in which steps of the FSA, the experts were involved. The 
knowledge of 20 experts, representing different stakeholder groups – seven from business branches, four 
from scientific institutions, three from pressure groups and six from public authorities –was incorporated by 
different collaborative means, i.e., judgments and plausibility checks of either single experts or expert groups, 
depending on the specific task. With few exceptions all 20 experts participated in the steps that involved 
group tasks. 

For the definition of impact factors (Step 2-1) the study team, including three practitioners from the cantonal 
EPA and three scientists from the ETH Zurich, chose a multi-stage procedure applying group brainstorming 
and subsequent reduction procedures. The reduction of the original impact factors resulting from 
brainstorming among the study team to the interim impact factors relied on (i) relevance assessments and 
(ii) conceptual structuring of impact factors (cf. Scholz et al., 2009). For the relevance assessment, three 
external experts, two scientists and one private consultant were also consulted to perform relevance 
judgments on a five-level ordinal scale. Impact factors falling below a defined threshold for the relevance 
mean were removed from the original set. Finally, the set of interim impact factors was customized, i.e., 
excluding existing or adding new impact factors, based on the results of the system analysis phase 
(subsequent to Step 2-3), leading to the definitive set of impact factors used for the scenario construction (cf. 
Section 3.1.1). 

For the assessment of the direct impacts between all pairs of  (definitive) impact factors in an impact matrix 
(Step 2-2), three impact strengths, 0: no impact, 1: weak impact and 2: strong impact, were used. For the 
variety of impact characteristics to be assessed a workshop approach involving all 20 experts was applied. 
The impact assessment was conducted in four subgroups, each dealing with a defined quarter of the impact 
matrix. Overlaps between the quarters allowed for checking the objectivity of the subgroups’ assessment (cf. 
Gausemeier et al., 1995). When judging a direct impact in a subgroup, each expert performed an individual 
assessment. Based on predefined rules of dissent and subsequent consensus building procedures, the 
subgroup’s judgment was finally determined. In cases of unresolved dissent, the mean of the individual 
judgments was used. In addition to the impact strengths, we recorded qualitative information on the impact 
characteristics in order to deepen the understanding of the dynamic potential, which can later be used for 
enriching the description and interpretation of the scenarios (cf. Sections 3.2 and 4.1). 

The analysis of the impact matrix (Step 2-3) was facilitated by standard system analysis software (Tietje, 
2006b). The analysis also involved a Mic-Mac analysis (Godet, 1986) in order to account for indirect impacts. 
Initially, two characteristics of the impact factors were determined: activity (the sums of each row of the 
impact matrix), indicating the strength of effect on other impact factors, and passivity (the sums of each 
column of the impact matrix), indicating the strength of being affected by other impact factors. Depending 
on these characteristics, the impact factors were assigned with specific, systemic significance, i.e., active, 
passive, ambivalent and buffering (Vester, 1988; Wiek et al., 2008). We proceeded with a systematic, 
software-driven analysis of the impact matrix in order to identify the regulatory mechanism (causal 
mechanism created by at least two interrelated impact factors) and the feedback loops (closed regulatory 
mechanisms reinforcing or balancing themselves) that seemed to be decisive for system development. These 
insights led to the slight adjustment of the interim impact factors. Finally, the analysis of regulatory 
mechanisms and feedback loops, together with information on the impact characteristics, allowed for the 

                                                                            

2 C&D waste management is, on the one hand, governed by environmental authorities (state, canton) in 
strong cooperation with major waste management associations. Compulsory law provides a rough frame, 
e.g., on-site C&D waste separation or clear regulations regarding landfilling except for prices. Further 
aspects are framed in a few guidelines and in a set of sector agreements. The supply of (R)MCM, on the 
other hand, is governed by construction authorities (state, canton) together with the major association of 
the construction industry mainly through a set of structural engineering standards, e.g. mechanical 
properties of (R)MCM. The Canton of Zurich, as a major and pioneering actor in Switzerland in both 
domains, plays an active role in shaping this regulatory frame. 
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creation of a rough structure of the “C&D waste recycling” system. The system analysis concluded by 
checking the plausibility of the elaborated results by sending a summary report to the involved experts with a 
request to identify possible disagreements and provide suggestions for modification. 

The projection phase started with the definition of three possible future levels   (ni = 1,2,3)  for each impact 

factor  di
ni  (Step 3-1) representing one trend and two extreme developments. We defined the future levels 

based, primarily, on the literature. In case of missing or ambiguous data, four area-specific experts were 
involved. In the latter case, the definition of future levels was based on expert judgments, whereas in the 
former case, the experts were asked to test the plausibility of the selected literature data. The definitions 
used were partly quantitative and partly qualitative, depending on the factors’ quantifiability and the 
availability of quantitative data. 

Like the impact assessment, the consistency assessment applied a matrix approach to determine the 
consistency c among all future levels of impact factors (Step 3-2).  The consistency was determined based on 
the following four-digit ordinal scale: −1: the occurrence of one future level would make the occurrence of the 
other impossible  (inconsistent); 0: the occurrence of one future level would not affect the occurrence of the 
other (coexistent); 1: the occurrence of one future level would support the occurrence of the other 
(supporting); 2: the occurrence of one future level would require or cause the occurrence of the other 
(conditional). In addition to the members of the study team, three selected experts were consulted to 
individually judge the consistency relations. Based on predefined rules of dissension and subsequent 
consensus building procedures, the matrices were merged into a consensual version. In the case of 
unresolved dissent, area-specific experts were asked for a definitive judgment. 

In Step 3-3, the scenarios were constructed by analyzing the consistency matrix. A scenario   Sk  (k = 1,…l ,…X )  is 

a complete combination of specific future levels of all impact factors   (d1
n1 ,…,di

ni ,…dN
nN ) . The step was 

facilitated by software for consistency analysis (Tietje, 2006a), calculating consistency indices for all possible 

  (X =Ni
M = 4'782'969)  scenarios, including the number of inconsistencies   cinco

∗ (Sk ) , additive   cadd
∗ (Sk )  and 

multiplicative consistency values   cmult
∗ (Sk ) , as well as diversity values for scenario pairs   d(Sk ,Sl ) , i.e., number 

of different future levels among all impact factors (Tietje, 2005). 

The criteria-based selection of the scenarios (Step 4-1) aimed to finish with a small set of significantly diverse, 
consistent scenarios. The first sub-step referred to the consistency criterion and filtered the scenarios 

according to a defined number of tolerated inconsistencies   (cinco
∗ =0)  and a defined cut-off value for the 

additive consistency   (cadd
∗ ≥ 30) . We then applied a reduction criterion (“local efficiency”) that identified the 

most consistent scenario from a cluster of highly similar   (d(Sk ,Sl )= 1)  scenarios. Finally, we applied an 
algorithm which, based on the most consistent scenario, identified the scenarios with optimal characteristics 
in terms of diversity and consistency (“distance-to-selected”, Tietje, 2005). The criteria driven procedure was 
complemented by a concept-driven selection, which identified the impact factor levels of predefined scenario 
types (cf. Scholz and Tietje, 2002). This was performed in order to assure that the final set contained the most 
representative scenarios in terms of the guiding questions. The future levels of two specific impact factors 
determining the recycling rate   rC&D  of C&D waste guided the concept-driven selection. The applied two-stage 
procedure resulted in the final selection of five scenarios covering three specific combinations of future levels 
of the two impact factors (cf. Section 3.2). 

The concluding description and interpretation of the selected scenarios (Step 4-2) relied on results of the 
system analysis and linked them to the resulting scenarios. In analogy to the results of the system analysis, 
the scenarios underwent a plausibility check by all experts involved. The overall results of the FSA allowed for 
the derivation of strategic orientations for the governance of the “C&D waste recycling” system (cf. Sections 
3, 4.1 and 4.2). 

4.3 Results 
As the illustration of all intermediate results is beyond the scope of this paper, we restricted the result section 
to the most important insights from the system analysis and the scenario construction.  Important 
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intermediate results, such as the impact matrix (cf. Figure S1) and the consistency matrix (cf. Figure S2), are 
included as supporting material. 

4.3.1 System analysis 

4.3.1.1 Definitive impact factors 

Table 1 lists the 14 definitive impact factors used for the construction of the scenarios, including short 
definitions, indicators and characterizations of current levels. This set of impact factors was derived from the 
38 original impact factors developed during brainstorming (Table S1). 

Table 1. Overview of the definitive impact factors  di  used for the scenario construction, including their 
definitions, the indicator or unit in which they are measured and their current state (the years in parentheses 
indicate the reference year; all other data refer to 2006; PMCM: primary mineral construction materials) 

Impact factor   di  Definition Indicator/unit Current level 

Amount of C&D waste 

  (d1 )  
Amount of annually accruing C&D waste in the 
Canton of Zurich 

 mt/a  1.6 – 1.8 Mio.a 
(2004) 

Demand ratio of RMCM 
in CE   (d2 )  

Demand share of RMCM in total demand for MCM 
in civil engineering 

% 48%b,c,d (2004) 

Demand ratio of RMCM 
in SE   (d3 )  

Demand share of RMCM in total demand for MCM 
in structural engineering 

% 9%b,c,d (2004) 

Image of RMCM   (d4 )  Entirety of attitudes toward RMCM In relation to 
PMCM 

worsee 

Pollutant potential of 
RMCM   (d5 )  

Concentrations of pollutants (i.e. chromate, PAK, 
etc.)  

In relation to 
PMCM 

higher 

Law & standards   (d6 )  Entirety of legal regulations and directives that 
affect the handling of MCM 

Impact on 
application of 
RMCM 

fostering 

Recovery costs   (d7 )  Total costs associated with the deconstruction 
process of buildings and the subsequent recycling 
process for C&D waste 

 EUR/mt  

 

22 – 31c 

Gravel price   (d8 )  Market price of gravel  EUR/mt  6 – 13f 

Landfill price   (d9 )  Price for the disposal of C&D waste in inert 
materials landfills 

 EUR/mt  16 – 22d 

 

Energy price   (d10 )  Price of crude oil  EUR/mt  390g 

Distance ratio (recycling 
facility vs. landfill)   (d11 )  

Ratio of the mean distances from deconstruction 
site to recycling facility and landfill site respectively 

- smallerh 

Tech. innovations   (d12 )  Improvement in efficiency of deconstruction and 
recycling processes 

Relative to 
optimization 
potential 

lowj 

Communication   (d13 )  Frequency and content of spreading information 
regarding the recycling of C&D waste by the 
competent agency 

- inadequatee,h 

Constructors’ 
willingness   (d14 )  

Willingness of constructors to handle MCM in an 
environmentally friendly way. 

- lowh 

a Stäubli et al. (2005) f Eberhard Bau AG (2006) 
b Brunner et al. (2006) g Shell (2006) 
c H. Eberhard (personal communication, 13.10.2006) h E. Kuhn (personal communication, 4.10.2006) 
d Kind et al. (2006) i R. Wagner (personal communication, 6.10.2006) 
e Wagner (2004) 
 
The two impact factors “availability of primary minerals” and “market structure of construction industry” 
were excluded from the interim set because their systemic characteristics indicated low systemic significance 
compared to the other factors considered. 
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4.3.1.2 Dynamic potential of the system 

Figure 2 depicts the system grid, in which the impact factors are located according to their activity and 
passivity with regard to the direct impacts, indicating the impact factors’ systemic significance. Analyzing the 
indirect impacts with Mic-Mac analysis revealed no significant changes of the factors’ location within the 
system grid. For the sake of traceability of the results presented in the following sections, a graphic 
representation of the strong direct impacts, in the form of a system graph, is provided in the supporting 
materials (cf. Figure S3). 

 

Figure 2. System grid of direct impacts. Names of the four sectors distinguished are given in the respective 
corners. The icons stand for the clusters the impact factors were assigned to (: context; : potential supply; 
: demand; : demand drivers; : interventions; cf. Section 3.1.3) 

The impact factors are homogeneously allocated to the four sectors of the system grid. Three of them have a 
disproportionately high activity and relatively low passivity, i.e., are active impact factors, indicating control 
factors for system regulations. Another three factors have both disproportionately high activity and passivity, 
i.e., are ambivalent impact factors, indicating highly important, but, at the same time, highly sensitive system 
elements whose effects on the system dynamics are scarcely predictable. Five impact factors have 
comparatively high passivity and relatively low activity, i.e., are passive impact factors, pointing to a reactive 
character by showing the effects of the system behavior. The remaining three impact factors both have 
relatively low activity and passivity, i.e., are buffering, and are considered stabilizers of the system. The 
ambivalent factor “law & standard” exerts the strongest influence on the system and is, at the same time, 
considerably affected by the system, i.e., regulations potentially affect almost all factors as a response to 
undesired system states. The “demand ratio of RMCM in SE” is the most important factor, indicated by the 
highest product of activity and passivity. On the one hand, the demand for RMCM in structural engineering 
depends on incentives created by several other factors and legal specifications. On the other hand, the 
amount of demanded RMCM has significant implications for the development of the system, e.g. by 
stimulating the image of RMCM or affecting price levels of competing products. The most reactive impact 
factor is “technological innovations”. The exploitation of technological optimization potentials strongly 
depends on the constellation of the other system elements, e.g. on the demanded amounts of RMCM. 

The impact analysis led to the identification of four feedback loops (cf. Figure 3a.1–3a.4), which all emanated 
from the factor  “demand ratio RMCM SE” and appeared to be most decisive in determining the recycling rate 
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for C&D waste in 2020. As indicated, two of the feedback loops are positive (i.e., reinforcing dynamics; cf. 
Figure 3a.1, 3a.2), two are negative (i.e., stabilizing or balancing dynamic; cf. Figure 3a.3, 3a.4). 

The two positive loops (cf. Figure 3a.1, 3a.2) describe a reinforcing technological optimization process, 
indirectly stimulating the demand for RMCM in SE, i.e., the exploitation of technological innovation 
potentials depends on the demand for RMCM. Innovation can lead to a reduction in the “pollutant potential 
of RMCM”, which improves the “image of RMCM”. The improved image stimulates the demand for RMCM in 
structural engineering (cf. Figure 3a.1). “Technological innovations” can also reduce the costs associated with 
the deconstruction and recycling process and, consequently, the price of RMCM, which also positively affects 
their demand (cf. Figure 3a.2). The negative feedback loops (cf. Figure 3a.3, 3a.4) counteract the 
aforementioned positive dynamics. These mechanisms highlight the potential behavior of gravel and landfill 
suppliers (often the same supplier), who like to sustain primary material demand by setting financial 
incentives for the disposal of C&D waste in landfills  (“landfill price”) and demanding primary mineral 
resources (“gravel price”). 

 

Figure 3. Four relevant feedback loops of the RMCM market. Only the impact factors involved and the strong 
impacts (= 2) are shown. The plus and minus signs indicate reinforcing (+) and balancing (–) dynamics, 
respectively (a). System structure of the RMCM market including the five clusters: context of C&D waste 
generation, potential supply, demand drivers, demand and interventions. The arrows are of a purely 
qualitative nature; their thickness does not indicate impact strengths. The factors in bold are those involved 
in the feedback loops (b). 

4.3.1.3 Identified structure of the system 

The system analysis also provided evidence for a rough, general structure of the market for RMCM. This 
structure, presented in Figure 3b, is composed of the following five clusters of similar impact factors: (i) 
context of (R)MCM market, (ii) potential supply, (iii) demand, (iv) demand drivers and (v) interventions. The 
“context” of the RMCM market is represented by the impact factor “energy price”, determining, among other 
things, the rate of building reconstruction, i.e., deconstruction and subsequent new construction. This rate 
determines the amount of accruing C&D waste, which makes up the “potential supply” of RMCM. Eight 
impact factors – namely “image of RMCM”, “pollutant potential of RMCM”, “recovery costs”, “gravel price”, 
“landfill price”, “distance ratio”, “technological innovations”, “constructors’ willingness” – constitute “demand 
drivers”, whose constellation (future levels and mutual interrelations) determines the demand for RMCM, 
and thus, the amount of C&D waste that is recycled or disposed of in landfills. The “demand” is characterized 
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by the two impact factors “demand ratio of RMCM in CE” and “demand ratio of RMCM in SE”. “Law & 
standards” and “communication” constitute the cluster “interventions” representing means that allow 
administrative bodies or interest groups to govern both “demand” and “demand drivers”, whereas both 
“potential supply” and “context” lie beyond their intervention range. 

4.3.2 Overview of scenarios 

This subsection focuses on the description of the selected scenarios. The scenarios are assigned to two 
extreme types (A and B) and one type (C), representing a possible trend extrapolation, with specific recycling 
rates for C&D waste   rC&D

3. Table 2 shows the defined future levels of all impact factors and their respective 
levels, including the change compared to the current level for all selected scenarios. 

Table 2. Illustration of the defined future levels  di
ni  (columns 2-4) of the impact factors  di  and the selected 

scenarios  Sk  including the respective future levels (1-3) of the impact factors (columns 5-9). 

Impact factor  di  Levels  di
ni  Scenarios  Sk  

   di
1    di

2    di
3  Type A Type B Type C 

    A-1 A-2 B-1 B-2 C-1 

Amount of C&D waste   (d1 )  1.6 Mio. mt/aa 2.7 Mio. mt/ab 4.5 Mio. mt/a  3 3 3 3 2 

Demand ratio RMCM CE   (d2 )  71%b,c,d,e 100%b,c,d,e 100%b,c,d,e 3 3 3 1 3 

Demand ratio RMCM SE   (d3 )  6%b,c,d,e 10%b,c,d,e 34%b,c,d,e 3 3 1 1 2 

Image of RMCM   (d4 )  worse equal better 3 3 1 1 3 

Pollutant potential of RMCM   (d5 )  higher equal reduced 3 3 1 1 3 

Law & standards   (d6 )  neutral fostering strongly 
fostering 3 2 2 2 3 

Recovery costs   (d7 )  16 EUR/mtc 28 EUR/mtc 38 EUR/mtc 1 1 3 1 2 

Gravel price   (d8 )  3 EUR/mtc 8 EUR/mtd 19 EUR/mtd 3 1 3 1 3 

Landfill price   (d9 )  6 EUR/mtc 16 EUR/mtd 38 EUR/mtd 3 1 3 1 3 

Energy price   (d10 )  70 EUR/mtg 450 EUR/mtg 1250 EUR/mth 3 1 3 3 2 

Distance ratio (recycling facility vs. 
landfill site)   (d11 )  smaller equal larger 1 1 3 3 1 

Technological innovations   (d12 )  low medium high 3 3 2 2 3 

Communication   (d13 )  inadequate adequate extensive 3 2 3 3 2 

Constructors’ willingness   (d14 )  low medium high 3 3 1 1 3 

Recycling rate   (rC &D )     90% 90% 43% 33% 80% 

a Stäubli et al. (2005) e Hegi & Sieber (2008) 
b Brunner et al. (2006) f Ferrer et al. (2008) 
c H. Eberhard (personal communication, 13.10.2006) g Shell (2006) 
d Kind et al. (2006) h Niederberger (2005) 

                                                                            

3   rC&D is determined by different combinations of future levels of “amount of C&D waste”   (d1 ) , and “demand 

ratio of RMCM” in both CE   (d2 )  and SE   (d3 )  according to:   rC&D = (d2
ni qtot ,ce +d3

ni qtot ,se )/d1
ni ; with the total 

annual demand for MCM in civil engineering   (qtot ,ce = 1.48 ⋅106  mt)  and in structural engineering 

  (qtot ,se = 7.61⋅106  mt) . 
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4.3.2.1 Type A scenarios: extensive building reconstruction based on closed material cycles 

Intensive building reconstruction has lead to a generation of huge amounts of C&D waste 

  (d1
3 = 4.5 ⋅106  mt/ a) . “Law & standards” exert a strongly supportive influence on the recycling of C&D waste 

  (d6
3 )  and governmental agencies provide widespread information to foster the recycling of C&D waste   (d13

3 ) . 
The potentials for technological innovations in the deconstruction and recycling process have been largely 

exploited   (d12
3 ) , leading to a highly efficient recycling process where the pollutant potential is significantly 

reduced   (d5
3 )  without increasing costs   (d7

1 = 16 EUR /mt) . RMCM have a better image than primary materials 

  (d4
3 )  and constructors are willing to handle resources in an environmentally friendly way   (d14

3 ) . These 

developments have resulted in high demands for RMCM in both civil engineering   (d2
3 = 100%)  and structural 

engineering   (d3
3 = 34%) , leading to a recycling rate for C&D waste of 90%. 

The two selected scenarios of type A mainly differ in the future levels of the three impact factors “gravel 
price”, “landfill price”, and “energy price”. In scenario A-1 (“recycling through price regulations”), recycling 

benefits from the high “gravel price”   (d8
3 = 19 EUR /mt)  and “landfill price”   (d9

3 = 38 EUR /mt) . In contrast, 
these impact factors are on the lowest level in scenario A-2 (“recycling as self-runner”). In this scenario, the 

recycling of C&D waste works efficiently due to the constructors’ willingness to apply RMCM   (d14
3 )  even in 

the absence of financial incentives for the use of RMCM. 

4.3.2.2 Type B scenarios: extensive building reconstruction at the expense of raw materials 

The intensive building reconstruction, partly ascribed to financial incentives, created by high costs for energy 

  (d10
3 = 1250 EUR /mt)  leads to the generation of 4.5 million tons of C&D waste   (d1

3 ) . “Law & standards” 

moderately support the recycling of C&D waste   (d6
2 )  and governmental agencies try to foster the recycling by 

providing adequate information   (d13
2 ) . The potential for technological innovation in the deconstruction and 

recycling process have only been partly exploited   (d12
2 ) . The image of RMCM is worse than that of PMCM 

  (d4
1 ) , at least partly associated with the high pollutant potential   (d5

1 )  and constructors show low willingness 

to apply RMCM   (d14
1 ) . Recovery facilities are quite rare. Consequently, C&D waste must be transported over 

long distances for recycling when compared to the final disposal in landfills, which is a considerable cost 

factor for the recycling pathway   (d11
3 ) . This constellation leads to an unchanged demand for RMCM in 

structural engineering   (d3
1 =6%) . 

The two selected scenarios comprised in type B differ in the impact factors “demand ratio of RMCM in CE” 

  (d2 ) , “recovery costs”   (d7 ) , “gravel price”   (d8 )  and “landfill price”   (d9 ) . In the scenario B-1 (“undeveloped 
market in structural engineering”) the four impact factors are on the highest level 

  (d2
3 = 100%; d7

3 = 38 EUR /mt; d8
3 = 19 EUR /mt; d9

3 = 38 EUR /mt) , whereas scenario B-2 (“monopoly of gravel 
suppliers: breakdown of recycling”) is characterized by the lowest level of these impact factors 

  (d2
1 = 171%; d7

1 = 16 EUR /mt; d8
1 = 3 EUR /mt; d9

1 =6 EUR /mt) . In scenario B-1, C&D waste is recycled up to a rate 
of 43%, whereas in scenario B-2, the stagnating demand in civil engineering even leads to a recycling rate of 
33%. The two scenarios show the importance of quality considerations, i.e., concentration of pollutants and 
mechanical properties, in structural engineering. Scenario B-2 gives further evidence that an unfavorable 
price structure can even lead to a breakdown of the demand for RMCM in civil engineering. 

4.3.2.3 Type C scenarios: trend progression of building reconstruction 

The scenario C-1 (“linear trend of SE demand for RMCM”) shows similar characteristics to scenario A-1 
(“recycling through price regulations”), but assumes a trend extrapolation of C&D waste amounts. Besides the 

“amount of C&D waste”   (d1
2 = 2.7 ⋅106  mt/ a) , differences refer to slightly increased “recovery costs” 

  (d7
2 = 28 EUR /mt)  and the communication activities of governmental agencies, which are barely adequate 

  (d13
2 ) . The levels of the other impact factors correspond to those of scenario A-1 “recovery through price 

regulations”. The projected increase in the demand for RMCMin structural engineering   (d3
2 = 10%)  leads to a 
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recycling rate of 80%. The scenario indicates that the current rate of increase in the demand for RMCM in 
structural engineering is too small to compensate for the decreasing demand for RMCM in civil engineering. 

4.4 Discussion and conclusions 
The following discussion is structured in three parts. Initially, the scenarios are interpreted (cf. research 
questions 1 and 2). Next, we provide strategic orientations that can be derived from the FSA (cf. research 
question 3). The paper ends with some methodological considerations on FSA’s potential in strategic waste 
and resource management planning. 

4.4.1 Scenario interpretation 

The scenario selection led to a wide spectrum of possible future states for C&D waste recycling in the Canton 
of Zurichin2020. This is indicated by recycling rates for C&D waste ranging from 33 to 90% among the 
selected scenarios, depending on both the amount of C&D waste and the different constellations of demand-
driving and intervening impact factors. Of course, among the main demand affecting mechanisms are cost 
considerations of consumers (cf. Loughlin and Barlaz, 2006). In the case of building reconstruction, the costs 
of the whole recycling pathway (including deconstruction, transport and delivery) are balanced against the 
costs associated with the disposal of deconstructed materials (“landfill price”) and the supply of PMCM 
(“gravel price”). It can be assumed that the developments that lead to scenario B-2 “monopoly of gravel 
suppliers: breakdown of recycling” and B-1 “undeveloped market in structural engineering” are, to some extent, 
determined by the negative feedback mechanisms (cf. Figure 3a.3, 3a.4) in which gravel and landfill suppliers 
(often the same supplier) aim to sustain the disposal of C&D waste in landfills and the demand for primary 
materials. Scenario B-2 gives further evidence that missing financial incentives might even lead to stagnation 
in the use of RMCM in civil engineering. Other scenarios (A-2, B-1) highlight the importance of other demand-
driving factors and their interplay in the decision for or against RMCM. In scenario A-2 “recycling as self-
runner”, for instance, the factors “image of RMCM”, “pollutant potential of RMCM”, and “constructors’ 
willingness” are highly decision relevant. In this future state, the recycling of 4.5 million tons of C&D waste is 
exemplarily high with a recycling rate of 90%, though the disposal of C&D waste and the supply of primary 
minerals benefits from decreased landfill and gravel prices. The exploitation of technological innovations, 
potentially induced by a pre-existing demand for RMCM (cf. Figure 3a.1) or clearly defined material standards, 
seems to play a dominant role in such developments by positively affecting costs (cf. Figure 3a.2) and quality 
of RMCM (cf. Figure 3a.1), stimulating its demand. In addition, these developments benefit from the 
willingness of constructors to contribute to the conservation of primary materials and landfill volumes. 
Quality considerations, namely concentration of pollutants and mechanical properties, are crucial for the 
demand for RMCM (cf. scenarios B-1 and B-2). This holds true for structural engineering in particular due to 
more sophisticated structural applications and related liability risks, whereas in civil engineering the demand 
for RMCM depends more strongly on financial considerations. Constructors are still quite skeptical about the 
use of RMCM, especially in the case of recycled concrete from mixed rubbles, whereas the attitude towards 
recycled concrete from concrete rubbles is somewhat better (Hoffmann and Laubis, 2004; Poon, 2007). As 
evidenced by scenario C-1, “linear trend of SE demand for RMCM”, a continuing demand increase for RMCM in 
structural engineering does not suffice to compensate for the decreasing demand for RMCM in civil 
engineering and to absorb the additional supply related to intensified deconstruction of buildings. Thus, 
further efforts are necessary to stimulate the demand for RMCM in structural engineering, especially from 
mixed rubbles, by inducing the positive dynamics mentioned (cf. Section 4.2). 

4.4.2 Strategic orientations 

In the following, we present an overview of identified barriers and related strategic orientations that were 
directly derived from the scenario analysis, aiming to stimulate the demand for RMCM  (especially from 
mixed rubbles) in structural engineering in order to assure future recycling of C&D waste at the current level. 
In the case of unfounded prejudice of constructors toward RMCM, information spreading is an appropriate 
option. It may include the sensitization of constructors towards environmental concerns (d13  d14, cf. Figure 
3b), for instance, by illustrating the environmental benefits of RMCMs compared to MCM, image building by, 
e.g. the notional equalization of the negatively perceived waste term to primary minerals (d13  d4), or by 
providing constructors with selected specifications about the physical and toxicological properties and 
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suitable applications of different RMCMs (d13  d5). The latter seems to be important as the lack of 
information about performance is generally considered a major barrier to the use of RMCM (Poon, 2007; Rao 
et al., 2007). Illustrating the suitability of RMCM in public building projects can help to reduce the irrational 
concerns constructors have towards RMCM, but also to induce technological improvements. 

The definition and release of application-specific quality standards for different RMCMs is another option to 
foster the demand of RMCM in structural engineering (d6  d5). This would reduce the uncertainties related 
to the suitability of RMCM in different structural applications and associated liability risks. Associated with 
this, Hoffmann and Laubis (2004) suggest reconsidering outdated, conservative standards, no longer aligned 
with today’s technological achievements, as they are currently impeding the use of RMCM to some extent. 
Clear quality standards can also create an incentive to exploit existing and explore new technological 
potentials for efficiency gains in the deconstruction and recycling process. Technological innovations are 
particularly needed if the quality  (pollutants, structural properties) of RMCM is substandard or if the recovery 
costs are too high compared to PMCM (d6  d12  d5/d7). For recycled concrete from mixed rubbles, for 
instance, Hoffmann and Laubis (2004) see an unexploited potential for quality improvements, i.e., 
compressive strength, which has been associated with the optimization of grain shapes and grain size 
distributions in the milling process (cf. Katz, 2004). Finally, administrative bodies could interfere via laws if 
the system developed in undesired directions or other measures were ineffective. Actions could range from 
the taxation of primary minerals (d6  d8) and landfill volumes (d6 d9) to the specification of compulsory 
fractions of RMCM in structural engineering (d6  d3). 

4.4.3 FSA and strategic planning 

Scenario analysis is often not an end in itself, but is an element of a strategic planning or decision-making 
process (Godet, 2000; Höjer et al., 2008; Shearer, 2005), in which it fulfills both result-related and procedural 
functions (for an overview on the different functions of scenarios, see Wiek et al., 2006). Regarding result-
related functions, the applied scenario analysis generated comprehensive system knowledge by integrating 
and structuring both findings from available analyses and the expertise of 20 experts from the Swiss 
construction industry and C&D waste management. The selected scenarios, with corresponding recycling 
rates, give planners an idea of possible future states (scenarios) and related insufficiencies that could emerge 
from the current state of C&D waste management. By linking the scenarios to the results of the system 
analysis, the scenario analysis highlights the dynamics that underlie certain developments of the system. 
This facilitates the early identification of the control factors toward which strategy building should be 
directed, in order to counteract undesired system developments. Nevertheless, concrete strategy building 
often requires more detailed considerations of a system than FSA can provide, which can be ascribed to the 
limited number of impact factors to be considered in an FSA. In the project presented here, emphasis was 
placed on a generic representation of the system (strategic level, cf. Wiek et al., 2009). These relatively generic 
insights, i.e., amounts of C&D waste, demand-driving factors and demand for RMCM, need, for instance, to 
be translated into different C&D waste fractions, such as concrete rubble, mixed rubble, road rubble and 
resulting RMCM, as there are considerable differences among these. 

Regarding procedural functions of FSA in strategic planning processes, its adequacy for integrating different 
types of knowledge is a major strength (Lienert et al., 2006; Scholz and Tietje, 2002). In the present case, it 
allowed for synthesizing both specific results from various analyses and perspectives of various experts to 
generate the whole picture of the “C&D waste recycling” system (integration of distributed knowledge). In 
addition to enrichment of the project as regards content, the applied participatory settings, e.g. the workshop 
for the “impact assessment”, established and intensified collaboration, knowledge sharing and mutual 
learning (Scholz et al., 2000) among the 20 experts from different stakeholder groups of the Swiss 
construction industry and C&D wastes management. Thus, the expert-based scenario analysis facilitated 
capacity building for and the acceptance of future problem-solving efforts among key agents (Scholz et al., 
2009). In summary, FSA is a powerful approach in early phases of strategic waste and resource management 
planning that copes with long-term time horizons and the associated uncertainties. It fosters the early 
identification of future insufficiencies and opportunities and related strategic starting points to counteract 
undesired system developments or promote desired ones, based on the integration of multiple perspectives. 
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Appendix A. Supplementary data 

 

Figure S1. Completed impact matrix containing the direct impacts between all pairs of impact factors. 
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Figure S2. Consensual consistency matrix containing the consistency assessments between all pairs of future 
levels of the impact factors. 
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Figure S3. System graph of strong impacts (=2) of the RMCM market (the emphasized impact factors are 
involved in the relevant feedback loops). 

 

Table S1. First set of 38 original impact factors that resulted from the brainstorming session 

Impact factor Impact factor 

Availability of primary minerals Technological innovations recycling 
Amount of C&D waste Gravel price 
Changes in building stock Landfill price 
Building renewal rate Market pattern 
Demand MCM Business activity  
Demand RMCM Energy price 
Quality of RMCM Constructors’ willingness 
Image of RMCM Transport distance recycling 
Gravel tax Transport distance landfill 
Energy policy Landfill density 
Law Regional differences 
Standards Cantonal differences 
Building authorities Living space standards 
Pressure groups Environmental awareness 
Waste planning Canton Zurich Exemplary role of governmental agencies 
Multiple recycling Communication 
Deconstruction costs Constructor’s demand behavior 
Recycling costs Harmonization EU law 
Technological innovations deconstruction Natural disasters 
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5 Technological change in Swiss thermal waste treatment: 
An expert-based socio-technical analysis 

Spoerri, A., Lang, D.J., Stäubli, B., Scholz, R.W. (resubmitted). Waste Management. 

Abstract 
Understanding technological change provides a crucial basis for governing sustainability transitions. In this 
paper we present an analysis of technological change using the example of Swiss thermal waste processing. 
In recent years, increased concerns about the low quality of residues from grate-firing systems led to the 
examination of alternative technologies. Yet despite clear indications of better performance with respect to 
residue quality, none of these alternatives has been adopted. Based on a two-stage knowledge elicitation 
among 15 leading experts, in a retrospective analysis we identified factors that have significantly affected 
technological change in Swiss thermal waste processing. These factors were then related to three 
technological options representing different types of technological change, i.e., from incremental 
improvements of the existing to the implementation of a new technology. The results indicate that 
technological change is currently in a technological lock-in and provide detailed insights on the causes. The 
lock-in results in the step-wise further development of the status quo grate-firing system despite its 
limitations for improving the residue qualities. Almost all factors (legal, economic, societal, technological) of 
the existing ‘thermal waste management’ system have been well adapted to the cost- and energy-efficient 
grate-firing technology, blocking innovative technologies from entering the Swiss market. In addition, 
pressures from the context, e.g., societal pressure related to landfill risks, have not been strong enough to 
promote non-incremental change. 

Keywords: Thermal waste treatment; residue quality; technological change; socio-technical transitions; 
expert knowledge integration 

5.1 Introduction 
In most developed countries, an important pillar of integrated waste management systems is thermal 
processing of waste, which is related to two major advantages, namely both mass and volume reduction and 
energy efficiency (Abanades et al., 2002). In Switzerland, thermal processing of municipal solid waste is 
applied to almost 50% of the total municipal solid waste (FOEN, 2007). Despite the aforementioned 
advantages, one of the major end-of-pipe problems of Swiss waste management relates to residues from 
thermal processes, i.e., bottom ash (BA), air pollution control (APC) residues. Their low quality leads to 
problematic final disposal requiring technological barriers, degasification systems and active control during 
operation as well as extensive, long-term aftercare (Quina et al., 2008; Rani et al., 2008). This conflicts with 
the Swiss guidelines on waste management (FOEN, 1986), which demand that the chemical character of 
disposed matter is similar to that of the earth’s crust. The mentioned residues further contain considerable 
amounts of valuable and scarce metals (cf. Section 2.2). 

In recent years, many pyrolysis and gasification technologies have emerged to address the issue of harmful 
process residues and also to improve the energy output (for a comprehensive overview of these technologies 
see Malkow, 2004; Yassin et al., 2005). Some of them have already been broadly introduced in markets of 
other countries, for instance Japan (Sakai, 2003; Sell and Scholz, 2003). In Switzerland, some politicians 
expressed concern with residue quality in form of a postulate and advocated improved thermal waste 
treatment technologies (Postulat Ziegler, 1998). The postulate resulted in the discussion and examination of 
a broad spectrum of innovative technologies. However, this has not yet led to the market introduction of said 
technologies, and thus the residue problem still represents a major shortcoming of Swiss waste 
management (Hanser et al., 2006; Ludwig et al., 2003). 
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From a societal perspective, thermal waste management has to provide eco-efficient, socially accepted and 
convenient processing of burnable waste. Thus thermal waste management is a typical example of a socio-
technical system (Berkhout, 2002; Flüeler, 2006; Geels, 2005). Socio-technical systems consist of 
configurations of different technological, environmental, economic, political, and socio-cultural elements 
(Geels, 2005; Smith, 2003). Understanding the mechanisms underlying socio-technical change is crucial for 
governing sustainability transitions directed at meeting human needs more efficiently (Ayres and Ayres, 
2002; Hekkert et al., 2007; Kemp, 1994). Socio-technical transitions generally comprise a long-term, non-
incremental shift from a more or less stable socio-technical configuration to another, guided by visionary and 
long-term goals (Kemp and Martens, 2007; Rotmans et al., 2001). 

Considered an interesting example for the analysis of technological change patterns, the residue problem 
became the object of investigation in a Swiss case study1 presented in this paper. The retrospective case 
analysis aimed at integrating and structuring the knowledge of experts who were prominently involved in 
the above-mentioned discussion and examination in order to discover why the discussed alternative 
technologies expected to significantly mitigate the problem of insufficient residue qualities have not entered 
the Swiss market. Understanding the underlying socio-technical patterns should provide useful orientations 
for the sustainability governance of upcoming transformations in Swiss thermal waste processing and, to 
some extent, of socio-technical systems in general (cf. Markard and Truffer, 2008). The paper addresses the 
following research questions: 

1. What are the requirements a new thermal treatment technology should ideally fulfill as part of 
integrated waste management committed to sustainable development (i.e., vision for the 
transformation process, desired target state of the transformation process)? 

2. Which factors affect technological change in Swiss thermal waste processing and how can they be 
purposefully structured in a theoretical framework? 

3. Which factors and configurations among factors promoted or inhibited technological change with 
respect to specific technological options? 

As the direction of technological change is strongly determined by past developments and the present socio-
technical configuration, section 2 provides a short historical recapitulation of past technological change and 
an overview on the present situation of thermal waste processing in Switzerland. Section 3 illustrates the 
methodology, including the theoretical framework used and the procedure applied for knowledge 
integration. The results are presented in the fourth section. It presents the general findings related to 
technological change in Swiss thermal waste processing and the application of these findings to exemplary 
technological options. These options represent different types of technological change in order to refine the 
analysis. The paper ends with a discussion of the results by (i) generating the concluding picture of 
technological change patterns in the domain of Swiss thermal processing of waste and (ii) connecting them 
to general patterns of technological change identified in methodological contributions. Finally we show how 
the results can be used either as input for system governance or as input for various transition methods. 

5.2 The case: Thermal waste processing in Switzerland 
5.2.1 Historical digest of drivers of thermal waste processing 

Technological change in the field of Swiss thermal waste processing can be differentiated into three stages, 
namely the initial market adoption, market diffusion, and process upgrades of grate-firing systems. Thermal 
waste processing technologies were initially adopted in the city of Zurich in 1904 driven by widely perceived 
sanitary problems and resulting societal pressures. At that time, non-recoverable waste was disposed of in 
open dumps, mainly in the remote areas of densely populated cities. The cholera epidemic in Europe between 
1829 and 1855 together with the discovery of the relation between sanitary living conditions and vulnerability 
to disease transmission led the rural population to refuse the waste disposal on their land by threat of 

                                                                            

1 The case study was organized and performed by a project steering board consisting of nine representatives 
from three stakeholders – four from federal and cantonal environmental protection agencies (FOEN, AWEL), 
one from the dominant Swiss waste association (VBSA) and four from academia (ETH Zurich). 
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violence. This made the first plant implementation indispensable due to the lack of dumping sites (Belevi, 
1998; Lemann, 2005). This plant remained the exception in the Swiss context for decades. Besides 
composting, uncontrolled dumping was still the dominant disposal path. The broad implementation of 
thermal waste processing plants was driven by two major developments. First, the increasing risks of 
leaching disposals on water resources led to the implementation of the Swiss Water Protection law in 1957 
prohibiting the uncontrolled dumping of waste (GSchG, 1957). Second, economic growth after World War II 
and the emergence of upcoming plastic packaging shifted the waste composition to a higher caloric value 
and to fewer compostable amounts (Pfister and Bär, 1996). These developments paved the way for an era of 
thermal waste processing in grate-firing systems. Besides significant improvements, i.e., destruction of 
organic compounds or volume reduction, the broad implementation of thermal processes resulted in an 
unintentional problem shift from pollution of soil and water resources to that of the atmosphere. Persistent 
organic pollutants, acidic substances and volatile heavy metals in the flue gas emissions and the associated 
perceivable, local environmental impacts were dealt with by the release of national emission standards (LRV, 
1985). The legal requirements resulted in the upgrade of plants via APC systems (cf. 2.2), which have since been 
optimized step-by-step. Further process developments took place in the 90s and were ascribed to the 
economic pressures on waste treatment of the time (cf. Sell and Scholz, 2003). Operators engaged in 
maximizing the revenues from energy supply, i.e., heat usage through district heating and electricity 
production, which lead to a strong increase in the energy efficiency. Later on they supported the partial 
segregation of ferrous and some non-ferrous metals from bottom ashes before the final disposal. 

5.2.2 Present situation 

In 2007, there were 29 waste incineration plants in Switzerland that ran under full capacity and processed 
about 3.65 million tons of burnable waste, i.e., non-separately collected household and similar industry waste, 
burnable construction and demolition (C&D) waste, sewage sludge, and automotive shredder residues (ASR) 
of nearly 7.6 Mio. peoples. The current capacity is expected to suffice in the future so that no new plant is 
required (Hügi et al., 2008). The private operators are commissioned by the federal government to secure the 
disposal of the burnable waste as framed by a cascade of legal orders (GSchG, 1957; LRV, 1985; TVA, 1990; USG, 
1983). Besides the definition of responsibilities, these orders determine catchment areas, process 
requirements, landfill types and corresponding threshold values for landfilled matter. In case of under- and 
over-capacities, waste may be exchanged across catchment areas, which has led plant operators to organize 
themselves in associations. The existing plants rely on grate-firing systems, equipped with a heat boiler for 
energy production, an electro filter and, normally, an additional two-stage flue gas cleaning system based on 
gas scrubbing and denitrification. 48% of the plants apply neutral gas scrubbing and subsequent 
solidification and 25% apply acid gas scrubbing. The resulting filter ashes are disposed of in landfills for 
stabilized residues. The filter ashes of plants not applying gas scrubbing are exported to Germany and 
disposed of in underground repositories. The bottom ashes normally undergo metal removal before the final 
disposal in bioreactor landfills. 

Due to the various process upgrades since the nineties, grate-firing systems have been significantly improved 
in terms of their environmental performance. For most pollutants, incineration plants just marginally 
contributed to the overall Swiss air emissions in 2007. Energy production increased to 3% of the total Swiss 
energy demand, and has become the major renewable energy source accounting for 22% of renewable heat 
and even 82% of renewable electricity (hydropower excluded; 50% of the total energy contained in the 
burnable waste fraction is constituted of renewable matter). More than half of the ferrous scrap contained in 
bottom ashes was recovered and the recovery of non-ferrous metals increased to 31% (Hügi et al., 2008). 
Nevertheless, considerable amounts of (heavy) metals as well as incompletely destroyed and inadequately 
inertized organic substances still end up in landfills, posing potential long-term risks to the environment and 
human health. Besides the financial loss related to landfilling valuable metals, the metals lost need to be 
replaced through energy intensive primary production (Adam et al., 2007). 

As already outlined alternative technologies expected to mitigate these long-term landfill risks and to open 
up the financial as well as indirect energetic potential related to the metals contained in the residues indeed 
exist and were already introduced to other markets. In the following we illustrate the methodological setting 
applied to better understand why such alternative technologies have not reached the Swiss market. 
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5.3 Methods 
The analysis is based on an impact factor based analysis of socio-technical transitions relying on expert 
knowledge. In the following, we first present the underlying conceptualization of socio-technical transitions 
and then highlight the applied procedure for knowledge integration. 

5.3.1 Theoretical framework of technological change 

For the comprehensive analysis of technological change patterns in the socio-technical system ‘thermal 
waste treatment’, we applied a theoretical framework that combines concepts from transition and 
innovation management research (cf. Figure 1). 

 

Figure 1. Theoretical framework of technological change underlying the analysis. Vertically, the figure is 
subdivided into the three system levels k; horizontally, the four innovation phases l are distinguished. The 
arrows are of purely qualitative nature. The visionary target system is of overarching character, i.e., it guides 
the process of technological change across all level and innovation phases.   sk ,l  indicate the different sectors 
of the framework. 

Transitions of socio-technical systems are conceptualized through a three-level scheme (Geels, 2005; Rip and 
Kemp, 1998) distinguishing between the technological niche   (k = 1) , the socio-technical regime   (k = 2) , and 

the socio-technical context   (k = 3) . Socio-technical transitions are conceived as interactive processes of 
change at the level of technological niches and the level of socio-technical regimes, both channeled by 
factors of the broader socio-technical context. 

The socio-technical regime forms the core of the scheme and is understood as a stable configuration of 
elements from various domains, i.e., technological, institutional, economic, socio-cultural, cognitive and 
physical, and actors with individual goals, values and beliefs in which a specific technology is embedded 
(Holtz et al., 2008; Markard and Truffer, 2008; Smith et al., 2005). Regimes represent the selection 
environment for technology development. Dynamics within existing stable regimes often result in 
incremental technological change being expressed in step-wise further development of the existing 
technology, while non-incremental change, i.e., transitions, are associated with fundamental shifts in the 
elements of the regime (cf. Dosi, 1982; 1997; Geels, 2004). The socio-technical context represents the structure 
of the wider exogenous environment. Context factors channel transitions by (i) setting constraints, e.g., 
international law and (ii) putting pressures on the initial regime, e.g., market price developments or 
environmental bottlenecks, and therefore (iii) create windows of opportunity for the adoption of innovative 
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technologies through the accentuation of problems in the regime. The development of innovative 
technologies from idea generation to marketable products takes place on the level of technological niches. It 
is considered a “protected space” which shields innovative technologies from mainstream market selection 
and thus, provides a space for the learning processes necessary for such technologies to compete with those 
adopted in the existing configuration (cf. Section 2.2). 

As such transitions are related to technological innovations the theoretical framework further differentiates 
between phases of innovation processes. Based on a literature survey and the characteristics of the system 
under investigation, we selected a four-phase model for innovation processes including innovation stimulus 

  (l = 1) , research and development (R&D)   (l = 2) , market adoption   (l = 3)  and market diffusion   (l = 4) (cf. 
Pleschak and Sabisch, 1996; Vahs and Burmester, 2005). The resulting two-dimensional framework, 
consisting of twelve sectors   (sk ,l ) , delineated technological change for the subsequent knowledge 
integration. 

5.3.2 Knowledge elicitation 

The analysis of technological change relied on the knowledge of experts who were prominently involved in 
the abovementioned discussion on the introduction of innovative thermal processes with the aim to make 
tacit, experiential knowledge explicit and to represent it in a structured way (cf. Diaper, 1989). As in every 
expert-based study, forming an adequate expert panel is a prerequisite for achieving valid results and should 
rely on a clear selection procedure assuring that the relevant perspectives are represented (Martino, 1972; 
Scholz et al., 2009). In the present study, the selection of experts was guided by requirements to cover the 
relevant domains of both expertise and stakeholder interests related to the socio-technical system “thermal 
waste treatment”. It resulted in the selection of 20 experts of different stakeholder groups (public 
administration; pressure groups; scientists; and business branches including plant operators, plant 
developers, landfill operators, and waste management consultants) covering a broad spectrum of 
experiential expertise, i.e., from process-related technological know-how to comprehensive regulatory issues 
of technology policy2. In order to counteract possible biases relating to an inadequate expert selection, the 
involved experts were further provided with the opportunity to name missing representatives. 

For the knowledge elicitation, we applied a two-stage procedure based on guided expert interviews (Bogner, 
2005; Mieg and Näf, 2006) and a subsequent online survey. The expert interviews (stage 1) aimed at 
developing a general understanding of technological change patterns in thermal waste treatment. The 
online survey (stage 2) aspired to apply these general insights to specific technological options. The elicitation 
was iteratively organized, meaning that the general insights of stage 1 facilitated the analysis of specific 
technological options in stage 2, which in turn helped to refine the general insights. The two stages were 
embedded in preparation and post-processing tasks performed by the project steering board (see Figure 2). 

In the first elicitation stage, we conducted 15 guided interviews with individual experts. The interviews 
contained two blocks of questions covering all parts of the theoretical framework. The first block addressed 
the vision and related target system that the experts have for the technological transition (cf. research 
question 1). The second question block aimed at identifying those factors that affect (i.e., stimulate or hinder) 
the process of technological change (cf. research question 2). In addition to a full audio recording, the 
information was recorded in the form of impact factors written on small cards, which were then checked and, 

if necessary, adjusted by the respective expert. We define an impact factor   di
k ,l    (i = 1,…,I) 3 as a system 

element of a particular sector   sk ,l  that affects technological change or is influenced by other system 
elements (Scholz and Tietje, 2002; Spoerri et al., 2009) and is thus used to describe patterns of technological 
change. 

                                                                            

2 Due to the requirements mentioned, the total number of possible experts in Switzerland was assumed to 
be between 80-100. In line with the aspiration to have the most strongly involved experts in the panel (cf. 
above), the project steering group considered the compiled expert panel as highly representative for the 
analysis. 

3 The impact factors are consecutively numbered independent of the allocation to the different sectors. 
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The first stage ended with a request to name specific technological options discussed in Switzerland for 
different types of technological change (cf. Geels and Kemp, 2007) in order to have meaningful model cases 
for the subsequent technology-specific analyses. These types express different degrees of changes in the 
socio-technical system and include (i) further development of grate-firing, (ii) supplementation of grate firing 
with thermal residue treatment, and (iii) substitution of grate-firing with alternative thermal treatment. 
Between the two stages, the facilitator aligned the impact factors of all interviews in terms of notations and 
levels of abstraction (Scholz et al., 2009) and structured these by assigning them to the different sectors of 
the theoretical framework. After consulting the experts that participated in stage 1, the project steering 
group selected one specific technology option for each of the three types of technological change, i.e., three 
model cases (MC) for the subsequent online survey. 

 

Figure 2. Scheme of the two-stage procedure applied for expert knowledge elicitation. The left part (white) 
denotes the steering board’s tasks to prepare or post-process the two stages of actual knowledge elicitation 
(grey; the numbers in brackets refer to the research questions). 

In the online survey, the experts were asked to apply the theoretical framework including the structured 
impact factors to the analysis of technological change with respect to the three model cases selected (cf. 
research question 3). For each technology option, the experts first selected the ten impact factors perceived 
as most important to describe the patterns of technological change. Next, the impact type, i.e., driver (D) 
versus barrier (B), was determined for all the impact factors selected and their relevance   r(di )  was rated on a 
five-level ordinal scale. The online survey ended with a short narrative case story for each technology option, 
reflecting the former selections. In the course of the online survey, the expert was given the opportunity to 
complement missing impact factors and to reallocate those thought to be wrongly assigned. Besides 
sharpening the technology-specific analyses, this procedure served to check the plausibility of both the 
results of stage 1 and the intermediate facilitator’s tasks. 

Following elicitation stage 2, the facilitator refined the theoretical framework by supplementing the general 
results from stage 1 with the impact factors that the experts additionally identified in the analysis of the 
model cases. For the analysis of the model cases, the experts’   ( j = 1,…,N)  individual relevance judgments of 

impact factors   rj (di
k ,l )  were first merged into the relevance judgment of the group for each impact factor 

  R(di
k ,l )  according to: 

  
R(di

k ,l )= rj (di
k ,l )

j=1

N

∑ . Based thereupon, we then generated the standardized sector 
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relevance   R(sk ,l )  by summing up the group relevance, which was standardized in advance by dividing it by 

the number of impact factors of a given sector   nk ,l , according to4: 
  
R(sk ,l )= R(di

k ,l )
nk ,l

⎛
⎝⎜

⎞
⎠⎟i

I

∑ . We proceeded with the 

synthesis of the case-specific results by combining the narrative case stories with the selections of the impact 
factors, their impact types, and the relevance judgments. The knowledge elicitation ended with the 
plausibility check of the three synthesized case stories by all involved experts. 

5.4 Results 
5.4.1 General framework of technological change in Swiss thermal waste processing 

The expert interviews resulted in a total of 62 impact factors used to describe the patterns of technological 
change (cf. Figure 3 & Table 2). 61 were identified in the expert interviews (stage 1) and one performance 
factor, i.e., “quality of mineral residues”, was added in the analysis of the model cases during the online 
survey (stage 2). Innovation stimuli from the context   (s3,1 )  and regime-inherent market adoption 

constellations   (s2,3 )  are the sectors containing most of the impact factors   (n3,1 = 13; n2,3 = 20) . 

 

Figure 3. Impact factors  di  and their structuring (for the sake of clarity in case of sectors with huge numbers 
of impact factors, some impact factors are subsumed in clusters (bold)). The dashed lines indicate the impact 
factors considered across multiple innovation phases. 

5.4.1.1 Vision and target system of technological change 

All experts agreed that an ideal system for thermal waste processing relies on a low-cost technological 
process that (i) is able to treat all kinds of burnable waste fractions without pre-treatment; (ii) fully recovers 
both the metals in mono-material fractions and the energy in highly exergetic form; and (iii) leads to small 
volumes of inert residues disposable in landfills for inert matter (similar to the earth’s crust). The outlined 
ideal system, guiding technological change across all levels and innovation phases, was conveyed from a set 
of performance criteria used for technology assessment on the regime level: level of POP (persistent organic 

pollutants) destruction and inertization   (d37
2,3 ,d39

2,3 ) , pollutant concentration   (d42
2,3 ) , and quality of mineral 

residues   (d43
2,3 )  as well as amount and quality of recovered metals   (d36

2,3 ,d45
2,3 )  and energy   (d35

2,3 ,d44
2,3 ) , and, finally, 

                                                                            

4 Some impact factors, which had originally been assigned to a specific sector, were assigned to several 
innovation phases l. In order to emphasize the sector that the impact factor was originally assigned to 
during standardization, we distinguished between an impact factor in the original sector and the same 
impact factor in other sectors. In the former case, the standardization was calculated as indicated above. In 
the latter case, the group relevance was divided by the number of impact factors of all the sectors a given 
impact factor was assigned to. Furthermore, impact factors of different impact types, i.e., driver vs. barrier, 
were considered separately. 
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treatment costs as determined by plant construction costs and operation and maintenance costs   (d40
2,3 ,d41

2,3 ) . 
Clearly, considerable trade-offs exist between the performance criteria, such as e.g., between energetic 
aspects and aspects of residue quality (cf. 4.1.4). Related to these trade-offs almost all experts principally 
highlighted two extreme ideal systems, depending on the future efficiency of landfill mining. With increasing 
efficiency of landfill mining, the trade-off shifts from material to cost and energy consideration; thus, re-
mining of disposed metals is favored over energy and over sophisticated processes aiming at in-process 
recovery and strong inertization of the residues. 

5.4.1.2 Phases of technological innovation process 

(i) Innovation stimulus 

In the socio-technical context, the experts identified three clusters of impact factors that may put pressure 

upon the existing regime. Environmental pressure is composed of risks from disposed residues   (d2
3,1 ) , available 

landfill volumes   (d3
3,1 ) , the scarcity of resources   (d4

3,1 )  with its emphasis on closing material cycles (mainly 

metals), and climate change   (d1
3,1 )  with its implications for waste-to-energy considerations. Perceived 

negative environmental impacts can lead to rising societal pressure. Its impact on technological change 

depends on the sensitivity toward environmental concerns   (d10
3,1 ) , the perceptibility of environmental 

problems   (d13
3,1 ) , which can be amplified by public scandals   (d11

3,1 )  and related media presence   (d12
3,1 ) . Economic 

pressure summarizes financial incentives for plant operators   (d5
3,1−4d7

3,1−4 )  but also for public administration 

and contracted landfill operators   (d6
3,1 ) . For technology developers, the market size is crucial as this 

determines expected revenues   (d14
3,1 ) . The extent to which these context pressures induce non-incremental 

change depends on the current regime’s ability to buffer them by the optimization of the currently 

predominant technology   (d8
3,1 ,d9

3,1 ) . On the regime level, the legal setting crucially affects the direction of 
technological change chosen to adapt to the context pressures. In addition to the more general aspects, 

outlined by the regulation culture   (d20
2,1 ) , i.e., open targets versus detailed process specifications, and the 

degree of legal security   (d19
2,1 )  (the latter of which is vital for large investments in long-term infrastructure), 

the defined standards for the disposal of thermal residues   (d18
2,1 )  were also considered crucial. Economic 

incentives of the regime expressed by landfill taxes   (d16
2,1−4 )  and payments for electricity supply   (d17

2,1 )  affect 
the direction of technological change via cost considerations of operators. 

(ii) Research and development (R&D) 

Research and development of innovative technologies takes place at the niche level and includes technology 
development from idea generation to marketable products. R&D is guided by the performance criteria of the 
regime (cf. 4.1.1). A crucial aspect relates to the financial and personnel efforts needed to illustrate the 

performance   (d35−46
2,3 ) , maturity   (d54

2,3 )  and reliability   (d53
2,3 )  of innovative technologies in large-scale pilots 

  (d28
1,2 ) . Given R&D costs   (d30

1,2 )  of several hundred million up to a few billion Swiss Francs, depending on the 

process complexity   (d24−26
1,2 ) , the economic power of the technology developer   (d27

1,2 )  is important in providing 

the required means for successful development. Providing these means is crucial for innovative technologies 
for stepping up the learning curve in order to be able to compete with an often highly optimized technology 
already implemented. The socio-technical regime affects the development potential through the degree of 

technology support   (d23
2,2 ) . On the socio-technical context R&D is affected by the available engineering know-

how   (d21
3,2 ) , which is itself influenced by the funds available for waste technology research   (d22

3,2 ) . 

(iii) Market adoption 

On the socio-technical regime, the performance   (d35−46
2,3 )  of a new technology with respect to the outlined 

target criteria including the perspective underlying the performance assessment, i.e., isolated process versus 

life-cycle view   (d34
2,3 ) , are of major importance. A potential adoption of innovative technologies requires a 

significant performance gain. When assessing the performance, plant operators clearly prioritize the cost 
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relevant criteria, e.g.,   (d35
2,3 )  or   (d40

2,3 ) , whereas other representatives emphasize a balanced optimum among 
all considered criteria of the socio-technical context in which a particular plant is located in, such as land use 

patterns   (d31
3,3−4 ) , as being for instance relevant, for instance, in terms of the profitability of district heating 

and thus for the weighting of energetic aspects. 

But the initial adoption of innovative technologies also relies on the risk tolerance of the regime actors, 
mainly operators and environmental authorities. Risk tolerance is determined from the organizational 

structure, i.e., business or public responsibility   (d51
2,3 )  to secure the disposal of burnable waste   (d33

2,3 )  and past 

experiences with innovative technologies   (d50
2,3 )  but also from the existing mechanisms for risk buffering. Risk 

buffering includes the potential for cooperation among operators of different plants   (d47
2,3 )  and the total 

available treatment capacity   (d48
2,3 )  in case a switch to other plants is necessary a newly adopted technology 

becomes temporarily unavailable. This risk attitude in the socio-technical regime determines the required 

degree of technological maturity   (d54
2,3 )  and operational reliability   (d53

2,3 )  demanded from plant operators and 
from public authorities that foster certain directions through policy measures. In this regard, it is important 

that a technology supplier can provide the necessary warranties requested by plant operators   (d56
1,3 ) . Finally, a 

market adoption crucially depends on the constellation of both the interests and power of actors   (d61−62
2,3 )  of 

the socio-technical regime. 

(iv) Market diffusion 

The market diffusion is mainly affected by a set of factors from the socio-technical context outlining the 
society’s attitude towards certain directions of technological change. The factors relate to the societal 

acceptance   (d60
3,4 )  and people’s willingness to pay   (d57

3,4 )  in case of increased treatment costs, both of which 

depend on the society’s image of waste management   (d58
3,4 )  (i.e., the better the image, the higher the 

tolerance toward extra costs as well as the acceptance). Furthermore, technological change has to meet the 

proportionality principle   (d59
3,4 ) , which requests for a reasonable relation between performance gains and the 

risks of a temporarily insufficient supply of necessary treatment capacities and increased treatment costs. As 

in the former phase, in case of opposed interests   (d61−62
2,4 ) , powerful regime actors can impede the market 

diffusion of innovative technologies. 

5.4.2 Technological change with respect to specific technology options 

Before we present the results of the online survey, Table 1 introduces the technology options that the experts 
considered as meaningful model cases (MC) for the three distinguished types of technological change, i.e. 
extended BA processing (incremental change, MC1), RESHMENT (partly non-incremental change, MC2) EBARA 
TwinTec (non-incremental change, MC3). 

The further development of the existing grate-firing system (MC1) refers to an incremental change and 
stands for the continuation of the current paradigm of thermal waste processing. Depending on the 
efficiency of the metal recovery, MC1 could have the potential for upstream material flow redirections 
associated to current separate collection, such as for aluminum or tinplate. The supplementation of the 
grate-firing system with a high-temperature process for residue treatment (MC2) refers to a partly non-
incremental change and lays out a new paradigm for the management of filter ashes from grate-firing 
systems together with automotive shredder residues (ASR). MC2’s potential for upstream material flow 
redirections is comparable with MC1 (cf. above). The substitution of grate-firing systems with an innovative 
multi-stage thermal process (MC3) stands for non-incremental change and denotes a paradigm shift of 
thermal waste processing. MC3 has a large potential for upstream material flow redirections due to its 
flexibility for various solid and liquid wastes. 



Integrating and structuring expert knowledge for sustainability transitions in socio-technical systems 

 72 

Table 1. Illustration of the model cases used for elicitation stage 2. For each model case the illustration 
contains a short description outlining some process characteristics, a scheme depicting the associated 
material flows (BA: bottom ash; FA: filter ash; E: energy; M: metal resource; CM: construction minerals; Rx,y,z: 
residues) and a qualitative performance assessment deduced from expert statements (+,0,-) regarding the 
outlined target criteria 

 MC1 “Extended BA processing” MC2 “RESHMENT” MC3 “EBARA TwinRec” 

Description Grate-firing incineration at 
±1000°C incl. gas cleaning 
and energy recovery 
advanced with 

- dry discharge of BA 
- mechanical metal recovery 

from BA 

for the treatment of burnable 
waste including ASR (cf. 2.2.) 

One-stage thermal melting 
process at ±2000°C with 
energy and metal recovery 
(alloy of CU and Fe) incl. 

- precedent waste shredding 
with recovery of Al, Cu, Fe 

- gas cleaning system 
for the treatment of FA and 
ASR 

Two-stage thermal process 
based on fluidized bed 
gasification with metal 
recovery at ±600°C and ash-
melting with energy recovery 
at ±1400°C incl. 

- precedent waste shredding 
- gas cleaning system 
for the treatment of burnable 
waste and theoretically also 
thermal residues, ASR etc. 

Material flows 

   

Performance    

Amount of recovered energy (d35) + - - 

Amount of recoverd metals (d36) + + + 

Degree of inertization (d37) - + + 

Input spectrum & flexibility (d38) + + + 

Level of POP destruction (d39) - + + 

Operating/maintenance costs (d40) + - - 

Plant construction costs (d41) + - - 

Pollutant concentration (d42) - + + 

Quality of mineral residues (d43) - + + 

Quality of recovered energy (d44) - + + 

Quality of recovered metals (d45) + - + 

Volume reduction (d46) + + + 

Reference (Fierz and Bunge, 2007) (Schaub, 2002) (Selinger and Steiner, 2004) 

 

5.4.2.1 Descriptive results 

Table 2 depicts the results from the online survey. For each technological option it includes all selected 
impact factors, their weights and type of impact, i.e., driver vs. barrier. 

We do not go into the details of the table here but simply display it, as it builds the basis for the case stories 
presented in the next subsection. From the set of 62 impact factors identified in the expert interviews, a total 
of 49 factors were selected for the analysis of the three model cases. 24 factors are shared among all model 
cases, 13 were considered relevant in two model cases, and 12 of them are model case-specific. 
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Table. 2. Impact factors with group relevance   R(di
k ,l )  and impact type (in brackets) resulting from elicitation 

stage 2 (bold factors indicate top-ten factors in terms of the group relevance for at least one model case) 

Clusters Impact factors di Sector k,l MC1:   
R(di

k ,l )  MC2: 
  
R(di

k ,l )  MC3: 
  
R(di

k ,l )  

Climate change (d1) 2 (D)  4 (B) 
Landfill risks (d2) 8 (D) 4 (D) 8 (D) 
Landfill volume availability (d3) 4 (D) 8 (D) 8 (D) 

Environmental pressure 

Natural resource scarcity (d4) 

3,1 

18 (D) 2 (D) 5 (D) 
Energy price (d5) 3,1-4 4 (D) 12 (B) 14 (B) 
Landfill aftercare (d6) 3,1 2 (D)  5 (D) Economic pressure C 
Metal prices (d7) 3,1-4 4 (D)   
Current performance (d8) 3,1    Reference performance 
Expected performance (d9) 3,1    
Environmental awareness (d10) 3,1    
Environmental scandals (d11) 3,1-4    
Media’s role (d12) 3,1-4    

Societal pressure 

Problem perception (d13) 3,1   4 (B) 
 Market size (d14) 3,1   5 (B) 
 Operators’ engagement (d15) 2,1 17 (D)  3 (B) 

Landfill tax (d16) 2,1-4 13 (D) 9 (B) 8 (B) 
Economic pressure R 

Payments for electricity supply (d17) 2,1  3 (B) 6 (B) 
Landfill residue standards (d18) 32 (D) 25 (B) 32 (B) 
Legal security (d19)    Legal pressure 
Regulation culture (d20) 

2,1 
6 (D) 7 (B) 5 (B) 

 Engineering know-how capacity (d21) 3,2    
 Waste technology research (d22) 3,2    
 R&D support programs (d23) 2,2 4 (D)  4 (B) 

Materials science (d24)  4 (B)  
Process complexity (d25)    R&D complexity 
Transferability (d26) 

1,2 
8 (D)   

Economic power of supplier (d27) 4 (D)  5 (D) 
Large-scale implementation (d28) 29 (D) 23 (B) 5 (D) 
R&D continuity (d29)    

R&D efforts 

R&D costs (d30) 

1,2 

 14 (B)  
 Land use patterns (d31) 3,3-4    
 Recoverability of landfilled residues (d32) 3,3-4    
 Disposal security (d33) 2,3 17 (D) 8 (B) 10 (B) 
Improvement potential Assessment perspective (d34) 2,3  6 (D)  

Amount of recovered energy (d35) 13 (D) 10 (B) 21 (B) 
Amount of recovered metals (d36) 31 (D) 7 (D) 8 (D) 
Degree of inertization (d37) 8 (B) 36 (D) 23 (D) 
Input spectrum & flexibility (d38) 20 (D) 18 (D) 22 (D) 
Level of POP destruction (d39)  14 (D) 12 (D) 
Operation & maintenance costs (d40) 30 (D) 35 (B) 34 (B) 
Plant construction costs (d41) 11 (D) 16 (B) 18 (B) 
Pollutant (heavy metal) concentration (d42) 18 (D) 3 (D) 3 (B) 
Quality of mineral residues (d43)  4 (D)  
Quality of recovered energy (d44)    
Quality of recovered metals (d45) 12 (D) 4 (D) 16 (D) 

Process performance 

Volume reduction (d46) 

2,3 

8 (D)   
Cooperation among operators (d47)  4 (B)  Risk buffering 
Total treatment capacity (d48) 

2,3 
 3 (B) 3 (B) 

Conservatism of WIP sector (d49) 8 (D) 8 (B) 8 (B) 
Experiences with alternatives (d50) 5 (D) 25 (B) 14 (B) 
Public law disposal mission (d51) 2 (D)  4 (B) 

Risk tolerance 

Risk readiness of operators (d52) 

2,3 

4 (D) 13 (B) 22 (B) 
Operational reliability (d53) 35 (D) 35 (B) 37 (B) 

Technological requirements 
Technological maturity (d54) 

2,3 
20 (D) 27 (B) 22 (B) 

 Marketing (d55) 1,3   3 (D) 
 Supplier warranties (d56) 1,3 7 (D) 15 (D) 30 (D) 
 Cost pressure (d57) 3,4   9 (B) 
 Image of waste management (d58) 3,4 4 (D)  2 (B) 
 Proportionality (d59) 3,4 9 (D)  4 (B) 
 Societal acceptance (d60) 3,4 4 (D) 3 (D) 4 (B) 
 Lobbyism (d61) 2,3-4  15 (B) 3 (B) 
 Monopolism (d62) 2,3-4 5 (D) 10 (B)  
Total number of selected impact factors  34 37 41 
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We note that the “residue standards” and the two performance criteria “input spectrum & flexibility” and 
“operation & maintenance costs” together with the two process requirements “operational reliability” and 
“technological maturity” were judged highly relevant in all model cases. Remarkably, for MC1 the factors 
almost exclusively act as drivers, whereas for MC2 and MC3 they have mixed but strongly similar impact 
types. A considerable portion of factors of MC2 and MC3 shows opposite impact types compared to MC1. 

5.4.2.2 Synthesized case stories 

Figure 4 displays an aggregated picture of the identified technological change patterns of the three model 
cases with respect to our theoretical framework of technological change. In the following, we separately 
illustrate the three case stories differentiating between consensual and dissensual perspectives among the 
experts. 

 

Figure 4. Overview on the aggregated results from the analysis of the three model cases (MC1-MC3). Bar 

lengths represent the standardized relevance   R(di
k ,l )  of the sectors in the theoretical framework for the three 

model cases. The dark grey arrows denote inhibiting impact types and the light grey arrows denote 
promoting impact types. The displayed single impact factors contributed most significantly to the respective 
sector’s weight (for the sake of readability relatively insignificant impact factors are not excluded). TN, St-R 
and C stand for the three levels of a socio-technical system (Technolgical Niche, Socio-technical Regime and 
Context). 

i) MC1: Extended BA processing 

The examination of MC1 started in the beginning of 2005 with a pilot study indicating technological 
feasibility of dry BA discharge with subsequent mechanical metal recovery. Currently, MC1 is implemented in 
a large-scale pilot project in Hinwil (Canton Zurich), where two of the three incinerator lines have been 
converted to dry BA discharge. The results give evidence of a relatively high potential for the metal recovery 
from BA.  

Besides contextual environmental pressure, most prominently over the scarcity of metal resources, and 
economic incentives related to energy and metal prices, its examination was strongly pushed by factors of 
the socio-technical regime. An improvement of the residue quality exceeding the recovery of metals both 
does not pay off given the current structure of landfill taxes and is not legally relevant since current residue 
standards are easily achievable with grate-firing systems. This constellation, in conjunction with additional 
revenues gained from recycled metals resulted in a high engagement of plant operators to support MC1. On 
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the niche level, the development of MC1 benefited from low procedural complexity and has been pushed 
forward by the existing regime through financial support programs making the illustration of technological 
feasibility in a large-scale pilot possible. Given the generally low risk readiness of current regime actors 
(mainly operators but also public authorities), the technological maturity, high reliability and both energy 
and cost effectiveness of MC1 are considered powerful drivers for its adoption. The only barrier refers to the 
insufficient degree of inertization of the residues from grate-firing systems, but this is not considered in the 
operators’ decision as the residues meet the compulsory standards and a switch to alternatives is considered 
too risky. 

ii) MC2: RESHMENT 

At the end of 2001 the SARS (Swiss Car Recycling Foundation) decided to introduce the RESHMENT 
technology, developed by a Swiss engineering company (CTU AG) in Switzerland. Its development was driven 
by contextual environmental pressure regarding the risks posed by filter ash disposals and the respective 
metal losses, despite the fact that compulsory standards did not demand an improvement of the residue 
quality. Financial incentives outlined by context factors, i.e., energy price, and factors of the regime, i.e., 
landfill tax and payments for electricity supply, have been widely absent. In 2004 the community of Monthey 
(Canton Valais) issued the building permit for the executable project. Although RESHMENT was supported by 
expectations to significantly improve the quality of the filter ash (and automotive shredder) residues in terms 
of inertization as well as POP destruction and to exploit the resource potential thereof, SARS suddenly 
decided against realizing the pilot project in 2005 (cf. SARS, 2005). 

When elucidating the causes for the failure of the pilot plant construction, it was argued that the reassessed 
investment derived during the planning phase was considerably higher than the originally assumed 120 
million CHF. The experts additionally opined that the investment risk became greater since the scheduled 
(and necessary) waste amounts could not be assured due to (i) broad and successful lobbying against the 
creation of a 12-year nationwide monopoly, which would have secured the adequate supply of filter ashes 
and ASR and additionally (ii) decreasing ASR amounts associated with increasing exports of used cars. 

iii) MC3: TwinRec 

The TwinRec technology of the EBARA Corporation was originally developed for Japan with the ultimate aim 
of aftercare-free landfills while using the energetic and material potential of the waste. In Switzerland, it was 
discussed as a possible alternative to grate-firing systems in the beginning of 2000 due to environmental 
and economic (i.e., landfill aftercare) pressures. Yet, the development of TwinRec has still not been brought 
forward in the Swiss context. 

Crucial barriers inhibiting the introduction of the TwinRec technology have mainly been constituted by 
factors of the current regime. Compulsory landfill standards did not demand an improvement of the residue 
quality, and operators suspected an overall increase in treatment costs due to the substantial plant 
construction costs and rising costs for operation and maintenance as well as decreasing revenues from 
energy supply related to the trade-offs between the performance criteria. Furthermore, the potentially large 
room for improvement of the current grate-firing technology associated with new separation techniques 
weakened TwinRec in terms of the proportionality principle. Given the generally low risk readiness of the 
current regime, these barriers blocked the large investments necessary to illustrate technological feasibility 
of such a complex technology in a large-scale pilot; the revenues that the EBARA Corporation expected from 
the limited Swiss market did not cover such investments. 

5.5 Discussion and Conclusions  
The presented retrospective analysis generated a comprehensive representation of the patterns that underlie 
technological change in Swiss thermal waste treatment based on integrated and structured expert 
knowledge. The guided expert interviews resulted in a comprehensive set of 62 impact factors that affect the 
process of technological change in Swiss thermal waste processing on the three different system levels 
(technological niche, socio-technical regime, and socio-technical context) and in different phases of 
technological innovation processes (innovation stimulus, R&D, initial market adoption and market diffusion). 
The specific analyses of the three model cases in the subsequent online survey showed that the same sectors 
of the theoretical framework   (s1,2 ;s2,1 ;s2,3 ;s3,1 )  were most decisive for the differentiated types of technological 
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change. Differences, mainly between MC1 and the other two model cases, were identified on the level of 
specific impact factors and, in particular, their impact type, i.e., driver vs. barrier, respectively. Whereas MC1 is 
well on the way to becoming successfully implemented, the introduction of MC2 and MC3 failed although 
these technologies have been specifically developed to solve the problem of landfilling thermal residues of 
insufficient quality in terms of inertization and POP destruction. In contrast to MC3, which was abolished 
without ever having been seriously pushed forward in the specific Swiss context, MC2 was very close to a 
market introduction. For the following synthesis of the technology-specific analyses to the overall patterns of 
technological change, we start with the comparison of the successful MC1 with the two failed innovative 
technologies (MC2, MC3) and then elaborate the differences between MC2 and MC3. 

In contrast to MC2 and MC3, the development of MC1 was pushed by economic incentives for operators 
constituted by the socio-technical context (mainly the energy price) and the socio-technical regime, e.g., 
structure of landfill taxes, the compliance with the legal setting (e.g. residue standards) and lacking societal 
pressure associated with the problem of residue landfilling. The fact that a residue improvement does not 
pay off given this incentive structure strongly impeded MC2 and MC3. The comparatively low and calculable 
investment necessary for already proven mechanical separation techniques resulted in both operators’ 
engagement and financial support, which made the large-scale implementation of MC1 possible. On the 
other hand, the substantial and badly predictable investment in the practically unproven MC2 and MC3 
strongly impeded the large-scale implementation of alternative thermal processes, which concomitantly 
made the technology learning impossible, which would have been necessary to compete with the highly 
optimized grate-firing technology. Operators demand proof of technological maturity in large-scale pilots. In 
turn, these ambiguities in terms of costs and environmental efficacy – in conjunction with the estimated 
optimization potential of the grate-firing system – prevented public authorities from releasing new legal 
standards. This would have been necessary for the adoption of MC2 and MC3 given the low risk readiness of 
operators, the predominant constellation of economic incentives and the power mechanisms of regime 
actors. As operators optimize their costs within the legally prescribed and socially accepted frame, the 
introduction of MC1 has been strongly supported and seems to have impeded a considerable improvement of 
the quality of thermal residues. 

In spite of the innovation-adverse constellation in the socio-technical regime and context, MC2 was much 
closer to a market introduction than MC3 even though, at first glance, MC3 should have been favored due to 
its proven implementation in Japan. The analysis revealed that the already authorized large-scale 
implementation of MC2 failed due to missing risk tolerance of investors and broad resistance against a Swiss-
wide monopoly for filter ash and ASR disposal, which would have been necessary to secure sufficient waste 
supply. The development of MC3 in Switzerland has never been seriously pushed forward. It was, in contrast 
to MC2, additionally questioned in terms of the proportionality principle given the manifold concerns, such as 
immaturity or increased treatment costs, the expected room for improvement of the predominant grate-
firing system in terms of metal recovery and the low risk readiness of operators. The differences may be due 
to the different types of technological change represented by MC2 and MC3. MC2 would have supplemented 
the highly reliable, cost-efficient grate-firing technology and would have made the metal resource potential 
of both filter ashes and ASR accessible for recycling. In contrast, the results provide evidence that the 
substitution of the grate-firing system by MC3 with its large potential for upstream material flow 
redirections, was on considered too risky early on given the inherent uncertainties. 

Literature on technological change introduced the concept of technological lock-ins for socio-technical 
systems in which non-incremental change is blocked by too stable regime configurations (coherent 
constellation of regime factors that are well aligned to dominant context pressure). Hence, technological 
lock-in results in incremental change directed at self-stabilization within an existing technological paradigm, 
aimed at mitigating accentuated problems (Dosi, 1982; Holtz et al., 2008; Rip and Kemp, 1998). Stability of 
regimes can be provided through different mechanisms (Geels, 2004): (i) rules (cognitive, normative and 
regulative) that guide perceptions and actions, (ii) actors and organizations embedded in networks, and (iii) 
the hardness of built infrastructure, all having impeding implications for non-incremental technological 
change. 
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The presented analysis indicates that Swiss thermal waste processing is, at least temporarily, in a kind of 
lock-in. On the level of cognitive rules, the current regime can be considered stuck to the “historical” 
paradigm of energy and cost efficiency. Some experts suggested to reconsider this paradigm and to focus 
more on the optimization of the residue quality (cf. 4.1.1). Nevertheless, increasing concerns about climate 
change counteract this paradigm shift. Furthermore, the current legal setting, most prominently the residue 
standards, is well aligned to grate-firing systems. For an adjustment of the legal setting, public authorities 
require further knowledge about innovative technologies from large-scale implementations, which are not 
feasible given the low government subsidies. The organizational structure in thermal waste processing 
additionally results in both low competition and risk tolerance among operators due to legally ruled waste 
delivery. Hence, the whole bundle of rules contributes to the stability of the current socio-technical regime 
and thus inhibits a breakthrough of the more costly high-temperature processes (MC2, MC3). According to the 
literature, pressure on the current regime through negative externalities perceived by actors outside the 
regime is important for the adjustment of rules (Van de Poel, 2000). The analysis of MC3 indicates that the 
low perceptibility of landfill risks, which is related to their diffuse and long-term character, has not resulted in 
a broad societal resonance, as it was for instance the case with the directly perceivable air pollution risks in 
the 1970s (cf. 2.1). 

Regarding the network dimension of regime stability, lobbyism of powerful incumbent actors against 
innovations is important in providing regime stability (Unruh, 2000). The analysis revealed that in small 
markets like in Switzerland, the introduction of new technologies is in many cases only possible by the 
creation of at least quasi-monopoly situations, which are normally combated by powerful incumbent regime 
actors. MC2 indicates that an introduction of an alternative process for the treatment of specific residues (FA, 
ASR) is especially difficult or almost impossible, as such an introduction almost presupposes the creation of 
monopoles in order to secure sufficient waste supply. On the other hand, as indicated by MC3, the developer’s 
R&D investment, unless substantially subsidized, normally far exceeds the expected revenues of a single 
plant. Hence, the investment can only be amortized by the sell of dozens of plants, which again would imply 
the creation of a quasi-monopoly situation. Finally, the fact that the necessary capacity for thermal waste 
processing is installed in Switzerland in form of grate-firing systems would require a substitution of already 
built infrastructure, strongly impeding non-incremental change as outlined by MC3. 

The analysis provides evidence that under the current stable ‘grate-firing’ regime the implementation of 
large-scale, alternative thermal processes for waste treatment is hardly feasible in Switzerland. A missing 
large-scale pilot plant, in turn, makes the required technology learning almost impossible so that, in many 
cases, immature alternative technologies are compared with highly optimized technologies, such as grate-
firing, which has been further developed over the past years. Given these difficulties, Switzerland’s role in the 
research and development of alternative technologies for thermal waste processing could be more seen in a 
pioneering one by working toward the creation of required learning spaces for technology development, i.e., 
Switzerland, possibly in cooperation with some EU countries, as a kind of experimental laboratory for 
technological innovations in large-scale. Technology research should be based on an adequate consideration 
of mid- to long-term socio-technical context developments, e.g., societal trends that affect future waste 
compositions. 

Nevertheless, the broad implementation of MC1 in Swiss incinerators would lead to the additional recovery of 
considerable amount of metal resources and associated reduction of greenhouse gases (Adam et al., 2007; 
Morf et al., 2008). Regarding the latter, grate-firing systems also have a considerable potential for further 
improvements of their energetic efficiency in terms of both ‘energy produced’ and ‘energy made available to 
customers’ (Ragossnig and Hilger, 2008; Ragossnig et al., 2008). Furthermore, the adjustment of the 
incineration process to dry BA discharge (MC1) seems to be accompanied by the increased burnout of BA 
(Fierz and Bunge, 2007). Coming along with the discovery of further optimization potentials of grate-firing 
systems and practical experiences made with alternative thermal processes, some authors even start to 
question gasification and ash melting process due to their energy as well as cost intensity and comparatively 
low reliability (Gohlke and Martin, 2007). The further development and implementation of MC1 can thus be 
considered an important intermediate step as long as it does not impede the potential adoption of more 
matured innovative thermal technologies in the future, for instance by strengthening the existing and 
innovation-inhibiting technological regime.  
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The retrospective analysis of patterns of technological change in Swiss thermal waste processing provides 
valuable insights for the future governance of non-incremental technological change but also for more 
elaborate analyses addressing identified specific aspects in more detail. Regarding the former, the first 
elicitation stage yielded a comprehensive set of impact factors that should be considered in strategy 
development for the governance of future technological change in thermal waste processing. The analysis of 
specific thermal technological options in the second elicitation stage further pointed at the relation between 
states of impact factors and induced types of technological change. Nevertheless, the elaborated knowledge 
base could be broadened by structured analysis of actors’ interests in order to comprehensively identify 
potential synergies among stakeholders but also their opposed interests, which complicate the change 
process. Understanding the relevant characteristics of the associated actor network is crucial for successful 
governance of technological change. In regard to the latter, the elaborated impact factors and their relevance 
more or less outline directly applicable inputs for more detailed analysis through various transition 
management methods. They can be used, for instance, for the selection of variables in formative scenario 
analyses (FSA, Scholz and Tietje, 2002; Spoerri et al., 2009) and agent-based modeling (Valente, 1995) but also 
for the derivation of indicators used in sustainability assessments such as e.g., the sustainability potential 
analysis (SPA, Lang et al., 2007). 
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6 Concluding remarks 

The thesis illustrated methodological approaches and related results of the collaboration between experts 
from science and society in a transdisciplinary transition process, addressing the sustainability transition of 
Swiss waste management. The thesis' overall aim was to provide transition support from a strategic 
perspective in the initial transition phases: “structuring” and “planning”. 

The thesis roughly consists of two parts. First, outlined by the first two contributions (cf. Chapter 2&3), it 
addressed the initial stage of transition management, i.e., structuring, aiming at framing the transition 
process by identifying and structuring the sustainability challenges, by discussing related strategic priorities, 
and by developing a vision based on the application of the specifically developed SCT procedure for 
collaborative knowledge integration using a large expert panel. The second part built upon the results from 
structuring and approached the planning stage. It dealt with two selected subsystem transitions in more 
detail and elaborated more specific strategic evidence to manage system changes in desired directions (cf. 
Chapter 4&5). 

Common to all four contributions is the collaborative knowledge production through expert involvement. As 
already outlined in the introduction, this is a propagated issue in transition management given the highly 
interdisciplinary character of socio-technical systems’ transitions, the high level of system uncertainty, and 
the plurality of interests of the various stakeholder groups opposed to system change (Pohl & Hirsch Hadorn, 
2007a; Scholz, in prep.; van Asselt & Rijkens-Klomp, 2002). Outcomes from collaborative knowledge 
production between science and society are of different forms, i.e., substantive vs. procedural outcomes (cf. 
Beierle & Cayford, 2002; Stauffacher et al., 2008) and outcomes for practice vs. scientific outcomes, 
respectively. 

Accordingly, the following discussion is roughly structured into three parts. The first part focuses on the 
benefits that are directly related to the elaborated results (i.e., substantive outcomes). Following a 
recapitulation of the main findings of the four contributions, a differentiation is made between the 
perspective of the practical problem solving discourse and the scientific benefits provided by the results. The 
second part addresses the practical benefits related to the different forms of expert interactions (i.e., 
procedural outcomes) for the transition process. Third, some crucial methodological issues related to the 
organization of appropriate collaboration for expert knowledge integration in the initial phases of transition 
management are elaborated before concluding with some suggestions for further research, which directly 
build upon the thesis. 

6.1 Transition support for Swiss waste management's sustainability transition 
6.1.1 Substantive outcomes 

The first part of the thesis (Chapters 2 & 3) framed the transition of the entire Swiss waste management. The 
first applied SCT procedure (cf. Chapter 2) yielded a comprehensive set of impact factors of the various 
domains of the socio-technical system (cf. 1.2.3) and a transition vision serving as long-term guidance and a 
frame for target setting and problem solving. The impact factors outline the crucial strategic fields of action 
for transition management from both short- and long-term perspectives. 

As illustrated in Paper 2 (cf. Chapter 3), the structuring identified two basic strategic foci for future material 
flow management. The first is considered a continuation of past waste management and addresses the 
further optimization of environmental and economic efficiency in the end-of-pipe domain. It refers to the 
following challenges: (i) closing partly open material cycles at the end-of-life, e.g., phosphorus contained in 
sewage sludge and animal waste, (ii) questioning the efficiency of the current separate collection in the light 
of alternative technologies, (iii) assuring the markets for recycled materials and products, and (iv) eliminating 
remaining potential risks associated with the disposal of waste of insufficient quality. 
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The paper provided evidence that addressing these challenges should no longer rely on the strict 
prioritization among the options “recycling”, “treatment”, and “final disposal” (Price & Joseph, 2000; Schmidt 
et al., 2007) but should be more strongly established on an integrated, lifecycle-based approach considering 
all the possible combinations of waste management options in order to find the balanced optimum. For 
instance, the central thermal processing of a broader waste spectrum in an innovative process that allows for 
in-process recovery of metal resources in conjunction with precedent waste separation could be more 
sustainable than the current system that strongly relies on a decentralized concept, i.e., waste separation at 
the source (households, industry, etc.), subsequent separate collection logistics, and fraction specific, 
sophisticated recycling processes (cf. 6.3). The second rather long-term focus for material flow transition 
refers to the lifecycle management of resources and deals with the challenges of (i) increasing material 
variety (cf. Johnson et al., 2007) and, thus, decreasing processability of waste with respect to environmental 
and economic considerations, and (ii) continuously increasing waste amounts. The aim is, on the one hand, to 
reduce the amount of generated waste and, on the other hand, to yield waste fractions that are better 
manageable in terms of both environmental and economic performance and societal acceptance as well as 
to reduce environmental impacts in upstream lifecycle phases. 

The paper further identified the decisive fields of action of the societal sphere (i.e., political, economic, socio-
cultural, and knowledge-related) of waste management for facilitating the outlined changes in the material 
flows. The results provide evidence that managing the two material flow transitions significantly differs with 
respect to the related transition type. According to the experts, the short-term end-of-pipe-related system 
optimizations can be predominantly addressed by setting the adequate specifications in the legal framework, 
such as economic incentives or adjustments of legal threshold values (e.g., standards for the disposal of 
thermal residues) in waste policy and should be well resolvable in the near future (5-10 years). In contrast, the 
long-term changes, which are associated with the widening of the scope of waste management to upstream 
lifecycle phases, involve fundamental changes in the societal sphere, for example, changes in people’s values 
and consumer behavior or institutional adaptations required to address production and consumption 
patterns directly. The fact of increasing globalization of material cycles associated with increasing constraints 
from international law make it even more difficult to address upstream phases because a considerable part 
of upstream processes are located outside Swiss boundaries. 

The application of the SCT procedure led to a comprehensive understanding of the system and the foci of the 
upcoming sustainability transition. For practice, the results created a well-founded base for subsequent 
problem solving (e.g., by setting policies) by providing an overall direction for future waste management and 
related strategic fields of action to be addressed by the different stakeholders; that is, it helped to harmonize 
follow-up activities. From a scientific perspective, the SCT procedure framed the system and related 
challenges for further analysis in the next phase of transition management, i.e., planning (cf. Elzinga, 2007). 
On the one hand, the elaborated results provide valuable inputs for transition methods applied in the 
subsequent planning stage. The impact factors can, for instance, be used for the selection of adequate 
variables in scenario analysis (Scholz & Tietje, 2002; Wiek et al., 2008) aiming to explore possible transition 
pathways or for methods used to assess future system states by outlining criteria for systemic or multi-
criteria assessments (Lang et al., 2007; Linkov et al., 2006). On the other hand, the results support the 
identification and coordinated planning of further scientific research, which is needed for the transition 
process, e.g., improving the adequacy of performance assessments of end-of-pipe waste management 
systems in order to support informed practical decisions. 

The third and the fourth paper of the thesis built upon the results from “structuring” by addressing two of 
the outlined end-of-pipe challenges. Both analyses focused on the societal sphere and aimed at deepening 
the insights into the factors and their constellations, which are decisive for managing transitions of different 
types, i.e., reproduction and transformation, in two selected socio-technical subsystems1. 

                                                                            

1 As a transition is considered the results of changes in different subsystems, the fundamental transition of 
the entire socio-technical systems may involve different types of subsystem transitions. Which type of 
change in the subsystems is needed depends on the ability of the existing subsystem to adapt to and, 
thereby, mitigate the inherent problems. 
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The third paper refers to the challenge “assuring the markets for recycled materials and products” in the field 
of C&D waste management. The recycling of C&D waste is an important issue given its large amounts in 
conjunction with the limited landfill volumes in Switzerland. Since C&D waste recycling currently is 
exemplary in Switzerland, the ambition was not to induce a fundamental shift in the “C&D waste recycling” 
subsystem, but the aim was to realign the existing, well-functioning configuration (transition of type a: 
optimization by reproduction) with respect to anticipated future developments, i.e., shifts in C&D waste 
amounts and demand shifts between civil and structural engineering, which predict a potentially insufficient 
demand for recycled materials in the mid- to long-term future. Relying on an expert-based Formative 
Scenario Analysis, the paper yielded an impact-factor-based representation of the current system and its 
dynamics (i.e., system analysis) that determine the future recycling of mineral construction materials. The six 
scenarios selected with corresponding recycling rates cover the spectrum of possible and plausible future 
system states that could emerge from the current state and its dynamics. Through linking the scenarios to 
the insights gained in the system analysis (e.g., feedback loops), the scenario analysis provides evidence on 
the dynamics that are decisive for certain developments of the system. The analysis shows that existing 
subsystems, which are currently functioning well and are able to adapt to and, thereby, mitigate the 
problems, are most efficiently dealt with through improvements of the existing configuration and do not 
require fundamental changes (cf. Nill & Kemp, 2009; Smith et al., 2005). 

For practice, these insights provide useful strategic inputs for system governance. On the one hand, the 
scenario spectrum gives planners and decision-makers an idea of the possible implications that the outlined 
shifts in waste amounts and demand patterns may have on C&D waste recycling (i.e., a kind of early warning 
system). On the other hand, the linkage between the crucial system dynamics and resulting future system 
states allows for the identification of control factors toward which concrete strategy development should be 
directed in order to foster desired – and prevent unfavorable – system development. From a scientific 
perspective, the rather qualitative system understanding outlines fundamentals for further research that 
addresses more quantitative analyses of the systems’ crucial factors, e.g., agent-based modeling of the future 
demand for recycled mineral materials by the actor-specific interplay of the demand-affecting impact factors 
(e.g., image of recycled mineral materials). 

The fourth paper addressed the end-of-pipe challenge “eliminating potential risks associated with the 
disposal of waste of insufficient quality” and coped with the subsystem “thermal waste processing”. The low 
quality of thermal residues (bottom ash, air pollution control residues) from grate-firing systems 
fundamentally contradicts Swiss standards for landfilled matter, and the residue contains considerable 
amounts of unused metals. The study focused on a technology-based socio-technical transformation 
(transition of type b) by emphasizing factors of the different domains of the societal sphere and the socio-
technical context. Insights into the diverse elements that affect the process of technological change are 
provided based on a retrospective case analysis. It created a sound understanding of the change patterns by 
showing which of the manifold factors on the different system levels (technology development, regime, and 
context) as well as in the different stages of the innovation process (innovation incentives, research and 
development, initial market adoption, and market diffusion) affect the process of technological change. 
Through linking the elements to three exemplary technology options that represent different types of 
transformations of the “thermal waste processing” subsystem2, the study identified technology-specific 
drivers and barriers for a potential implementation in the market. Besides the various barriers identified (e.g., 
the considerable uncertainties regarding technology performances, the huge investment costs, or missing 
engagement of key actors), the analysis also identified conflicts between the involved actors ("energy 
optimizers" vs. "material flow optimizers"), which have a considerable potential to impede system 
transformations and require further negotiation. The paper indicates that the residue problem is not as easily 
resolvable as assumed by the experts in the initial “structuring” workshop. It also became evident that 
learning about system transformations from a retrospective analysis of past developments is promising in 
order to understand and facilitate future developments. However, the study left unanswered which 

                                                                            

2 These technology options on a more detailed scale also represent different transition types, i.e., from 
incremental to non-incremental change, within the “transformation” of the superior socio-technical 
subsystem “thermal waste processing”, which is itself part of the major transition of the entire Swiss waste 
management. 
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technology performs best with respect to the identified performance criteria. For practice, the elaborated 
drivers and barriers with specific reference to different technologies disclose sound fundamentals for 
strategy development for the purposeful governance of technology-based transformations in thermal waste 
processing and prevent the system from a lock-in (i.e., suboptimal but stable configuration of the socio-
technical system) (cf. Geels, 2004). Through the potential transferability of the gained insights to other cases, 
the study also contributed to the understanding of change patterns in socio-technical systems in general. 
From a scientific perspective, the elaborated results provide applicable inputs for more detailed and 
quantitative analysis of transformations in thermal waste processing, e.g., for the application of agent-based 
approaches to model decision behaviors of specific actors, e.g., operators or administration, resulting in 
specific system structures. Furthermore, the combination of the multi-level scheme with the phases of 
innovation processes seems a promising theoretical framework for the analysis of technology-driven socio-
technical transformations. 

6.1.2 Procedural outcomes 

As outlined in the preceding subsection, the involvement and collaboration of experts from science and 
society in the form of a transdisciplinary discourse leads to the comprehensive understanding of real-world 
problems and related strategic orientations that include a variety of disciplinary foci and interests. It should 
help to increase the substantive quality of decision support by gaining the “entire picture” through the 
integration of various important perspectives on a complex problem. The procedural outcomes of 
collaboration, on the other hand, generally refer to fostering mutual learning processes and thus building 
commitment and societal capacity for the subsequent problem-solving stages by bridging the gap between 
research, policymaking, and practice (Loorbach & van Raak, 2005; Wiek et al., 2007). In this regard, the thesis 
makes another important contribution to the transition process. The different methodological approaches 
applied in the presented projects all stimulated the intense collaboration among experts of different 
stakeholder groups and with specific expertise based on different forms of involvement, e.g., a large group 
workshop for initial problem structuring or highly specific small group tasks in the presented scenario 
analysis. Thereby, the experts gained detailed insights into the rationales and argumentations that underlie 
problem perceptions, related system representations, and strategic priorities of others. These interactions 
strongly stimulated mutual understanding of and agreements among different perspectives. On the one 
hand, this facilitated the development of harmonized views on adequate strategic approaches, which is a 
crucial prerequisite for efficient joint problem solving and broad acceptance. On the other hand, conflicting 
perspectives and related need for mediation became obvious, e.g., energy vs. material perspective in thermal 
waste treatment (cf. 6.1.1), indicating potential barriers for the transition process and the need for 
negotiations. Procedural outcomes are crucial to address the variety of changes and interests involved in a 
transition (cf. Scholz et al., 2000; van de Kerkhof & Wieczorek, 2005; Walter et al., 2007), especially because 
transitions are not just considered the result of top-down steering by governmental bodies, but strongly 
build on bottom-up initiatives from the various actors of different system domains (Kemp et al., 2007). 

6.2 Methodological considerations 
As illustrated in the preceding sections, knowledge production through the collaboration of science and 
society is considered a promising means to cope with the complexity and related uncertainties associated 
with sustainability transitions of socio-technical systems. However, to maximize the outlined benefits of 
collaboration and to yield robust results, some crucial aspects for the organization of this kind of knowledge 
production have to be considered. In the following, I discuss these methodological aspects with respect to the 
four papers of this thesis. The first subsection addresses the issue of the involved stakeholder spectrum (i.e., 
type of participants) and provides some argumentations of why the involved stakeholders were restricted to 
scientific experts and professional stakeholders. The second subsection deals with the issues of selecting an 
adequate panel of experts and applying appropriate techniques for efficient knowledge integration. 

6.2.1 Who is involved? Experts vs. broad stakeholders 

As already defined (cf. 1), a stakeholder is considered anyone who affects or is affected by (and thus has an 
interest in) the investigated transition process (Checkland, 1981; Freeman, 1984). For the Swiss waste 
management’s sustainability transition, the spectrum of stakeholders is wide, ranging from scientific experts 
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over professional stakeholders to lay people. However, as emphasized in the literature (Krütli et al., 
submitted; Reed et al., 2009), the question of whom (out of the whole stakeholder spectrum) should be 
involved in transition management is a crucial issue and should be adapted to the specific tasks in the 
different stages of the transition management process. 

This thesis coped with transition management on the strategic (“systems”) level, which addressed the 
processes of soft system analysis, vision development, mid- to long-term goal formation, and related 
strategic discussions as a base for concrete strategy development. These tasks are highly interdisciplinary and 
require broad expertise about the current waste management systems, inherent problems, and associated 
strategic fields of action. Related to the knowledge required for these “strategic” tasks, in this thesis, 
stakeholder involvement was restricted to scientific experts and professional stakeholders from public, 
private, and voluntary organizations. They have long-term experience and possess domain-specific 
knowledge of the Swiss waste management system and provide a suitable combination of generic, scientific, 
and rather contextualized, experiential knowledge (Reed, 2008; van Asselt & Rijkens-Klomp, 2002). 
Knowledge and valuations of “non-expert” stakeholders (i.e., the public) will become more important with 
increasing concreteness and related concern of the tasks, e.g., the process of site selection for waste 
infrastructure or assessing the societal desirability of different recycling schemes in the subsequent phases 
of transition management. This is also in line with the suggestions from transition management literature 
(Loorbach & Rotmans, 2006; Loorbach & van Raak, 2005), which emphasize the involvement of actors who 
have broad experiential expertise and play strategic roles in the initial phases of transition management. 
Accordingly, broader stakeholder involvement becomes more important on the “operational” level, which 
approaches the development and implementation of concrete transition agendas. 

6.2.2 Organizing collaboration for expert knowledge integration 

For the organization of collaboration for expert knowledge integration, the following two methodological 
aspects are strongly emphasized since they determine the quality of the outlined outcomes and the 
robustness of elaborated results (Elzinga, 2007; Stauffacher et al., 2008): 

A. Involvement of an adequate panel of experts with respect to the required knowledge spectrum: The 
selection process should be based on a clear process that results in an appropriate panel of 
participants bringing together an “entire picture” of the case (cf. Loorbach & Rotmans, 2006; van de 
Kerkhof & Wieczorek, 2005). 

B. Appropriate techniques for collaborative knowledge integration in different stages of the transition 
process: This should guarantee the effective and efficient knowledge integration, related mutual 
learning, and societal capacity building (cf. Stauffacher et al., 2008). 

In Paper 1 (cf. Chapter 2), the presented SCT procedure showed how to benefit from the knowledge of a large 
expert group while minimizing the drawbacks of large group interactions. This is considered a crucial issue as 
transitions normally address highly complex issues that require the integration of a broad spectrum of 
expertise and interests (White, 2002). The fundamental step is the decomposition of the Swiss waste 
management system into nine facets (analytical foci). On the one hand, the facets together with the 
identified interest groups guided the structured, criteria-driven selection of an expert panel that is 
representative with regard to required expertise and interests (cf. A). Similar approaches, relying on an 
expertise-interest matrix, have also been proposed in the literature (see Pohl & Hirsch Hadorn, 2007b; 
Susskind et al., 1999). On the other hand, by defining the topics of the subgroup workshops, the facets 
allowed the reasonable splitting of the large panel into subgroups of six to eight experts, which prevented 
negative group dynamics and allowed for effective knowledge elicitation and integration. The scheme of the 
facet workshops, which relied on brainstorming, sense-making, and subsequent convergence to shared 
perspectives, allowed the mapping of the whole diversity of expert perspectives and the reduction of these 
perspectives to comprehensible and communicable results (cf. B). 

Paper 3 dealt with the integration of expert knowledge in the course of a Formative Scenario Analysis. The 
meta-analytical character of FSA and its highly structured, step-wise procedure facilitate the broad and task-
specific integration of the required knowledge. First, the high specificity of the steps and related tasks in a 
FSA, e.g., the assessment of the consistency between two specific impact factors in the consistency 
assessment, in conjunction with the aspiration to include the different stakeholder groups guide the well-
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tailored selection of adequate experts by clearly outlining the required expertise and interests (cf. A). Second, 
this specificity also allows for the application of knowledge integration techniques, which are well tailored to 
the specific tasks. Group brainstorming was, for instance, applied to the definition of an adequate and 
sufficient set of impact factors for a valid and broadly accepted system representation because this step 
should be based on the integration of a broad range of perspectives. Based on the insights of the presented 
study, I would suggest placing special emphasis on the involvement of a broad range of perspectives in this 
fundamental step as this set of impact factors builds the basis for all subsequent steps. Judgments of either 
single experts or small expert groups in the impact assessment, in the definition of future levels as well as in 
assessing the consistencies including their plausibilization, on the other hand, are appropriate techniques for 
the integration of highly specific knowledge and enhance the robustness and acceptance of the scenarios. 

For the analysis of technological change in thermal waste treatment, a two-stage expert-knowledge 
integration procedure was applied, consisting of expert interviews and a subsequent online survey. The 
expert selection was, on the one hand, guided by the aspiration to include experts prominently involved in 
the discussions on and examination of alternative technologies that took place in Switzerland in the 90s and 
by the ambition to include the different stakeholder groups. This structured the expert selection process and 
resulted in an appropriate panel of experts (cf. A). The individual expert interviews turned out to be highly 
adequate to generate deep insights into a case and to elicit genuine personal views. The expert interviews 
struck the adequate balance between a clear procedural structure (interview guide) and the possibility to 
adapt to the specific course of the conservation. The consecutive procedure additionally enhances knowledge 
integration as it allows the interviewer to intersperse purposefully argumentations of precedent interviews, 
which leads to deeper reasoning. In general, conducting and analyzing expert interviews is time consuming. 
The impact factor-based protocol and its validation after the interviews turned out to be a highly efficient 
approach. The online survey, in contrast, allowed for the efficient further development of the interviews’ 
result by relating the comprehensive picture gained in the interviews to the three specific technology 
options. In contrast to the open questions of the interview, it consisted of well-defined tasks, including 
selections among an already existing list of impact factors and corresponding relevance judgments. It seems 
that an online survey would not have been the appropriate form of involvement for mapping out the various 
views and corresponding rationales provided by the actors. This is indicated by the low answers to an open 
question, which gave the experts the possibility to develop the list of impact factors further (cf. B). 

6.3 Further research 
The presented thesis identified a variety of further research that can contribute to the outlined sustainability 
transition of Swiss waste management. In the following, I emphasize a research direction that directly builds 
upon the workshop results. It approaches some of the major identified end-of-pipe challenges of Swiss waste 
management, i.e., partly unclosed nutrient (phosphorus) and metal cycles, appropriateness of current 
separate collection schemes, and remaining potential risks associated with the disposal of waste of 
insufficient quality. The outline research focuses on the optimization of environmental and economic 
efficiency in municipal solid waste management, more specifically, thermal waste treatment. 

During thermal waste treatment, the metals contained in the incinerated waste are transferred to the 
thermal residues. Although some success in the mechanical separation of both ferrous and non-ferrous 
metals from these residues (mainly from bottom ash) has become apparent in recent years, significant 
amounts of metals, e.g., copper, zinc, and aluminum, are still put in landfills with low quality residues, which 
pose potential risks for the environment and human health. The lost metals need to be substituted by 
energy-intense primary production. Furthermore, some experts assume that the separate collection of metal-
rich waste fractions, e.g., tin plate, aluminum beverage cans, or batteries, is no longer the most efficient way 
to recycle metal. They see a considerable potential to reduce costs and environmental impacts through the 
introduction of centralized separations or alternative thermal treatment processes that allow for process 
internal metal separation and, at the same time, for reducing the toxicity of organic compounds in the 
residues. Since the prohibition of recycling phosphorus-rich sewage sludge and animal waste due to hygienic 
concerns and the compulsory thermal treatment of these fractions in grate-firing systems, also limited and 
essential phosphorus is transferred to the thermal residues and, thus, put to landfills. 

Against this background, two research streams become apparent. The first addresses the problem of open 
metal cycles and complements the research of the fourth paper of the thesis. The aim is to model 
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quantitatively and to assess different options for thermal waste treatment in order to find the “best” system 
using a prospective perspective. It should be based on an integrated approach, considering (i) existing as well 
as innovative technological options, such as centralized waste separation (cf. Killmann & Pretz, 2006) or 
alternative thermal processes (cf. Gohlke & Martin, 2007; Malkow, 2004), e.g., EBARA TwinRec or RESHMENT 
(cf. Chapter 5), (ii) material, energy, and economic flows, (iii) different variants of waste inputs for thermal 
treatment, e.g., elimination of separate collections for metal-rich waste fractions, and (iv) all lifecycle stages. 
Furthermore, the analysis should apply a region-specific approach as the performance of a waste 
management system crucially depends on the specific characteristics of the spatial surrounding (cf. Ekvall et 
al., 2007; Hellweg et al., 2005). As indicated in Chapter 5, these characteristics, for instance, affect the trade-
off between material and energy considerations through determining the environmental and economic 
efficiency of the district heating system in order to use the incinerator waste heat. The results from the 
assessment of the different options for thermal waste treatment could be used to develop further the 
qualitative results of Paper 4. The quantitative insights would allow for creating a link between specific 
future levels of the impact factors identified and the resulting direction of technological change that is 
fostered by certain constellations of levels of these impact factors. 

The second research stream focuses on the optimization of managing phosphorus-rich waste fractions, 
mainly sewage sludge and animal waste. The aim is to assess different options that make accessible the 
resource potential of these waste fractions and adequately consider the hygienic concerns. Adam et al. 
(2009), for instance, present a two-stage treatment for sewage sludge based on mono-incineration and 
subsequent thermo-chemical ash treatment. The option spectrum should also consider upstream 
phosphorus recovery by alternative processes in wastewater treatment (cf. Münch & Barr, 2001). This 
indicates that, similar to the option assessment outlined for the precedent case, the identification of more 
sustainable waste management systems for sewage sludge and animal waste should rely on an integrated 
approach. 

Regarding the long-term transition issue, insights of the first research stream outlined above could also 
indirectly contribute to the improvement of material lifecycles by deriving suggestions for integrated product 
policy (IPP) in order to improve their manageability after consumption. The concept relates to a kind of 
backward planning approach for lifecycle management, which (based on the available options for 
environmentally friendly and economically efficient end-of-pipe waste management) tries to frame the 
upstream stages of material lifecycles in such a way that the resulting wastes can be managed more 
properly. Clearly, many additional and perhaps more important aspects related to upstream impacts need to 
be considered when approaching entire material lifecycles. Examples are as follows: scarcities of mineral raw 
materials (e.g., a variety of metals) and related options for material substitution, dematerialization of 
consumption, minimizing grey energy in products, sustainable mining and production patterns, greening 
logistics, etc. The goal is to identify the balanced optimum among the variety of approaches in terms of 
environmental and economic impacts as well as societal compatibility (e.g., justice considerations in landfill 
management). 



Integrating and structuring expert knowledge for sustainability transitions in socio-technical systems 

 90 

6.4 References 
Adam, C., Peplinski, B., Michaelis, M., Kley, G., & Simon, F. G. (2009). Thermochemical treatment of sewage 

sludge ashes for phosphorus recovery. Waste Management, 29(3), 1122-1128. 

Beierle, T. C., & Cayford, J. (2002). Democracy in practice. Public participation in environmental decisions. 
Washington: Resources for the future. 

Checkland, P. B. (1981). Systems thinking, systems practice. Chichester a.o.: Wiley. 

Ekvall, T., Assefa, G., Björklund, A., Eriksson, O., & Finnveden, G. (2007). What life-cycle assessment does and 
does not do in assessments of waste management. Waste Management, 27(8), 989-996. 

Elzinga, A. (2007). Participation. In G. Hirsch Hadorn, H. Hoffmann-Riem, S. Biber-Klemm, W. Grossenbacher-
Mansuy, D. Joye, C. Pohl, U. Wiesmann & E. Zemp (Ed.), Handbook of transdisciplinary research, 345-
360). Berlin: Springer. 

Freeman, R. E. (1984). Strategic management: A stakeholder approach. Boston: Pitman. 

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. 

Gohlke, O., & Martin, J. (2007). Drivers for innovation in waste-to-energy technology. Waste Management & 
Research, 25(3), 214-219. 

Hellweg, S., Fischer, U., Hofstetter, T. B., & Hungerbuehler, K. (2005). Site-dependent fate assessment in LCA: 
Transports of heavy metals in soil. Journal of Cleaner Production, 13, 341-361. 

Johnson, J., Harper, E. M., Lifset, R., & Graedel, T. E. (2007). Dining at the periodic table: Metals concentrations 
as they relate to recycling. Environmental Science & Technology, 41(5), 1759-1765. 

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, 78-91. 

Killmann, D., & Pretz, T. (2006). Status der sensorgestützten Sortierung im Recycling [State of sensor-based 
sorting in recycling]. In K. E. Lorber, W. Staber, H. Menapace, N. Kienzl & A. Vogrin (Ed.), Abfall- und 
Deponietechnik. Abfallwirtschaft. Altlasten [Waste and landfill technology. Waste management. 
Contaminated sites], 243-250). Leoben: VGE Verlag. 

Krütli, P., Stauffacher, M., Flüeler, T., & Scholz, R. W. (submitted). Functional-dynamic public participation in 
technological decision-making: Site selection processes of nuclear waste repositories. Science, 
Technology and Human Values. 

Lang, D. J., Scholz, R. W., Binder, C. R., Wiek, A., & Stdubli, B. (2007). Sustainability Potential Analysis (SPA) of 
landfills - a systemic approach : theoretical considerations. Journal of Cleaner Production, 15(17), 1628-
1638. 

Linkov, I., Satterstrom, F. K., Kiker, G., Batchelor, C., Bridges, T., & Ferguson, E. (2006). From comparative risk 
assessment to multi-criteria decision analysis and adaptive management: Recent developments and 
applications. Environment International, 32(8), 1072-1093. 

Loorbach, D., & Rotmans, J. (2006). Managing transitions for sustainable development. In X. Olsthoorn & A. J. 
Wieczorek (Ed.), Understanding industrial transformations: views from different disciplines, 187-205). 
Dordrecht: Springer. 

Loorbach, D., & van Raak, R. (2005). Governance in complexity: A multi-level policy framework based on 
complex systems thinking. Paper presented at the conference Lof der Verwarring, Conference 
Location|. 

Malkow, T. (2004). Novel and innovative pyrolysis and gasification technologies for energy efficient and 
environmentally sound MSW disposal. Waste Management, 24(1), 53-79. 



Concluding remarks 

 91 

Münch, E. V., & Barr, K. (2001). Controlled struvite crystallisation for removing phosphorus from anaerobic 
digester sidestreams. Water Research, 35(1), 151-159. 

Nill, J., & Kemp, R. (2009). Evolutionary approaches for sustainable innovation policies: From niche to 
paradigm? Research Policy, 38(4), 668-680. 

Pohl, C., & Hirsch Hadorn, G. (2007a). Core terms of transdisciplinary research. In G. Hirsch Hadorn, H. 
Hoffmann-Riem, S. Biber-Klemm, W. Grossenbacher-Mansuy, D. Joye, C. Pohl, U. Wiesmann & E. Zemp 
(Ed.), Handbook of transdisciplinary research, 427-432). Berlin: Springer. 

Pohl, C., & Hirsch Hadorn, G. (2007b). Principles for designing transdisciplinary research proposed by the Swiss 
Academies of Arts and Sciences. München: Oekom Verlag. 

Price, J. L., & Joseph, J. B. (2000). Demand management - A basis for waste policy: A critical review of the 
applicability of the waste hierarchy in terms of achieving sustainable waste management. Sustainable 
Development, 8(2), 96-105. 

Reed, M. S. (2008). Stakeholder participation for environmental management: A literature review. Biological 
Conservation, 141(10), 2417-2431. 

Reed, M. S., Graves, A., Dandy, N., Posthumus, H., Hubacek, K., Morris, J., et al. (2009). Who's in and why? A 
typology of stakeholder analysis methods for natural resource management. Journal of Environmental 
Management, 90(5), 1933-1949. 

Schmidt, J. H., Holm, P., Merrild, A., & Christensen, P. (2007). Life cycle assessment of the waste hierarchy - A 
Danish case study on waste paper. Waste Management, 27, 1519-1530. 

Scholz, R. W. (in prep.). Environmental literacy in science and society: From knowledge to decisions. 

Scholz, R. W., Mieg, H. A., & Oswald, J. E. (2000). Transdisciplinarity in groundwater management - Towards 
mutual learning of science and society. Water Air and Soil Pollution, 123(1-4), 477-487. 

Scholz, R. W., & Tietje, O. (2002). Embedded case study methods: Integrating quantitative and qualitative 
knowledge. Thousan Oaks: Sage. 

Smith, A., Stirling, A., & Berkhout, F. (2005). The governance of sustainable socio-technical transitions. 
Research Policy, 34(10), 1491-1510. 

Stauffacher, M., Flüeler, T., Krütli, P., & Scholz, R. W. (2008). Analytic and Dynamic Approach to Collaboration: 
A Transdisciplinary Case Study on Sustainable Landscape Development in a Swiss Prealpine Region. 
Systemic Practice and Action Research, 21(6), 409-422. 

Susskind, L., McKearnan, S., & Thomas-Larmer, J. (1999). The consensus building handbook: A comprehensive 
guide to reaching agreement. Thousand Oaks, Calif.: Sage Publications. 

van Asselt, M. B. A., & Rijkens-Klomp, N. (2002). A look in the mirror: reflection on participation in Integrated 
Assessment from a methodological perspective. Global Environmental Change, 12, 167-184. 

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. 

Walter, A. I., Wiek, A., & Scholz, R. W. (2007). Constructing regional development strategies: A case study 
approach for integrated planning and synthesis. In G. Hirsch Hadorn, H. Hoffmann-Riem, S. Biber-
Klemm, W. Grossenbacher-Mansuy, D. Joye, C. Pohl, U. Wiesmann & E. Zemp (Ed.), Handbook of 
transdisciplinary research, 223-243). Berlin: Springer. 

White, L. (2002). Size matters: large group methods and the process of operational research. Journal of the 
Operational Research Society, 53(2), 149-160. 

Wiek, A., Lang, D. J., & Siegrist, M. (2008). Qualitative system analysis as a means for sustainable governance 
of emerging technologies: the case of nanotechnology. Journal of Cleaner Production, 16(8-9), 988-
999. 



Integrating and structuring expert knowledge for sustainability transitions in socio-technical systems 

 92 

Wiek, A., Scheringer, M., Pohl, C., Hadorn, G. H., & Valsangiacomo, A. (2007). Joint problem identification and 
structuring in environmental research. Gaia-Ecological Perspectives for Science and Society, 16(1), 72-74. 

 



Additional publications and presentations 

 93 

Additional publications and presentations 

Conference Proceedings 
Spoerri, A., Lang, D.J., & Scholz, R.W. (2007). Management of options for sustainable waste management in 
Switzerland. In R. Cossu, L. F. Diaz & R. Stegmann (Eds.). Sardinia 2007: Proceedings of the Eleventh 
International Waste Management and Landfill Symposium. Cagliari: Environmental Sanitary Engineering 
Centre (CISA). 

Spoerri, A., Lang, D.J., & Scholz, R.W. (2007). Management of options for sustainable waste management in 
Switzerland. In L. M. Hilty, X. Edelmann & A. Ruf (Eds.). R’07 World Congress: Recovery of Materials and Energy 
for Resource Efficiency. Dübendorf: Swiss Federal Laboratories for Materials Testing and Research (EMPA). 

Presentations 
Spoerri, A., Lang, D.J., & Scholz, R.W. (2009). Technological change in Swiss thermal waste treatment: A socio-
technical analysis. Oral presentation hold at the 5th International Conference on Industrial Ecology: Transitions 
toward Sustainability, June 21-24, Lisbon: Calouste Gulbenkian Foundation. 

Spoerri, A., Lang D.J., & Scholz, R.W. (2007). Management of options for sustainable waste management in 
Switzerland. Oral presentation hold at the R'07 World Congress: Recovery of Materials and Energy for Resource 
Efficiency, September 3-5, Davos: Congress Center. 

Spoerri, A., Lang, D.J., Binder, C.R., & Scholz, R.W. (2007). The future of mineral secondary products from 
construction and demolition waste. Oral presentation hold at the 3rd International Conference on Life Cycle 
Management, August 27-29, Zurich: University of Zurich. 

Spoerri, A., Lang, D.J., & Scholz, R.W. (2007). Management of options for sustainable waste management in 
Switzerland. Oral presentation hold at the Eleventh International Waste Management and Landfill Symposium, 
October 1-5, S. Margherita di Pula (Cagliari): Forte Village Resort. 

Spoerri, A., Lang, D.J., Binder, C.R., & Scholz, R.W. (2006). Fields of action for future integrated waste 
management. Poster presented at the Gordons Research Conference on Industrial Ecology, August 6-11, Oxford: 
Queens College. 

Unpublished project reports 
Spoerri, A. (in prep.). Technologischer Wandel in der thermischen Abfallbehandlung der Schweiz. ETH Zurich, 
Natural and Social Science Interface (NSSI). 

Spoerri, A. (2007). Szenarien für die Abfallplanung: Nachhaltige Bewirtschaftung von mineralischen 
Rückbaustoffen (Schlussbericht). ETH Zurich, Natural and Social Science Interface (NSSI). 

Spoerri, A. (2006). Szenarien für die Abfallplanung: Nachhaltige Bewirtschaftung von mineralischen 
Rückbaustoffen (1. Zwischenbericht: Systemanalyse). ETH Zurich, Natural and Social Science Interface (NSSI). 

Spoerri, A. (2004). Formativer Strategie-Workshop OMNA: Resultate und Auswertungen. ETH Zurich, Natural 
and Social Science Interface (NSSI). 

 



Integrating and structuring expert knowledge for sustainability transitions in socio-technical systems 

 94 

Acknowledgments 

I would like to thank Prof. Dr. Roland Scholz for supervising this thesis, for creating a stimulating and 
challenging atmosphere in our research institute, and for placing the responsibility for interesting research 
and teaching projects on me – that I could make my own, good and bad experiences and to find my way 
through the labyrinths of science. 

I am also indebted to Dr. Daniel Lang for supervising this thesis, for good joint authorship and project 
management, for inspiring discussions and reflections, and for the agreeable working atmosphere within the 
group of waste and resource management. 

Moreover, I would like to thank Prof. Dr. Chris T. Hendrickson for external supervising this thesis, for 
challenging me with helpful feedback to my papers, and for the excellent time we had during his research 
stay at ETH Zurich. 

I want to gratefully thank Dr. Beat Stäubli who supervised the thesis from the perspective of a practitioner. 
He helped me to bridge the gap between science and practice. I am convinced that real transdsiciplinary 
processes can only work successfully with persons like Beat involved who are understanding and accepting 
both sides and their potential contributions to the same issue. 

I further appreciate Dr. Michael Stauffacher, Corinne Moser, Dr. Arnim Wiek, Dr. Claudia R. Binder, Patrick 
Wäger, Fadri Gottschalk and Hans-Jörg Althaus, who provided me with useful feedback and excellent reviews 
of papers. 

Besides all the experts that were involved in the different projects, I want to thank the people from the 
steering board of the project (Franz Adam, Dr. Elmar Kuhn, Dr. Beat Stäubli (AWEL); Dr. Hans Peter Fahrni 
(FOEN); Prof. Dr. Claudia R. Binder (University of Zurich); Prof. Dr. Roland W. Scholz, Dr. Daniel J. Lang (ETH 
Zürich). They allowed me to get a better idea about the practical perspective on Swiss waste management 
and supported this work. A special thank goes to the Federal Office for the Environment (FOEN) and the 
environmental protection agency of the Canton Zurich (AWEL) for providing the funding for the project. 

Finally, I would like to thank my working colleagues from NSSI for the nice working atmosphere, the good 
companionship, and the interesting discussions of various scientific issues in the field of human-
environment systems research. 

 



Curriculum Vitae 

 95 

Curriculum Vitae 

Andy Spörri 

Master of Sciences ETH (MSc ETH) 

 

 

1978 Born in Otelfingen (Switzerland) 

1998 A-levels at Kantonsschule Zürich-Oerlikon 

1998-2004 Study of Environmental Sciences 
 Specializations: Environmental Physics and Anthroposphere 

 Degree: Master of Sciences ETH (MSc ETH) 

- 2001 - Internship at Swiss Federal Institute of Aquatic Science and Technology (EAWAG) 

- 2002-2003 - Professional practical training at Migros-Genossenschafts-Bund (MGB) 

2004-2005 Research assistant at ETH Zurich 

2005-2009 Ph.D. study at ETH Zurich 

 Thesis: Integrating and Structuring Expert Knowledge for Sustainability Transitions in 
Socio-technical Systems: Applied to Swiss Waste Management 

 

 

 

 

 

Contact 

ETH Zurich 
Institute for Environmental Decisions (IED) 
Natural and Social Science Interface (NSSI) 
ETH Zentrum 
Universitaetstrasse 22, CHN J70.1 
8092 Zurich 
Switzerland 
Tel. +41 (0)44 632 54 53 
Email: andy.spoerri@env.ethz.ch 
Internet: http://www.uns.ethz.ch/people/staff/spoerria 


