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As for the future, your task is not to foresee, but to enable it.
Antoine de Saint Exupery

Abstract This chapter provides an overview of theorizing on technology change
and socio-technical transition. The first contribution of the chapter is to clarify how
distinct theoretical framework should be understood in the context of other related
theorizing. The second contribution is to clarify the sources of theoretical tensions,
and to resolve ambiguities in terms. This is important because tensions and
ambiguities hinder the accumulation of an inter-subjective theoretical ground. We
observe that sustainability transition research increasingly relies on process
theorizing. It stresses the role of feedback mechanisms and systemic barriers as a
new rationale for concerted strategy and policymaking. On the other hand, it does not
answer the questions of which and how causal structures influence system behavior,
e.g., in terms of reaching emission reduction targets in time and/or dynamical
competitiveness. We have identified two reasons for this tension. First, sustainability
transition research traditionally employs descriptive theorizing. Behavioral
consequences remain obscure due to lacking causal propositions. Second, there exists
a variety of categorization schemes that use ambiguous technical terms for describing
linkages, processes, and performance characteristics. Consequently, we propose a
standardization of system technical terms based on system dynamics methodology.
This is important to facilitate a shared understanding on the factors and processes of
(un-)desired transition trends. Further, we propose to apply system dynamics
mapping tools to conceptualize socio-technical systems as a causal feedback system.
This mapping approach provides the structural elements of critical behavior phenom-
ena, like inertia, lock-in, and path creation, in socio-technical systems. We assume
that this is particularly supportive for governance-based steering, because causal
beliefs about effective governance structures are a necessary condition for the
acceptance of concerted action programs in heterogeneous actor groups.

S. Ulli-Beer (2<)

General Energy Dynamics of Innovative Systems, Paul Scherrer Institut, PSI Ost, 5232
Villigen, Switzerland

e-mail: silvia.ulli-beer@bluewin.ch

S. Ulli-Beer (ed.), Dynamic Governance of Energy Technology Change, 19
Sustainability and Innovation, DOI 10.1007/978-3-642-39753-0_2,
© Springer-Verlag Berlin Heidelberg 2013


mailto:silvia.ulli-beer@bluewin.ch

20 S. Ulli-Beer

Contents
2.1 INErOAUCHION ...ttt ettt et 20
2.2 The Real World Socio-Technical Governance Situation ................c..oooieeieinan. 21
2.3 The Notion of Socio-Technical Transition and Governance Dynamics .................. 22
2.4 Heterogeneity in TREOTIZING ... ...ooviiiieiittt e 24
2.4.1 Disciplinary Perspectives on Technology Change ...............c.coiviiiiinin. 26
2.4.2 Systemic Perspectives on Sustainability Transitions .................ccooiee... 31
2.4.3 Governance of Technology Change and Sustainability Transitions .............. 35
2.5 Toward a System Dynamics Approach for Theorizing About Socio-Technical Change 37
2.5.1 A System Dynamics Perspective .............oooiiiiiiiiiiiiiiiiiiiiiiiiii, 38
2.5.2 Tools for Describing Socio-Technical Governance Structures ................... 39
2.6 Conclusions: Opportunities for Explanatory Models for Resolving Tensions in
Sustainability Transition StUdies ...........o.uueiiiiiii e 41
References ... ... 43

2.1 Introduction

In this chapter we critically discuss conceptual grounds of technology change and
sustainability transition research. Innovation researchers have to deal with a multi-
faceted reality, therefore they develop analytical perspectives for building inter-
nally consistent theories that reduce the dynamical complexity in such a way that a
“useful” picture emerges. A variety of analysis approaches have emerged, which
shows a broadening in the problem framing and unit of analysis (Smith et al. 2010).
Their common research interest is to describe the structure or performance of
systems. In other words, they aim to clarify the factors and processes that explain
the rate, direction and patterns of (radical) innovation adoption, diffusion and use.
However, tensions between different theorizing approaches may arise depending on
the chosen perspective, conceptualization, and terminology (Poole and Van de Ven
1989). While such tensions are confusing for (novice) researchers and practitioners,
they also offer opportunities to advance sustainable transition theories, as the
flourishing discussion in the literature shows (Edquist 2004; Hekkert et al. 2007;
Bergek et al. 2008; Smith et al. 2010; Foxon 2011).

The overarching aim of this chapter is to enhance the clarity of the real world
context and theoretical approaches of energy technology change and socio-
technical transitions. We provide answers to the three guiding research questions:

¢« How should distinct theorizing be understood in the context of related
theorizing?

*  What are the sources of tensions and confusions between related theorizing?

¢ How can the tensions and ambiguities be resolved?

After providing a better understanding about the terms technology change,
socio-technical transitions and governance, we elaborate distinct characteristics of
different modes of theorizing. This provides the underlying logic for discussing the
synopsis on theorizing on technology change and socio-technical transitions. We
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will specifically focus on the modus of theorizing and the applied technical terms to
describe important factors and processes. Finally, we propose a system dynamics
perspective that allows resolving some of the tensions and integrating insights from
distinct theorizing.

We believe that this theoretical discussion is specifically helpful for novice
innovation researchers that aim to develop theoretically grounded decision support
tools for policy and strategy support in (messy) socio-technical problem situations.

2.2 The Real World Socio-Technical Governance Situation

The formulation of a problem is often more essential than its solution, which may be merely a
matter of mathematical or experimental skill. Albert Einstein, cited in (Van de Ven 2007: 71).

In this section, the real world challenge of the governance of sustainability
transitions in socio-technical systems is elaborated. A better understanding of the
specific challenges helps researchers to identify and integrate the relevant knowl-
edge concerning technology change and sustainability transition research for policy
and strategy making.

Consequently, the perspective taken in this chapter and throughout the book
departs from a managerial situation of entrepreneurs and policymakers at the local
level that proactively try to respond to global changes, such as climate change.
Motivations for their actions arise not only from the established action paradigms of
securing competitive advantages or economic growth, but also from enhancing
resource productivity and from mitigation opportunities of global threads (Porter
and Van der Linde 1995; Smith et al. 2010). These motivations come along with
additional challenges, such as the establishment of new action paradigms within
socio-technical systems. These may induce broader change within existing regimes
of science and technology, industries, markets, and politics, but also the built
environment (Geels and Schot 2007). This means that segmentation and
decentralized decision making in socio-technical systems increases the complexity
of the management task.

This creates a specific management situation. It turns from a well-structured
problem situation that is amenable by well-known problem-solving technologies
(in the broadest sense) into a messy problem situation. Such a situation is defined as
“a dynamic situation that consists of complex systems of changing problems that
interact with each other” (Ackoff 1979: 99). Miiller, Grosser et al. (see Chap. 4)
specify the messy action context of a socio-technical transition challenge as a
societal problem situation. They characterize such transition challenges as “highly
fragmented situations, where it may not be clear what exactly the problem is, what
kind of actors are involved in it, and who is responsible for addressing the problem.
In particular, fragmentation means that actors in the problem situation may not be
aware that they are participants in a societal problem situation” (Miiller
et al. 2012: 498). This messy transition challenge also involves dynamic
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decision-making tasks. These are tasks that require managing rates and states of a
system, such as selling/scrappage rates of (energy-efficient) cars and its
corresponding fleet stock, or the decay and renovation rate of the stock of buildings
with the objective to achieve a cost-effective CO, emission reduction trajectory.
Experimental research and practice has shown repeatedly that such tasks are
managed with low performance results, yielding costly, unsustainable, or undesired
outcomes (Sterman 1989; Sterman 1994; Diehl and Sterman 1995; Moxnes 2004).
The poor performance is explained by misperception of circular causalities
(i.e., biased perceptions of delays, nonlinearities, or feedback complexities) that
results in deficient management rules. Such a messy and dynamic complex situation
hampers the deployment of eco-innovations and policy making. It calls for the
development of adequate perspectives, frameworks and analysis methods for
elaborating helpful guidance and decision support for the concrete problem
situation (Sterman 2011).

Such tools should help entrepreneurs and policymakers to overcome their own
misperception when dealing with dynamical decision tasks. Specifically, they
should give guidance in dealing with systemic barriers and drivers, such as histori-
cally grounded lock-in effects and path creation toward a greener economy. There-
fore, the tool should be applicable for strategy and policy making in the concrete
action context, i.e., support the discussion of competitive advantages and compli-
ance with CO, emission targets.

2.3 The Notion of Socio-Technical Transition and
Governance Dynamics

The overarching topic of the book is summarized by the title: governance dynamics
of energy technology change toward more sustainable futures: analyzing and
substantiating socio-technical transitions. In this subsection we elaborate the
understanding of the applied terms.

Technology change: With the notion technology change, we refer to the rate
and direction of technology development and its economic impact. Relevant
theorizing on technology change can be found within the disciplinary fields of
technology and innovation management, industrial dynamics, and evolutionary
economics, as well as the systems of innovation literature. The technology change
literature is strongly linked to economic growth and competition issues.

Socio-technical transition: Socio-technical transition refers to reconfiguration
processes between technology development and broader adjustment processes in
science, industry, markets, policy, and culture (Geels and Schot 2007) that are
necessary for the creation of new trajectories (Geels 2002; Geels and Schot 2007).
Socio-technical system encompass the subsystem of production, diffusion and use of
technology (Geels 2004). In contrast to technology change research addressing tradi-
tionally economic growth issues, the broader focus of research on socio-technical
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transition towards sustainability is interested in understanding how shifts in societal
undesired trajectories of technological developments towards more sustainable
trajectories come about in sectors such as transportation or housing (Kemp
et al. 1998). This specific kind of research is also called sustainability transition
research. The term sustainability indicates the normative quest of the direction and
rate of change. It explicitly acknowledges the need to secure all three aspects in the
socio-technical governance task, i.e., economical, ecological and societal aspects.

Governance: In the literature, the notion governance is described in many
different ways and often used as an imprecise term that is related to policy
interventions and institution building by the government (Meadowcroft 2007,
Florini and Sovacool 2009). Government is a crucial but not the only means through
which governance or coordination is achieved between actors. According to Florini
and Sovacool (2009), “governance refers to any of the myriad processes through
which a group of people set and enforce the rules needed to enable that group to
achieve desired outcomes” (5240). In the context of societal problem situations,
arrangements of public and private actors for solving societal problems are referred
to as social-political governance (Kooiman 2000). Meadowcroft (2007) applies the
notion “governance for sustainable development.” He refers it to socio-political
processes and interactions between public authorities, private business, and civil
society oriented toward the attainment of sustainable development. It is a form of
long term ‘societal self-steering’ that is goal directed and involve the coordination
of activities of decentralized actors. Meadowcroft (2007) emphasizes that “a critical
component of the steering involved in governance for sustainable development are
the societal interactions which can help define ‘clear goals’ and develop better
causal theories” (307). Because of this orientation on societal learning within
governance, the term interactive or reflective governance is used (Hendriks and
Grin 2007; Walker and Shove 2007). Voss et al. (2009) refers to the design of
transition management as a promising mode of reflexive governance and long-term
policy planning.

In our book we use the term governance in reference to socio-technical steering
mechanisms understood in the sense of (circular) causalities, which coordinate the
interactions of multiple actor groups or subsystems, as stated in Chap. 1. We
assume that intertwined circular causalities between action rules control the
power of actor groups with similar values and beliefs, the development of their
resources, technologies, product markets, and infrastructures. Discrepancies
between desired and effective system states create pressure for corrective actions
within the socio-technical system; however, such purposeful responses may be
overruled by historically established steering mechanisms and actor groups. This
creates systemic resistance to change and results in undesired path dependencies
and lock-in." Not only purposeful interventions by the government and other actor

! Path dependence refers to self-reinforcing processes that accelerate the development direction
within a system. Lock-in refers to a historically evolved system state that can only be changed with
great effort.
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groups to achieve a desired outcome are considered, but also counteracting steering
mechanisms, which reflect power asymmetries and path dependence in the system.

The term governance dynamics refers to both the variation in socio-technical
steering mechanisms and its direct or indirect influence on measurable trajectories
of change, such as CO, emission trajectories. For example, discrepancies between
desired and effective CO, emission rates from transportation exert pressure on the
guiding rules of actor groups to pay more attention to environmental attributes in
the decision-making process.

With this understanding, we emphasize structural and behavioral causalities of
governance. In this manner, we relate micro-scale activities to changes over time in
selected system indicators. This is a linkage that has not gained much attention in
the literature about governance in general, and about governance of socio-technical
transitions in particular.

2.4 Heterogeneity in Theorizing

Synopsis: In order to address the first research question, “How should distinct
theorizing be understood in the context of related theorizing?” we provide a
synopsis about relevant theorizing. The focus is on theory-building approaches in
the technology change and sustainability transition literature that characterize
important factors and processes of governance dynamics in socio-technical
transitions. For our synopsis, we have selected illustrative and most important
stepping stones that address aspects of competitive ability and sustainability
transitions. This means that we have not considered all research that enhances the
understanding of important determinants. An encompassing account of the different
theoretical approaches is beyond the scope of this work. Thematically focused
reviews can be found in the literature (e.g., Garcia and Calantone 2002; Jordan
2008; Markard and Truffer 2008; Coenen and Diaz Lopez 2010; Smith et al. 2010;
Markard et al. 2012). We acknowledge that we need to remain sensitive to more
peripheral and new research lines within the broad field of sustainability transition
studies. Here, we would like to emphasize specifically the new literature on
determinants of eco-innovations that are based on panel data models and analysis
(e.g., Cainelli et al. 2011; Horbach et al. 2012; Kesidou and Demirel 2012).

In our synopsis we give a brief idea about the content and scope of the selected
perspectives. We show how theory development has increased the variety in the
used perspectives and terminology for explaining the determinants of innovation,
technology change, and sustainability transitions. We are interested in better under-
standing the sources of variety in used technical terms (i.e., factors, structure,
elements, processes, forces, dynamics, interactions, alignments, feedback, motors,
functions). How are the technical notions used in theorizing? How are determinants
of innovation systems, transitions, and performance conceptualized? In this manner
the reader may become confused concerning the variety of terms. But this is
exactly the main argument of our contribution: The conceptual ground of
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socio-technological transition is confusing, specifically for the novice innovation
researcher. Our synopsis should provide an orientation and facilitate the selection of
further literature.

Modes of theorizing: In order to better understand the different approaches to
theorizing in socio-technical transitions, some features of theorizing need to be
distinguished. It provides the basis for answering the second research question,
“What are the sources of tensions and confusions between related theorizing?”

Descriptive theory: Conceptual frameworks and analysis heuristics that do not
specify causal relationships between concepts are not considered explanatory
theory but descriptive theory. Descriptive theory aims at improving categorizing
schemes in order to better identify the relevant attributes of a phenomena
(Christensen 20006).

Explanatory theory: Explanatory theory formulates assumptions with theoretical
terms (often based on categorizing schemes) about relationships, and conditions
when they apply (Van de Ven 2007). Explanations may be provided at different
levels of abstraction using theoretical or observable terms. Theoretical terms
(i.e., concepts and constructs) allow a higher level of abstraction and are used to
formulate grand and middle range theories. Derived statements about
relationships are termed propositions. Observable terms are variables that
allow testing hypotheses derived from operational theorizing. An adequate
understanding of causal relationships is important to derive policy or strategy
implications for action managers (Christensen 2006).

Van de Ven (2007) highlights two modes of scientific reasoning: (/) variance
theorizing and (2) process theorizing. Variance theorizing focuses on variance in
factors. It is based on the scientific logic of answering questions like, “What are the
antecedents or consequences of the issue?” (145). Variance is explained in terms of
relationships among independent and dependent variables or concepts.

Process theorizing applies a different theory-building perspective that focuses
on changes over time. It asks questions like, “How does the issue emerge, develop,
grow, or terminate over time?” (145). Outcomes are explained by sequences of
events. Consequently, a process analysis investigates sequences of change and how
they occur. An often-used process analysis method is the narrative approach, which
uses a conceptual framework to describe how things develop and change. Another
applied process approach is based on event analysis. Actions and activities are
classified to a category of concepts or variables that are deemed relevant to
understand variation in some outcome criteria.

Differentiating between these distinct modes and approaches of scientific
reasoning is important to understand the variety in theory and term conceptions.
Also, it helps to classify why and how different findings of theorizing relate to each
other, i.e., to understand when they are complementary rather than competing.
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2.4.1 Disciplinary Perspectives on Technology Change

There exists a wealth of theorizing on technology change and it has a 76-year-long
history (Garcia and Calantone 2002). Specific determinants (e.g., factor prices,
knowledge generation, and diffusion), characteristics of innovation (e.g., incremen-
tal and radical, disruptive and sustaining innovation) and impact of technology
change (e.g., creative destruction of firms, economic growth, and environmental
change) have been researched from different perspectives. These include supply,
demand, or organizational perspectives, as well as evolutionary perspectives on
technology change (Box 2.1).

Supply side or demand side perspectives: One prominent innovation model for
explaining technology (supply) push innovation is the so-called linear or pipeline
model. Innovation is explained by a linear succession of basic research that
generates new knowledge that leads to new applied research, resulting in invention,
prototyping, and development, and eventually to innovation with a successful
business model that allows widespread diffusion. This innovation model was
guiding the Manhattan project and many other technological innovations, particu-
larly during and after the World War II era (Rosenbloom 1981; Weiss and
Bonvillian 2009). The demand side perspective highlights innovations processes
that are induced from the economic or selection environment (Ruttan 2001). It
assumes that changes in the direction of technology development are caused by
changes in the markets (e.g., increasing or decreasing factor prices) or policy
environment (e.g., standard setting). It has been often applied to theorize on
innovation in agricultural development.

Firm- and industry-level theorizing: Early on, the importance of linking
technology management to further arenas of organizational development has been
emphasized (Rosenbloom 1981). This includes theorizing on the relationship
between technological dominant designs and innovation, as well as organizational
change, competition of firms, and whole industries (Abernathy and Utterback 1978;
Abernathy and Clark 1985; Tushman and Anderson 1986; Freeman and Perez 1988;
Utterback 1994, 1996; Christensen and Rosenbloom 1995; Christensen 2002;
Furman et al. 2002).

For example, the management of technology and innovations has been
investigated at the firm level as an important determinant of competitive advantage
(Utterback 1971; Cohen and Levinthal 1990; Adner 2006). Likewise, technology
change became a very important topic for whole industries, because it has the
capacity to disrupt the leadership structure of the industry and destroy big
companies (Henderson and Clark 1990; Utterback and Suarez 1993; Utterback
1996; Adner 2002; Christensen 2006). Utterback (1994, 1996) specifically
highlights the role of dominant product designs and technological innovations
that imply “changes in system relationships” in the industry. He argues that,
“architectural knowledge of products tends to become embedded in the structure
and information-processing procedures of established organizations” (195). Critical
are discontinuities that break market and manufacturing linkages and call for
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different kinds of business models (Utterback 1994, 1996; Christensen 2006). In
sum, the literature emphasizes that specific characteristics of technological
innovations and associated business models (e.g., incremental, radical, sustaining,
or disruptive innovation) have distinct impacts, even on economic cycles (Freeman
and Perez 1988; Henderson and Clark 1990; Christensen 2006).

Most of the theorizing described above went through the phase of descriptive
theory building with different categorization schemes on characteristics of
innovation and degree of innovativeness of a product, firm, or industry (Garcia
and Calantone 2002). Eventually, disruption theory, as an example, entered the
phase toward explanatory process theorizing, and the identification of the causal
mechanism between technological innovation and the success or failure of leading
companies (Christensen 2006). Newer panel data model and analysis specifically
focus on the determinants of environmental innovations and firm-level performance
(e.g., Horbach et al. 2012; Kesidou and Demirel 2012).

Endogenous variety creation: Dosi (1982) has suggested a micro-level frame-
work of technology change that offers an endogenous explanation of paradigm
changes in technology development; it accounts for incremental and radical tech-
nological change processes. In this, it explains how changes in the direction of
technology change come about in the sense of a “mutation generating” mechanism.
Radical changes in the direction of technological progress are attributed to para-
digm change in the search processes. Important determinants are ‘“scientific
advances, economic factors, institutional variables and unsolved difficulties of
established technological paths” (147). Incremental improvements follow the
same search paradigm and therefore follow the established improvement
trajectories.

Selection processes: Dosi’s interpretation of technology change complements
evolutionary economic models of technology change pioneered by Nelson and
Winter (1977, 1982). They developed formal economic models with endogenous
processes of technological change where the economic and social environments
select between both the direction of mutations and the mutations themselves (Dosi
1982). Evolutionary thinking, with the core concepts of variation, selection, and
differential replication, has become an important research field to better understand
dynamics of changes in economies. In evolutionary economics modeling,
innovation processes are conceptualized as the main driver of diversity creation
in technology and practice (variation). Competition, regulations, and institutions
are understood as mechanisms of selection. Imitation behavior is associated to
differential selection. Eventually, different formal modeling approaches have
been elaborated to analyze the outcome of these interacting processes (Safarzynska
and Van den Bergh 2010). The potential of evolutionary modeling approaches to
contribute to socio-technical transition theorizing has been highlighted more
recently (Safarzynska et al. 2012).

Evolutionary economic modeling is an example of formal explanatory
theorizing on a rather abstract level. It offers formal theorizing on causal mecha-
nism and system behavior development over time. It has the potential to test
propositions about micro-level processes and macro-level behavior.
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Behavior patterns of technology change: With the growing importance of
environmental and global changes, a kind of paradigm change toward a dynamic
perspective on eco-technology change can be observed (Porter and Van der
Linde 1995; Griibler 1998; Griibler et al. 1999b; Griibler et al. 2002). Griibler
(1999a) provides ample empirical evidence that technological choices have long-
term impact on the characteristics of industrial societies and the natural environ-
ment. Based on long-term historical analyses of time series, he identifies stylized
stages of technological development and typical characteristics as a basis for the
improvement of technological change modeling. In Table 2.1, six stages in the
life cycle of a technology are differentiated: invention, innovation, niche market
commercialization, pervasive diffusion, saturation, and senescence. For each
stage, key mechanisms and measures (cost, market share, learning rates) are
identified that relate its finding to extant technology change research. He
concludes that, despite the extant wealth of technology change research, it
remains an important area of research to elaborate processes of radical techno-
logical changes endogenously. This is deemed important to improve economic
modeling approaches and to provide guidance on how to deploy the
opportunities of eco-technology change (Griibler et al. 1999; Griibler
et al. 1999).

This line of theorizing is an exemplar of process theorizing on behavior
characteristics and underlying causal mechanisms. It provides both conceptual as
well as more operational input to formal economic modeling approaches.

In summarizing this synopsis on technology change theorizing, we recognize
that theorizing has advanced from, initial descriptive categorizing to explanatory
theorizing. Also, variance theories have been complemented with process
theories. Those either focus on behavioral sequences, on causal mechanisms,
or even on proposition about what causal mechanisms explain observed behavior
patterns over time. Hence, it is noteworthy that changes over times concerning
structural relationships and system behavior aspects are addressed by the term
dynamics of innovation in industries (Utterback 1994, 1996). Figure 2.1
illustrates stylized behavior patterns during phases of technology change that
have been identified by firm- and industry-level theorizing. Most interesting is
the number of firms that exhibit a boom-and-bust pattern during the stages of
niche market commercialization and pervasive diffusion of radical (or disruptive)
innovations.

Due to field specific boundaries, different levels of abstractions, and analysis,
there exists a heterogeneous understanding about core determinants (either as
factors or linkages between factors) of technology change. This may hinder the
advancement of more formal modeling and operational theorizing approaches. In
addition, the integration of this extant knowledge into theorizing on sustainability
transition may be hampered.
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Table 2.1 Stylized stages of technological development and typical characteristics (Adapted
from Griibler et al. 1999a: 249)

Stage Mechanisms Cost Market share Learning rate
Invention Idea & knowledge Difficult to 0 % Hard to measure
generation, attribute to a
breakthroughs; particular
basic research idea/product
Innovation Applied research, High, increas- 0 % Hard to measure,
development, and ingly high in
demonstration focused on learning
(RD&D) projects particular, (e.g..> 50 %)
promising
products
Niche market Identification of spe- High, but 0-5 % 2040 %
commercialization cial niche appli- declining,
cation; with
investments in standardiza-
field projects; tion of
close production
relationships
between suppliers
and users,
learning by doing
Pervasive diffusion ~ Standardization and  Rapidly 5-50 % Rap- 10-30 %
mass production; declining idly
economies of rising
scale; building of
network effects
Saturation Exhaustion of Low, some- Upto 100 % < = 0 % severe
improvement times competition
potentials and declining
scale economies,
arrival of more
efficient
competitors into
market; redefini-
tion of perfor-
mance
requirements
Senescence Domination by supe- Low, some- Declining < =0 % severe
rior competitors; times competition
inability to com- declining

pete because of
exhausted
improvement
potentials
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Dynamics of Innovation in Industries
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Fig. 2.1 Stylized behavior patterns of technology change in industries

Box 2.1: Definitions of Distinct Characteristics of Innovations

Definitions of important terms: In the literature, distinct innovation notions
are used with often differing understanding (e.g., van den Hoed 2007). For
our short overview, we refer to the original definitions of the key authors in
the field.

Dominant design: “A dominant design embodies the requirements of many
classes of users of a particular product, even though it may not meet the
needs of a particular class to quite the same extent as would a customized
design” (Utterback 1994, 1996: 25).

Incremental and radical innovations: “Incremental versus radical
innovations can be reinterpreted in terms of ‘normal’ technical progress
as opposed to new emerging ‘technological’ paradigms” (Dosi 1982: 158).

Sustaining innovation: “A sustaining innovation targets demanding, high-end
customers with better performance than what was previously available.
Some sustaining innovations are the incremental year-by-year
improvements that all good companies grind out. Other sustaining
innovations are breakthrough, leapfrog-beyond-the-competition products.
It doesn’t matter how technologically difficult the innovation is...
Because this strategy entails making a better product that they
[incumbents] can sell for higher profit margins to their best customers,
the established competitors have powerful motivations to fight sustaining
battles. And they have the resources to win” (Christensen 2003: 34).

Disruptive Innovations: “Disruptive innovations, in contrast, don’t attempt to
bring better products to established customers in existing markets. Rather,
they disrupt and redefine that trajectory by introducing products and
services that are not as good as currently available products. But disruptive
technologies offer other benefits — typically, they are simpler, more con-
venient, and less expensive products that appeal to new or less-demanding
customers” (Christensen 2003).
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2.4.2 Systemic Perspectives on Sustainability Transitions

In the last three decades, research on innovation systems evolved around issues of
technology change, economic growth, competitiveness, and sustainability
transitions. Smith et al. (2010) explains the development of innovations studies
on sustainability transitions as adjustments of analytical frameworks to the broad-
ening of the problem framing — from clean technologies to industrial ecology, and
to system innovation for sustainability. This development has been inspired by
different research strands that include research on technological paradigms (e.g.,
Dosi 1982), on technological regimes (e.g., Nelson and Winter 1977), complex
system research (e.g., Kauffman 1995) and national innovation systems research
(e.g., Freeman 1988), as highlighted by Markard et al. (2012). The authors have
identified the following four core research strands in the field of sustainability
transitions studies: transition management (TM), strategic niche management
(SNM), multi-level perspective (MLP) and technological innovation system
(TIS). The authors also highlight that, for the maturation of the field of
sustainability transitions studies, it becomes important to reach out beyond these
approaches.

In this subsection, we intend to give a brief overview on the content and scope of
most relevant systemic school of thoughts on technology change and sustainability
transition, being the NIS (national innovation systems), TIS, TM and SNM, and the
MLP approaches. In particular, we are interested in understanding how
“determinants” of innovation system transitions and performance are
conceptualized and what “system technical” notions are used. To remind, we
neither intend to provide a detailed account of each approach, nor do we mean to
give a systematic comparison of the approaches. These kinds of review can be
found in the literature (e.g., Coenen and Diaz Lopez 2010).

National systems of innovations (NIS): Since Freeman (1987, 1996), who first
developed the system perspective to study conditions of innovations in nations,
many innovation researchers have found the system perspective useful for studying
structures and processes of innovations. Eventually, different systems of
innovation have been defined depending on the specific scope and focus of analysis
(e.g., national, sectoral, regional, technological, or socio-technical systems). The
focus of a system perspective emphasizes interactions between technology, actors,
institutions, and activities beyond the boundary of the firm (Geels 2004).

Freeman (1987) coined and defined the term national system of innovation as
“the network of institutions in the public and private sectors whose activities and
interactions initiate, import, and diffuse new technologies” (1987: 1). With the term
activities, he refers to education, training, production engineering, design, and
quality control, as well as R&D. These activities are organized by institutional
arrangements, such as research councils, national R&D labs, or universities (Free-
man 1995). Edquist (2004) provides a broader and more general definition of
(national) systems of innovation. He argues that they encompass “all important
economic, social, political, organizational, institutional and other factors that
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influence the development, diffusion and use of innovation.” He points out that, at
the present state of the art, the determinants of innovation are not understood
systematically and in detail. Therefore, all factors that influence innovation pro-
cesses should be included. This has laid the ground for further NIS research that
focuses on the broader contextual factors and relationships that support technologi-
cal change. For example, the “triple helix” of the university-industry-government
relationship has been focused on as an important contextual relationship that
supports innovation and economic growth (Etzkowitz and Leydesdorff 2000;
Kim, Kim et al. 2012). Recent research has focused on factors that explain distinct
patterns of technology-based sectoral change (Dolata 2009). The transformative
capacity of a new technology has been suggested as one factor that describes the
technology-based pressure for change. The complementary factor is the sectoral
adaptability that accounts for the variance in the ability of social subsystems (e.g.,
institutions and actors) to anticipate and proactively manage technology pressure.

These innovation system approaches provide a broader perspective on factors
and interactions (including institutions that organize different domains of activities)
in support of technology-based entrepreneurship. In this, they enhance the under-
standing of effective structures in innovation systems concerning competitiveness.
They offer a snapshot understanding of the structure. Therefore, the traditional
innovation system approach may be considered as multi-dimensional variance
theory. It does not address dynamic aspect, neither concerning the evolution of
structures nor system behavior.

Technological innovation system (TIS): A specific focus on technological
niche development has been suggested by the technological innovation system
approach (Jacobsson and Bergek 2004; Hekkert et al. 2007; Bergek et al. 2008).
It aims at better understanding the processes and their dynamics in the buildup of an
innovation system.

This scholarship assumes that the innovation system around a technology is an
important determinant of technological change. It postulates that the development
of specific innovation system functions in chronological sequences is required for a
successful development and deployment of cleaner technologies. Examples of such
functions are entrepreneurial activities, knowledge development, knowledge diffu-
sion, guidance of search, market formation, resource mobilization, and creation of
legitimacy (Hekkert et al. 2007). A weak functional achievement or a mismatch
between the achievements of different functions may explain an unsuccessful setup
of an innovation system that accounts for eco-innovation failure.

This strand of research tries to identify patterns of reinforcing interactions
between the functions, named motors that foster the development of the functions.
With their approach, they provide a process framework about dynamics in
structures and system behavior. It has the characteristics of a conceptual description
framework, but does not yet qualify as a causal explanation for the emergence of
structure and system behavior. It does not yet suggest consistent causal
explanations about structural conditions that reinforce or hinder the performance
of functional achievements. Any institution- and actor-specific dimensions are
missing, as well as causal incentive or pressure concepts (Coenen and Diaz
Loépez 2010).



2 Conceptual Grounds of Socio-Technical Transitions and Governance 33

Strategic niche and transition management (SNM&TM): Transition man-
agement researchers use conceptions such a technological and market niches and
how they enable shifts in socio-technical regimes (Kemp et al. 1998; Rip and Kemp
1998; Rotmans et al. 2001). The notion socio-technical regime has been developed
in reference to the Nelson and Winter’s (1982) technological regime notion. But it
extends the narrow technological regime concept and includes interacting processes
between heterogeneous institutions, a network that “creates the structural patterns
that shape innovation and creates trajectories of social development” (Smith
et al. 2010: 440).

The transition management approach particularly emphasizes strategic
envisioning that supports goal-oriented modulation. The research focuses on
steering from within, which refers to niche-internal processes that include network-
ing, learning, and visioning. It can be applied as an analyses framework to describe
how local (P&D) projects and global rule-sets guide actors’ behavior. Transitions
are described in terms of forces, interactions between niche internal and external
processes (Schot and Geels 2008). The SNM literature also provides practical
guidelines and tools for implementing such a governance approach (Kemp
et al. 2007).

The TM approach offers a dynamic framework that enhances the understanding
of system behavioral characteristics by classifying different phases of transitions
(i.e., predevelopment, takeoff, breakthrough, and stabilization). Rotmans
et al. (2001: 19) point out that “a transition is the result of long-term developments
in stocks and short-term developments in flows.” This understanding, together with
the focus on structural processes, may provide a first step toward the formulation of
a process theory that links structural aspects to system behavioral characteristics.

Multi-level perspective (MLP): Gradually, research on transition management
resulted in the multi-level perspective (Rotmans et al. 2001; Geels 2002, 2005,
2010). It focuses on changes in institutional structures and actor networks over
time. This approach distinguishes three analytical levels: niches, regimes, and
landscape. The notion socio-technical regime refers to stable actor networks with
well-aligned rules within and between different regimes, e.g., technological, scien-
tific, industrial, market, governmental, and cultural regimes (see also Box 2.2). It
describes the dominant modus operandi for realizing a societal function, such as
housing or transportation. The dominant regime structures explain incremental
change and path dependence within the socio-technical system, including also
material artifacts and production resources.

Niches are protected spaces with flexible actor groups and rules. This setting
explains how radical innovation can emerge and how variety is created. The
landscape concept describes the external environment, which cannot be directly
influenced by niche or regime actors (e.g., macro-political developments, cultural
trends, and macro-economics), but may create pressure for change on the socio-
technological regime. The main argument of the MLP approach is that alignment
processes between and within the three levels account for both a transition from one
system to another and stable trajectories. However, distinguishing context
dimensions that differentiate successful transition from delayed/hindered are not
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yet consistently elaborated. Complementary frameworks provide further descrip-
tive power that focuses on distinct characteristics of niches and regimes (Smith and
Raven 2012).

A specific aspect of the MLP framework needs to be highlighted. It explicitly
refers to the concept of reflexive agency and structure, which points to the relevance
of actor-rule system dynamics for transitions (Giddens 1984; Burns and Flam
1987). The general characteristic of this conception is a feedback process that
defines structures of actor networks and rule systems as both the medium and
product of action. Based on this rationale, Geels (2004) suggests differentiating
between the socio-technical system (i.e., material artifact, knowledge, capital,
labor, and cultural meaning) and the actors and institutions (i.e., rules). The rules
and activities of actors control how these resources are deployed. A drawback of the
encompassing narrative of socio-technical transition is the lack of a theoretical
micro-foundation for actor behavior; i.e., driving forces of eco-innovations within
firms are not explicated.

In summary, we see that, up to date, a variety of conceptual frameworks are
available to support the analysis of socio-technical transitions. This poses a chal-
lenge for the application selection of a theoretical perspective for a specific real
world problem situation and the accumulation of a consistent knowledge stock. In a
systematic literature review, Coenen and Diaz Lopez (2010) have identified sub-
stantial conceptual differences between sectoral innovation systems, technological
innovation systems and the MLP approach on socio-technical systems. Their
systematic comparison reveals conceptual differences regarding the delineation of
system boundary, and the conceptualization of actors, networks, institutions, and
knowledge. Also, they point out tradeoffs between static perspectives and dynamic
perspectives concerning the focus on system structure and system behavior. They
conclude that these differences hinder knowledge integration for the investigation
of drivers and barriers of sustainability transitions and improved competitiveness in
socio-technical systems.

Box 2.2: Definition of Socio-Technical Regime

Definition of socio-technical regime: Kemp et al. (1998) have explicated
their first definition of a technological regime as: ... the whole complex of
scientific knowledge, engineering practices, production process technologies,
product characteristics, skills and procedures, and institutions and
infrastructures that make up the totality of technology.” They explain that
they refer to rules and beliefs, which “... guide (but do not fix) the kind of
research activities that companies are likely to undertake, the solutions that
will be chosen and the strategies of actors (suppliers, government and user).”
Those are “...embedded in engineering practices and search heuristics with
the rules of the selection environment” (182). Later, this understanding has
been applied to describe socio-technical regimes.
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2.4.3 Governance of Technology Change and Sustainability
Transitions

Corresponding with theorizing on technology change and sustainability transitions,
theorizing on rationales of policy interventions in support of desired development
trajectories has been advanced.

Market failures rationales: The rational for policy intervention in support of
(eco-) innovations and environmental protection are traditionally based on the
economic arguments of externalities or market failures. These are private costs of
actors or public benefits that are not compensated by price mechanisms and are
called market failures.

R&D and innovation policies are based on the existence of positive externalities
of knowledge creation, or knowledge spillovers. Knowledge can easily be copied
without compensating the inventor or innovators for the costs of creation. There-
fore, there emerge asymmetries between private and social returns of innovation.
The incentives to private firms to invest in innovations remain suboptimal for the
economy (Arrow 1962).

Environmental policies are based on both the existence of negative externalities
in respect of uncompensated harmful impact on the environment (Pigou 1932) and
positive externalities (e.g., clean air and noise reduction).

These neo-classical economic rationales of policy interventions are
complemented by rationales of “increasing returns” that create path-dependent or
lock-in externalities (Arthur 1989; Arthur 1994; Arrow 2000; Unruh 2000; Unruh
2002; Unruh and Carrillo-Hermosilla 2006). They emphasize that those policies are
more efficient, which influences the natural development of economic structures
than those which enforces a static outcome (Arthur 1999). Jaffe et al. (2005) differ-
entiate three different kinds of increasing returns that are relevant for the adoption
and diffusion of green technologies: (1) learning-by-using in the demand side refers
to information feedback processes between adopters and potential adopters about the
“utility” of the new eco-technology; (2) learning-by-doing in the supply side refers
to decreasing cost with increased experience; and (3) network-externalities arise if
the utility of a product increases with increasing adoption of complementary
products or infrastructures.

In addition to failures of product markets, capital markets for funding technol-
ogy development are also characterized by failures. These are related to uncertainty
about the returns on investment and information asymmetries about the potential of
a technology.

These different kinds of policy rationales and reinforcing interactions of market
failures imply the need of a concerted policy-portfolio that aims to stimulate
technology development and diffusion as well as the internalization of environmen-
tal impacts (Jaffe et al. 2005; Foxon and Pearson 2008).

However, policies that are directed toward the development and diffusion of
specific technologies are controversially discussed. It is questioned that
governments should pick technology, because more efficient/effective selection
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institutions may exist (e.g., public-private partnerships), which also help to mini-
mize the danger of generating a suboptimal path dependency. In the literature, it is
also acknowledged that the evaluation of policy success and efficiency of dynamic
policy programs in support of sustainable transitions remains an important chal-
lenge (Jaffe et al. 2005).

The failure trichotomy in knowledge exploration and exploitation: A sys-
tematic view on different causal mechanisms of innovation failures suggest to
differentiate between market failures and failures that create system inertia, as
well as those that inhibit emergence (Gustafsson and Autio 2011). System inertia
arises due to institutional inertia or structural deficiencies in organizations
influencing incumbents’ activities. Emergence is inhibited due to socially and
institutionally constrained sense making. It refers to the (self-)perceived roles of
actors in innovation processes: “Inhibited emergence arises from cultural-cognitive
frames of institutions that guide actors’ assumptions concerning their own and
others’ roles in innovation processes and from actors’ inability to bridge activities
and negotiate new roles and relations” (828).

This framework helps to understand challenges of path dependence (system
inertia) and path creation (inhibited emergence). It includes the insight from
theorizing on technology change and sustainability transition from both the disci-
plinary and systemic perspectives. TM or the TIS approaches are seen as important
frameworks for designing effective policies, which foster the development and
diffusion of eco-technologies and help to overcome “inhibition” failures. The
MLP may provide guidance on the sequential choice of long-term policy programs
in support of sustainability transitions (Geels 2006). However, further research may
clarify how the tension of stability in regimes (inertia) and flexibility in niches
(emergence) is resolved in real-world transition contexts. In the literature, it is
suggested that incrementally implemented mixes of policy instruments, institutions,
networks, and organizations become promising governance solutions. This implies
the need for a transition from government to governance with constantly redefined
and reinvented steering mechanisms that co-evolve with a dynamic environment
(Duit et al. 2010). In correspondence to these deliberations, the guiding governance
principles suggested by Foxon and Pearson (2008) should be emphasized:

(i) Developing and applying the concept of ‘systems failures’ as a rationale for public
policy intervention;

(i) Taking advantage of the appearance of ‘techno-economic’ and ‘policy’ windows of
opportunity;

(iii) Promoting a diversity of technology and institutional options to overcome ‘lock-in’ of
unsustainable technologies and supporting institutions. (14).

In summary, theorizing on the steering of socio-technical transition has shifted
to a broader systemic understanding. System failures or system barriers — both
terms are often used as a more encompassing policy rationale, compared to the
market failures approach, and has become the focal point of theorizing. It is
complemented by a transition in the focus from government-based to governance-
based steering. Theorizing on governance of sustainability transition is mainly
based on structural descriptions due to a lack of causal policy frameworks. This is
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problematic because causal beliefs about effective governance structures underly-
ing socio-technical transitions are one important factor to form advocacy
coalitions in support of purposeful interventions (Sabatier 1998). This also limits
the legitimacy and acceptance of specific governance programs and
eco-technologies (Todt 2011).

There exist only a few modeling approaches that postulate and test shifts
between causal steering mechanisms and their impact on system behavior
characteristics. Evolutionary modeling has been suggested as a promising approach
for increasing our understanding on governance structures and system behavior
dynamics (Safarzynska et al. 2012). However, this line of research is quite abstract
and needs to be developed further, as underlined by Faber and Frenken (2009):
“Few evolutionary modeling approaches have been developed so far to describe
interactions and relational structures in a system, in order to study development of a
system’s structure, the evolution of relations and interactions within a system, and
to understand properties of emergence in relating micro-scale activities to system
properties”(467).

To conclude our synopsis, we summarize our main observation with the follow-
ing argument (see Box 2.3):

Box 2.3: Argument About Main Tensions in Theorizing on
Sustainability Transitions

Sustainability transition research increasingly relies on process theorizing. It
stresses the role of feedback mechanisms and systemic barriers as a new
rationale for concerted strategy and policy making. On the other hand, it does
not answer the questions of which and how causal structures influence system
behavior. Therefore, the identification of effective governance structures is
limited. Existing explanation frameworks do not address the following types
of questions: How can emission reduction targets be met in time? How can we
stay competitive during socio-technical transitions?

2.5 Toward a System Dynamics Approach for Theorizing
About Socio-Technical Change

The largest problem is not to choose among the (theoretical) alternatives but to weave them
together in a way that allows each to illuminate the others (March, 1997: 10) cited by
Rudolph et al. (2009: 734).

The brief literature overview gives evidence that system approaches to theory
development on sustainability transitions are attractive for researchers, but also
challenging. Several systemic properties are of interest and different technical
terms are used to specify them. Also, we observe an emphasis on description with
the elaboration of multiple categories, but few approach that focus on theoretical
causation. In theorizing, this descriptive variety can lead to confusions and trigger
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questions like: What kind of theory is suggested? What exactly is the contribution
of the theory? How do the different perspectives and approaches relate to each
other? What specific technical terms indicate one-directional causalities, circular
causalities, or interactions between subsystems or clusters of variables?

2.5.1 A System Dynamics Perspective

In the following, a basic system dynamics framework is presented that helps to
organize the different aspects and terms that should be differentiated for an unam-
biguous explanation of the dynamics of socio-technical systems. This framework is
based on the system dynamics school of thought on complex social systems
(Richardson 1991; Sterman 2000).

Unit of analysis: The level of analysis is a socio-technical system and the units
of analysis are subsystem, elements, and causalities. In the sustainability transition
literature, there is a growing inter-subjective understanding that heterogeneous
actor groups and networks, guiding rules (institutions), technology, resources, and
infrastructures are important elements of a socio-technical system. Those can be
grouped in different subsystems, depending on core activities (production, knowl-
edge generation, use. ..). The grouping should depend on the problem framing or
the focus of theorizing. For the formulation of propositions, the causal interactions
between attributes or specific dimensions of the elements (e.g., level of energy
efficiency of competing technologies) are of interest and not the elements them-
selves. Descriptive theorizing can become useful to identify the relevant attributes
or dimension (e.g., innovativeness of actor groups, sustaining versus disruptive
innovation, etc.).

Systemic properties: Two core systemic properties and two dimensions that are
interrelated should be differentiated. The core systemic properties of interest are the
structure of a socio-technical system and its behavior over time, as illustrated in
Fig. 2.2. Both the system structure and the behavior may be either stable or change
over time. The system structure refers to causalities between element- or
subsystem-specific attributes. For example, high resources of incumbent actor
networks lead to more activities than low resources of new actor networks. There
may emerge qualitative change in the structure if new institutions or new actor
networks are established. Circular causalities within a system are important process
structures that influence system behavior over time. They help to link system
structure to behavioral characteristics. Behavioral characteristics of a socio-
technical system can be described by different system indicators. Their properties
can be measured with time series that become the reference variable of the system
behavior of interest. The work by Griibler et al. (1999a, b, 2002) is an research
exemplar that provides most useful data on system behavior characteristics. Stable
technology diffusion paths point to incremental innovation trajectories and stability
in the evolution of the system. Contrarily, qualitative changes in the reference
variables indicate radical innovations and shifts in the guiding rules.
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Technical terms: In our reference literature, we have observed a plethora of
technical terms that have been used to describe, analyze, and explain socio-
technical transitions. We refer to terms like drivers, motors, endogenous and
exogenous forces, pressure, incentives, functions, causal mechanisms, reinforcing
feedback, structures, processes, alignment, and transition from one system to
another. We understand that the variety in the terms can be explained by the
different reference disciplines, modes of theorizing, or levels of abstraction.

We suggest developing a more standardized terminology to increase the inter-
subjective clarity of their meaning. For analytical precision, we suggest
distinguishing between terms that refer to the elements of a system, such as factors
or variables. Variables are often used in operational models and can be specified as
the dependent or independent variable in unidirectional causal relationships.

More complex relationships between factors, which are often indicated by
unspecific terms such as drivers, forces, processes, and motors, should be specified
concerning their causality. More precise terms are causal mechanisms or circular
causalities that can be mapped as feedback loops.

Further, in order to clarify the meaning of alignment and pressure, it is necessary
to specify the dimension and goal-gap constellation that are aligned or induce
pressure in a system.

2.5.2 Tools for Describing Socio-Technical Governance
Structures

The sustainability transition literature refers to multiple factors and processes that
steer system evolution. But the question arises: How can they be explicated for a
concrete action context? We illustrate that the mapping tools developed in the field
of system dynamics are helpful for consistently explicating and communicating the
important causal mechanism of a socio-technical system.
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For illustrative reasons, we present a causal loop diagram that has been devel-
oped in a case study about transitions to energy-efficient housing (ee housing) in
Switzerland (see also Chap. 6). We don’t aim to comprehensively describe the
developed causal loop diagram, but to illustrate how the mapping tools can be
applied to visualize the relevant feedback loops.

Mapping tools: A feedback loop consists of fast-changing variables and slow-
changing state variables; the latter are indicated by a box. State variables are critical
to explain behavioral dynamics. They create nonlinearities, inertia, and provide
systems with a memory. The circular causality hypothesis between variables is
indicated by the interlinked arrows that form a loop. The loops have polarities,
which means that they can be either reinforcing (positive) or balancing (negative).
The loop polarity refers to the behavioral impact of a loop, producing either
exponential change or goal-seeking behavior. If all relationships are rectified,
then a loop is reinforcing. If there are an uneven number of converse relationships
in a loop, it is balancing. For a more comprehensive description of the mapping
tools, we need to refer to Sterman (2000) or Richardson (1995).

Process theorizing: In order to explicate the causal mechanism in a real-world
decision context, these mapping tools can be applied for process theorizing.

In the diagram presented in Fig. 2.3, key factors and processes that have been
steering the transition to ee housing in Switzerland are explicated. They postulate
the dynamic hypothesis about the relevant governance structure. We see that the
variables do not refer directly to the elements of a system, but to the interlinked
dimensions of actors, behavioral rules, technology, designs, and resources. The
diagram highlights four reinforcing and two balancing feedback loops:
(R1) learning by doing by suppliers, (R2) acceptance dynamics by users,
(R3) market pull by suppliers, (R4) economies of scale in the market;
(B1) technology push by innovators, and (B2) limits to reduction by authorities.

The dynamical pressure for the evolution of the ee-trajectory in the housing
system has been created by the gap between the average annual energy demand per
housing unit and a political desired annual energy demand target. The latter has
been updated over time. This sliding goal established a dynamic incentive to
enhance technology development (B1). Technology improvements have created
an innovative standard with lower energy demand per housing unit. This innovative
standard has created competition dynamics that are indicated by the four
reinforcing loops. Over time, they induced a decrease in the energy demand of
the official building code. This adjustment process has been balanced by the
willingness of the standard setting authority. Exogenous factors, such as marginal
benefits calculations and the pressure from energy supply and climate change, have
influenced their willingness.

From a system dynamics perspective on sustainability transitions, balancing and
self-reinforcing mechanisms are important governance structures that explain tem-
poral processes of societal steering. With this focus, we try to elaborate a causal
understanding of alignment processes in the concrete socio-technical transition
context. It is important to emphasize that the main contribution of such an analysis
is not the identification of new factors or causal mechanisms. Important for useful
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Fig. 2.3 Basic factors and processes that have played a role in the diffusion of energy-efficient
housing designs in Switzerland (Adapted from Groesser and Ulli-Beer 2008)

theorizing is to identify the decisive factors and circular causalities in the concrete
decision-making context, and to understand how their interactions “govern” the
failure or success of transition to increased energy efficiency. However, further
modeling and simulation is necessary to test the behavioral implication of the
postulated governance structure, as explicated in Chap. 3.

2.6 Conclusions: Opportunities for Explanatory Models
for Resolving Tensions in Sustainability Transition
Studies

The aim of this chapter is to enhance the clarity of the real-world context and
tensions between theoretical approaches of energy technology change and
sustainability transitions. Theoretical reflection about the real-world challenge is
important to develop useful decision support tools for policy and strategy making.
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Understanding the real-world context is decisive to select adequate analytical
perspectives.
We have started our endeavor with the assumption that tension between different
theorizing approaches may exist and hamper theory integration and application.
We have elaborate answers to the three guiding research questions:

* How should distinct theorizing be understood in the context of related
theorizing? The synopsis on technology change theorizing and sustainability
transitions shows that extant theorizing of structural conditions and behavioral
impacts of innovation on industries, economies, and the environment has only
modestly inspired sustainability transition studies. Technology change research
has evolved from descriptive to causality theorizing. In this, distinct conditions
have been identified that explain different behavioral outcomes. Contrarily,
sustainability transition studies mainly engage in the elaboration of categoriza-
tion schemes and descriptive theorizing. Competitiveness deliberations are not
explicitly integrated. We have also emphasized the argument that a lack of
causal transition frameworks may hinder the formation of advocacy coalitions
and, subsequently, acceptance of reflexive governance approaches.

* What are the sources of tensions and confusions between related theorizing? We
have found evidence that the mode of theorizing, as well as the variety and
application of imprecise technical terms to describe the dynamical complexity of
socio-technical systems and transitions, create additional challenges of theory
selection and application and enhancement. This is a specific challenge for
novice innovation systems researchers, and for deducing concrete implications
for strategy and policy development in concrete real-world transition contexts.
We have proposed a concluding thesis about the observed tensions in theorizing
on sustainability transition, highlighted in Box 2.3. It emphasizes the need for a
stronger focus on causal mechanism and structure-behavior links in theorizing.
This is a necessary condition to answer questions like: How can emission
reduction targets be met in time? How can we stay competitive during socio-
technical transitions? Therefore, we believe that there exist research
opportunities for the elaboration of explanatory models, and for resolving
tensions in sustainability transition studies.

¢ How can the tensions and ambiguities be resolved? We have suggested that a
system dynamics approach for theorizing about socio-technical change helps
resolve some tension in theorizing. It differentiates between two core systemic
properties (system structure and behavior), that both may be stable or changing.
It offers an unambiguous term frame and mapping tools for specifying multiple
circular causalities of socio-technical systems that explain path dependence,
lock-in, or path creation. Mapping concepts, such as feedback loop polarities,
and causal loops diagrams, provide the basis for developing endogenous
explanations of socio-technical transitions. These mapping tools help to weave
together process theorizing from distinct perspectives for concerned decision
makers in a useful way. These concepts are also a key to link system structure to
behavior explanations. However, it is only by advanced simulation-based theory
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building that this promise can be scientifically delivered. Only then can windows
of opportunity, such as tipping points and sensitive leverage points, be identified
to support socio-technical transition and the fulfillment of long-term policy
objectives. How such an endeavor should be designed is addressed in Chap. 3.
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