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Abstract

Classic accounts of transitions research have dominantly built on reconstructions of historical
transition processes and in-depth case studies to identify and conceptualize socio-technical
change. While such approaches have substantively improved our understanding of transitions,
they often suffer from a methodological nationalism and lack of generalizability of the
insights gained. To address this gap, we propose a novel methodology — socio-technical
network analysis (STNA) — to map and measure socio-technical alignment processes across
time and space. STNA provides a relational and dynamic perspective on how social and
technical elements get reconfigured and aligned into “configurations that work”, allowing for
the identification of differentiated transition trajectories at and across spatial context. The
method’s performance is illustrated by the empirical case of ongoing transition processes in
the global water sector. Building on this illustration, we outline potential future avenues of
research, sketching the contours of what we believe could become a very generative

conceptual perspective and methodological approach for transitions research in the future.

Keywords: Socio-technical network analysis, Geography of transitions, Socio-technical

alignments, Transition trajectories, Discourse, Modular water technologies

Highlights:

e Socio-technical network analysis (STNA) allows for a novel way to map and measure
the (de)-alignment of socio-technical configurations across time and space

e Adding to the literature on discursive approaches to understanding transitions

e More open conceptualization of regimes as the highly institutionalized core of
organizational fields

e The global water sector regime reveals varying degrees of institutionalization allowing
for different transition trajectories at and across different spatial scales

e Droughts as phases of disruption reveal major re-configurations of dominant regime

structure in the water sector



1. Introduction

Understanding fundamental sector transformation has become a major field of research in
innovation studies and related social science disciplines (Smith et al., 2010). In particular,
sustainability transition studies have coined key conceptual and analytical frameworks and
reconstructed transformation processes in a broad variety of sectors such as energy, water, food,
transport or public health (Markard et al., 2012). One of the core tenets of this literature is that
sectoral transformations have to be understood as reconfigurations of sociotechnical systems
(Geels, 2002). At the core of theorizing lies the alignment of actors, technologies and
institutions into socio-technical “configurations that work™ (Rip and Kemp, 1998). The
configurational characteristics imply that if a certain set of actors, institutions and technologies
is well-aligned and deeply institutionalized (or taken for granted), a sector will evolve along
rather narrow trajectories for several decades before a next deep reconfiguration will take shape
accommodating for major technical or societal discontinuities, a pattern termed as successions
of “punctuated equilibria” (Markard et al., 2012, Geels, 2004, Markard and Truffer, 2008,
Levinthal, 1998).

Due to the highly complex and systemic nature of socio-technical transformation processes, the
vast majority of transition studies draw on historical or qualitative case studies, which allow for
a detailed reconstruction of the dynamic processes that lead to the (dis-)alignment of
technological and institutional elements, of struggles between proponents of alternative
trajectories, as well as of the newly emerging (and ideally more sustainable) socio-technical
configurations (e.g. see the famous case of the transition from sailing to steam ships by Geels,
2002). Even though transition studies have by now moved beyond historical reconstructions of
technology substitution processes and adopted a wide variety of methodological approaches,
most studies still remain restricted to in-depth reconstructions of transition processes in specific
urban, regional or national contexts. As a result of this implicit methodological nationalism
(Coenen et al., 2012, Hansen and Coenen, 2015), transition research tends to emphasize
context-sensitivity, while blurring the fact that many of the relevant alignment and change
processes are driven by forces operating at international/transnational levels and in between
several places at once (Bauer and Fuenfschilling, 2019, Fuenfschilling and Binz, 2018, Sengers

and Raven, 2015).



More substantively, over-relying on a case study approach implies that cross-comparisons and
generalizations between transition trajectories in different spatial or sectorial contexts remains
a challenge, which is likely to hamper progress in the future theoretical development of the field
(Alkemade, 2019). One of the methodological challenges when aiming to move towards more
quantitative assessments of socio-technical dynamics is that evolving configurations (i.e.
dynamic relationships between different factors) have to be measured and assessed rather than
specific values of independent factors, which is the core of conventional quantitative methods
(Weber and Truffer, 2017). In the present paper, we therefore propose a semi-quantitative
relational methodology for mapping shifts of socio-technical alignments over space and time,
which we call socio-technical network analysis (STNA). The STNA method builds on (and
substantially extends) a recently established method from political sciences known as Discourse
Network Analysis (DNA) (Leifeld, 2017). We adapt this method in a way that allows to assess
(dis-)alignments among actors, institutions and technologies in socio-technical transition

processes.

The method builds on the coding of actor statements, which are recorded in publicly available
document repositories, like newspaper databases, policy archives or user fora on social media
sites. Depending on the temporal and spatial resolution of these databases, our approach enables
a semi-quantitative reconstruction of the temporal and spatial (dis-) alignments of socio-
technical configurations. We claim that by mapping statements by various actors referring to
institutional and technological elements as relational structures (networks), we are able to depict
the emergence of new as well as shifts in the dominance of existing socio-technical
configurations. The qualitative basis of the data in turn enables to identify key mechanisms and
actors that drive these processes. When analysed across different types of documents (daily
newspaper, professional magazines, policy protocols, etc.), the method furthermore enables the
combination of complementary actor perspectives on historical and ongoing transition

trajectories.

We apply the STNA method to public discourses in national newspapers and global industry
magazines. We follow Fiinfschilling and Truffer (2014) in conceptualizing socio-technical
transitions as shifts in the highly institutionalized core of an organizational field (DiMaggio and
Powell, 1983, Scott, 1991). Actor statements are interpreted as exemplary voices on how to best
solve key challenges in an organizational field. Coherent combinations of such statements can
be interpreted as proxy measures for the internal alignment of pre-existing or emerging socio-
technical configurations. We expect that, in debates about future pathways, the configurations

that are compatible with a prevailing regime will be more coherent and voiced by more
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numerous and more powerful actors than newly emerging and potentially regime-challenging
configurations. A socio-technical transition will therefore be mirrored by a shift in the kinds of
storylines that actors will mobilize in a field’s public discourses. Over time, we would expect
to see a shift from one (or several) well-aligned configurations/storylines to new one(s),

mirroring the de- and re-institutionalization of regime structures.

We thus follow other transition scholars in applying a discursive lens for understanding the (de-
) institutionalization of socio-technical configurations, as well as strategies of actors pushing
for certain technological or institutional trajectories rather than others (Raven et al., 2015, Geels
and Verhees, 2011, Rip and Talma, 1998). Smith and Raven (2012), for instance, argued that
transition proponents may either adopt a fit-and-conform or a stretch-and-transform strategy to
strengthen alternative socio-technical configurations, which lead to more or less radical
transformative pressures on the prevailing regime configurations. Discourses thus reflect not
only how technological and institutional elements get gradually (dis-)aligned in a transition
process, but also how the advocates of different socio-technical configurations attempt to
influence audiences across space and scales (Smith et al., 2014, Murphy, 2015). This opens
various highly promising inroads for spatially more open and cross-comparative research

designs.

While the STNA method can be applied to a broad set of transition dynamics, we will illustrate
its analytical power by retracing the spatial and scalar variation in an imminent transition in the
global urban water management (UWM) sector. This sector has historically developed along a
highly institutionalized socio-technical regime of centralized treatment and bulk transports of
water through sewers and water pipes (Fuenfschilling and Binz, 2018, Larsen et al., 2016). Over
the past decade, decentralized, modular solutions have been increasingly promoted as a
potentially more sustainable alternative (Hoffmann et al., 2020, Larsen et al., 2016). Yet, the
uptake of these new socio-technical configurations is still limited in most places and has shown
great spatial variation. We will trace this variation by applying STNA to a selection of 576
articles drawn from 180 national and international newspapers during an eight year period from
2011-2018. This enables the mapping of ongoing (dis-)alignment processes around centralized
and modular water technologies. From this we can identify transition potentials for different
countries, derive spatially differentiated development pathways and draw implications on the

potentially most effective policy and industry strategies.

The paper is organized as follows. Section 2 outlines the conceptualization of transitions as

spatially and temporally differentiated (dis-)alignments of alternative socio-technical



configurations, and elaborates how discourses can be used for retracing the corresponding
dynamics in alignments. Section 3 introduces the STNA method and illustrates how it can be
used for retracing socio-technical configurations over time and space. Section 4 illustrates the
application of STNA to our empirical case in the global water sector. Section 5 discusses the
implications of our findings and outlines the contours of a broader research agenda leveraging

the full potential of the STNA method.

2. Mapping and measuring the (dis-)alignment of socio-

technical configurations through discourses

In transition studies, the structural transformation of sectors is essentially conceptualized as the
“destabilization or de-institutionalization of existing socio-technical configurations and the
creation and diffusion, hence institutionalization, of new ones” (Fuenfschilling, 2019: 2).
Transitions occur when well-aligned and stable socio-technical configurations (the combination
of technologies, actor networks, and institutions that have co-evolved and stabilized over long
periods of time — e.g. in the fossil fuel industry) start to shift or get supplanted by one or several
alternative configuration(s) that revolve around different core values and technologies (e.g.
emergent renewable energy technologies). Typically these transformations are accompanied by
major shifts in the underlying ‘grammar’ or ‘deep structure’, which guide the practices of actors
in a field, i.e. the “socio-technical regime” (Geels, 2002). To understand a transition, one has
to understand how regime shifts come about, i.e. how certain deeply institutionalized
alignments of institutional, technical and material elements get supplanted with new ones or
reconfigured to a radically different socio-technical configuration. Mapping and measuring
these (dis-)alignments stands at the core of our intended contribution. Yet, before introducing

this method, we have to elaborate on how to conceptualize the relevant dynamics.
2.1 Socio-technical configurations as alignments of field elements

As a conceptual starting point, we propose to depart from an institutional perspective on socio-
technical transitions, which places the transformation of socio-technical systems at the level of
organizational fields (Fuenfschilling, 2019). Fuenfschilling and Truffer (2014) (building on
Thornton and Ocasio, 1999, DiMaggio and Powell, 1983) argued that an organizational field
perspective helps framing socio-technical change processes in a more open way than other

transitions frameworks, which depend on more dichotomous distinctions between regime, niche
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and landscape structures (Hoogma et al., 2002, Geels, 2002, Rip and Kemp, 1998).
Organizational fields have been initially defined as the aggregate of organizations that define
“a recognized area of institutional life”, as for example an economic sector with competing
companies, users, consumers and regulators (DiMaggio and Powell, 1983, p.148). More
recently, this definition has been extended to an understanding of fields as relational spaces in
which various organizations may get involved and interact in collective sense making processes
around organizational and field level processes (Wooten and Hoffman, 2016). In this context,
socio-technical regimes can be understood as the most highly structured core of an
organizational field (Fuenfschilling and Truffer, 2014). Transitions are provoked by emerging
socio-technical configurations, which mature, get more and more aligned and institutionalized
and start to reshape broader rules and alignments in the organizational field. The different
elements of the new configurations may be more or less strongly aligned, challenging the
predominant regime structures to a lesser or higher degree. This view opens up for capturing a
wide variety of transformation processes and more differentiated transition trajectories that go
beyond the conventional linear niche-regime substitution epitomized in earlier versions of the
multi-level perspective (MLP) (as proposed by Geels and Schot, 2007). Our work here can,
therefore, be seen in line with recent work on more multi-dimensional and differentiated
conceptualizations of regimes or transitions trajectories (such as Geels et al., 2016, van Welie

etal., 2018).

The institutional view on transitions furthermore enables the qualification of regime structures
as more or less strongly institutionalized socio-technical alignments at any moment in time
(Fuenfschilling and Truffer, 2014, van Welie et al., 2018). Fiinfschilling and Truffer (2014)
argued that the strength of a regime in guiding actor strategies is, among other things, dependent
on the number of competing field logics present in an organizational field (Thornton and
Ocasio, 1999, Thornton and Ocasio, 2008). A strong regime, in this view is characterized by a
strongly aligned and deeply institutionalized socio-technical configuration, which responds to
a single and largely uncontested prevailing field logic. A weak regime, instead, would be
characterized by (several) poorly aligned socio-technical configurations, which have to
accommodate several competing field logics (Fuenfschilling and Truffer, 2014). The
organizational field as a whole will in general hold a variety of more or less strongly aligned
and institutionalized socio-technical configurations that get promoted by diverse actor
coalitions. The conventional view of a transition playing out between a single dominant regime,

getting challenged and ultimately overthrown by a single niche, therefore, represents only one
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(and arguably a quite simple) among many potentially relevant transition trajectories (van Welie

etal., 2018, Geels et al., 2016).

As a first intuitive depiction of how to conceptualize transitions in this framework, fig. 1 depicts
three ideal-type constellations of socio-technical configurations in an organizational field.
Building on the representation proposed by Fiinfschilling and Truffer (2014), competing socio-
technical configurations can be depicted as networked elements in a ‘radar plot’. The centrality
of social and technical elements in the radar plots represent their degree of institutionalization,
whereas the presence and width of the links between them reflect the strength of their
alignments. Radar plot I depicts a core-configuration with strongly aligned and institutionalized
elements (solid filled nodes), which can be interpreted as the regime core. The pattern-filled,
more emergent cluster of nodes represents a competing socio-technical configuration that is
less aligned and supported by more peripheral actors. In plot II, the marginal configuration is
getting partly integrated into the regime structure. Plot III, instead, shows a newly reconfigured
regime constellation, which resulted from a strong merger of the formerly distinct

configurations.

This configurational representation enables a new inroad into analysing transitions and a more
systematic comparison between different transition trajectories, such as those happening in
different places and at different spatial scales (Coenen, 2012, Truffer et al., 2015). Transition
dynamics may play out very differently within different countries, regions or cities, due to
different degrees of institutionalization of competing socio-technical configurations in different
cultural and socio-economic settings. At the same time, alignment processes may extend well

beyond national boundaries and thus strongly shape potential transition dynamics in various

n 1T
Fig. 1 Socio-technical configurations as alignments of field elements. Own illustration.

places and at various spatial scales at once (Sengers and Raven, 2015, Binz and Truffer, 2017,
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annonymized, submitted). Fuenfschilling and Binz (2018) argue that multi-scalar
interdependencies may be crucial in explaining how and why certain socio-technical
configurations may represent dominant templates that diffuse to various national contexts by
“global regime” structures. Hence, in our conceptual terminology, the core of an organizational
field may form in different places and at different spatial scales at once. Seeking to map and
measure these spatial and configurational complexities of socio-technical alignment processes,
we will in the following section propose a discursive approach that builds on exiting conceptual

and empirical explorations of discourses in transition studies.

2.2  Mapping and measuring configurational dynamics through

discourses

The empirical assessment of changes in socio-technical configurations requires a detailed
capturing of the dynamics that lead to the (dis-)alignment of actors, institutions and
technologies. In most transition studies so far, socio-technical alignments were identified
through process tracing by means of in-depth historical and qualitative case studies. This
approach provided deep insight into core mechanisms that drive specific transition processes,
but made it rather difficult to generalize mechanisms that operate across different technologies,
time periods or spatial units (Svensson and Nikoleris, 2018, Sorrell, 2018). One of the reasons
for the prevalence of this methodological approach, is that compared to other realms of
innovation studies, -- e.g. those focusing on conditions for new knowledge generation, which
can rely on global patent and publication databases -- there are no comparable systematic and
extensive stocks of data that would enable to map socio-technical (dis-)alignment dynamics

with quantitative methods.

In order to overcome these limitations, we propose a methodological approach, which builds
on textual recordings of discourses. Discourses have been defined as “ensemble[s] of ideas,
concepts and categories through which meaning is given to social and physical phenomena,
and which is produced and reproduced through an identifiable set of practices ’(Hajer and
Versteeg, 2005, p. 175). Discourses may serve as a suitable lens to reconstruct transition
processes because they will reflect different actors’ arguments for or against the need for change
in a given field. Especially under conditions of looming change or crisis, actors will be
compelled to publicly voice their opinions in order to control for problem definitions, the
assumed nature of future challenges, or influence how contradicting values will be considered

in future development pathways (Seo and Creed, 2002, Wooten and Hoffman, 2016).



Discursive approaches have already been applied to various problems in socio-technical
transition studies. They have been used to analyse strategies of transition proponents (Raven et
al., 2015, Smith et al., 2014, Smith and Raven, 2012), the building and maintenance of
legitimacy for specific technologies (Geels and Verhees, 2011), the semi-coherence of socio-
technical regimes (Fuenfschilling and Truffer, 2014), and the formation of socio-technical
storylines, e.g. through the translation of landscape pressures in proponents’ and opponents’

framing activities (Rosenbloom et al., 2016).

Framing, in this context, can be defined as an act of sense making that renders events or objects
meaningful and guides collective action (Benford and Snow, 2000). In some cases, the framing
of technological and/or institutional field elements may evolve around antagonistic pro- and
con- patterns (Rip and Talma, 1998), but in most cases it will follow more nuanced strategies
of empowerment and obstruction (Raven et al., 2015). While, for example in discourses around
policy issues, the relevant framings often split into antagonistic and partisan camps, experts
voicing opinions about the most desirable future infrastructure system (as e.g. in the energy
transition) will likely rather try to highlight a certain socio-technical configuration’s benefits to
a given audience. Framing in this sense, becomes a subtle, yet powerful type of embedded
agency through which actors attempt to influence and make sense of wider institutional and

material contexts (Battilana et al., 2009).

Discourses and framing thus provide useful proxy measures for identifying patterns, dynamics
and strategies through which socio-technical configurations may develop, align, stabilize or get
challenged. We interpret alignments in these configurations as follows: If in a period of crisis
or contestation, specific field elements, say a technology and a piece of regulation, are
repeatedly co-mentioned by certain organizations, we would expect that they are closely
aligned. A cluster of such closely aligned field elements, may in turn be interpreted as a (socio-
technical) “configuration that works” (Rip and Kemp, 1998). The more often a certain
constellation of elements is mobilized in a discourse and the more actors endorse it, i.e.
positively evaluate it, the more institutionalized this alignment will be. Hence, we expect that
the number of statements in which certain elements are co-mentioned provides a proxy measure

for the degree of institutionalization of a corresponding socio-technical configuration.

One key advantage of this conceptual lens is that extensive textual databases exist, through
which discourses can be empirically reconstructed. Potential databases comprise a wide array
of textual media, such as newspapers, conference proceedings, government protocols, online

blogs or industry magazines. The availability of document stocks over long time spans and



across a wide variety of spatial ranges enables the reconstruction of longer term developments
and the comparison between geographical units in a systematic way. The discursive lens, thus,
also improves our ability to retrace the geography of socio-technical transition processes, since
it allows to empirically assess the places and scales at which both transition proponents and
opponents, as well as their audiences are voicing their opinions (Smith et al., 2014). As an
example, we can distinguish conceptually between expert discourses that are forming in the
professional circles of a (global) sector, and policy discourses that are carried out in specific
national/regional/urban spatial subsystems. In the former case, key actors will be internationally
operating companies, NGOS, consultants or investors that will frame certain technical
approaches as superior solutions at international conferences, trade fairs, as well as in
professional industry magazines, blogs, etc. In the latter case, fierce power/framing battles will
be fought by the proponents and opponents of certain technological solutions in the context of
national / regional or even urban policy arenas. The relevant framing activities will be staged
in local/regional/national newspapers as well as in parliamentary debates, roundtables, policy

fora, and the like.

3. Method

Based on the above conceptual basis, we will now further specify our semi-quantitative
relational approach for reconstructing the (dis-)alignment of socio-technical configurations
across time and space. To this end, we depart from an established method in political sciences,
Discourse Network Analysis (Leifeld, 2009, Leifeld and Haunss, 2012, Leifeld, 2017), which
allows the mapping of salient framing constellations by various actors, which may help

specifying the dynamic and semi-coherent fabric of socio-technical change.

3.1 Discourse network analysis (DNA)

The core idea of DNA rests on the relational characteristics that scholars have attributed to
policy debates, arguing that coalitions between actors may emerge from discourses as a
consequence of similar beliefs, arguments or policy stances, which once established, usually
remain stable over many years (Leifeld, 2009, Leifeld, 2017). The method then builds upon two
conceptual ideas that are crucial to define their object of interest, “advocacy coalitions”
(Sabatier, 1988) and “discourse coalitions” (Hajer, 1995). The core difference between the two

can be found in the analytical level at which they conceptualize a debate or discourse. While



advocacy coalitions may form in broader, problem oriented policy debates around multiple
issues with actors discussing multiple policy proposals, discourse coalitions rather concern the
debate around the pros and cons of one specific policy issue, for which multiple justifications
may be used (Leifeld, 2017). DNA builds on these ideas by maintaining that analyzing
advocacy or discourse coalitions allows for a quantitative mapping of the level of cooperation
and conflict among actors in a systemic context.

Complementary to advocacy and discourse coalitions, also concepts can be linked to each other.
The common uttering of two concepts by the same actor(s) implicates some degree of
ideological and intrinsic compatibility between the concepts, and hence their mutual
congruence. While the individual agreement or disagreement of a concept can be understood as
an evaluation process, the congruent evaluation of several concepts, may be operationalized as
the integration of evaluations into a coherent storyline (for such an operationalization see also

Leifeld and Haunss, 2012). Fig. 2 illustrates the network intuition behind DNA and links it to

actors concepts

framing process

storyline

/!
advocacy coalition [
I

actor network concept network

affiliation network

Fig. 2 DNA network intuition. Adapted from Leifeld, 2017

the conceptually defined terminologies.
Following this intuition, actors can be associated with concepts, in a so-called affiliation
network. An actor who is linked to a concept indicates that the actor has in some way framed
the concept, e.g. made a statement regarding a specific policy proposal. On one hand, actors
linked in an actor network are connected to each other because they have referred to the same
concept. The link between concepts in the concept network, on the other hand, can be
reconstructed by references to concepts that are jointly mentioned by the same actors. Further,
references to concepts can be qualified by a binary variable for a positive (e.g. the agreement
10



with a policy proposal) or negative (e.g. disagreement) evaluation. Congruence among concepts
then emerges out of actors’ joint agreement, or joint disagreement regarding a concept, whereas
conflict arises from oppositional evaluations of a concept. The weight of an edge in a
congruence or conflict network can then be interpreted as the strength of the congruence or
conflict between two actors or two concepts. If for example, two actors congruently frame
several concepts in a specific period of analysis, the weight of the edge between them will
reflect the number of concepts they agree on, or (in a weighted network) the number of instances

that they have jointly agreed on concepts.

DNA has been applied to socio-technical transition studies already, however mostly in the form
of analyzing policy debates, especially in work on the politics and power of transitions (Kern,
2011, Markard et al., 2016). For example, Sabatier (1988)’s advocacy coalition framework has
been an important reference for the study of technological innovation systems from the very
beginning (Bergek, 2008), and more recently it has gotten ample attention by transitions
scholars interested in the policy related aspects of transitions (Markard et al., 2016, Kern and
Rogge, 2018, Schmidt et al., 2019). Similarly, Hajer (1995) conceptualization of discourse
coalitions has resonated with scholars interested in discourses related to transitions policies
(Kern, 2011, Rosenbloom et al., 2016). Based on this, the application of DNA within the realm
of transition policy debates seems like a highly promising avenue for future research (see also
Schmidt et al., 2019). However, as we will elaborate, our focus on socio-technical alignment
goes clearly beyond the realm of policy debates. Rather, similar to Geels and Verhees (2011)
and Konrad et al. (2012), the STNA perspective perceives societal, political and professional
discourses as mirror images of aligned socio-technical configurations. Mapping and measuring
socio-technical alignment processes from a network perspective has several deep implications,

which we will elaborate next.

3.2 Socio-technical discourse network analysis (STNA)

As Geels and Verhees (2011) have shown, technology proponents do not only need to
discursively portray their technology itself or its performance as positive, but they also need to
make sense of its implications with regard to broader social, political and economic agendas.
Hence, STNA not only aims at capturing individual organizations’ policy stances but rather
their full portfolio of evaluations related to institutional and technical elements, such as
infrastructure solutions, policies, forms of regulation or sector norms. Analytically, this shifts
the focus away from discourse coalitions around specific policies towards broader and less

coherent advocacy coalitions that assemble around different technologies and institutions and
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logics in an organizational field. This has various implications for what we can expect from the

analysis.

At the actor level, we do not expect the partisan advocacy coalitions that emerge from policy
discourses, but rather a patchwork of alignments that will supposedly be stronger among actor
groups that share common rulesets, beliefs and norms. While this may result in networks that
are less dense and slightly more difficult and fuzzy to interpret at the actor level, it is at the level

of concepts, where we see a major contribution of STNA.

Concept congruence networks allow for a novel, relational assessment of the internal alignment
and degree of institutionalization of different socio-technical configurations. Through concept
congruence networks, STNA is able to map not only the most prevalent social and technological
elements in societal/expert storylines, but also the strength of their internal alignment. To see
how this can be directly operationalized through the computation of a concept congruence
network and centrality measures, let’s have a look at a slightly altered version of our example
Iin Fig.1 (Fig. 3). Note that our representation here does not include actors, since we are looking
at the one-mode transformation of a concept network, that is, a network of the technologies and

institutions that are being co-mentioned by actors.

The degree of alignment between field elements is operationalized visually through a radial
centrality layout. In this network representation, each nodes’ position reflects its “network
centrality score”. In the simplest form, degree centrality measures the number of other concepts
that a concept is linked to. In actor networks, a person with a high degree centrality can be
interpreted as “a major channel of relational information, [...] occupying a central location”
(Wasserman and Faust, 1994, p. 179). In concept congruence networks, a higher degree
centrality reflects the fact that actors have used a concept conjointly with many other concepts.
A central concept then appears as highly compatible with many other concepts with which it
may form coherent storylines, represented by clusters of concepts. Hence, centrality provides a
proxy-indicator for the level of alignment of different field elements. The most strongly aligned
field elements (with the highest degree centrality), may therefore be interpreted as the highly
institutionalized core configuration of an organizational field, i.e. its regime. In contrast, if
certain elements are not well aligned with the core configuration(s), they will co-occur with
fewer, and more diverse concepts in less stable temporal patterns and be more often either
openly challenged or side-lined by the actors supporting a competing socio-technical

configuration.
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For illustrative purposes, we have differentiated between different institutional field elements
in fig. 3 (circled nodes), including different infrastructure or governance design paradigms (e.g.

centralization vs. decentralization of utility services), different types of regulation, and the field

Technologies

Design paradigm

Regulation

- -

Field logic

1O -

Fig. 3 STNA: Concept congruence networks as a measure of socio-technical alignment. Own figure,
numbers on concentric circles indicate centrality score of each field element.

logics, of which one is structuring the core configuration (here L1) and one is aligned with an
emerging configuration (L2). This list of elements chosen here is non-exhaustive, and will vary
according to the organisational field under investigation. Each node is positioned according to
its weighted degree centrality, that is, not only taking into account the fact that concepts have
been conjointly used in a congruent manner, but also the number of times that this has happened.
E.g. the link between the central field logic L1 and its adjacent technology T3 is visualized by
a thicker line than the link between T3 and regulation R1, indicating that the congruent
combination L1-T3 is used more frequently than T3-R1. The positionality of T3 on the
concentric circle for a weighted degree of 15, then indicates that T3 was congruently used with
its adjacent nodes P1, L1 and R1 15 times overall. The centrality network plot thus provides a
visual interpretation of the centrality of various framed elements, which takes into account both
their institutionalization (as measured in the frequency of their use) and their alignment with

other elements (as measured through the strength of their congruence links).
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Since the relational data can also be represented as actor networks, it is further possible to
retrace the driving (or blocking) actors behind changing configurations, allowing to answer
questions regarding the importance of different actor types, the emergence of novel technology
proponents, and the shifting role of incumbents in socio-technical transitions. If for example a
growing institutionalization of an emerging configuration can be associated with increasingly
resourceful types of organisations, one may interpret this as indications for an increasing
maturation of the underlying system of innovation, in the sense of a structural equivalent of
what Suurs and Hekkert (2009) called “motors of innovation”. This could be further extend to
a notion of motors of creative destruction (Kivimaa and Kern, 2016), if these organisations’
storylines involve both the legitimation of novel and the de-legitimation of core regime
concepts. While such an analysis would focus on the formation of an emerging innovation
system, STNA could equally be applied to the alignment processes around the establishment of
a dominant design within a specific technological field, like the membrane bioreactor

technology in the Chinese UWM sector (Yap and Truffer, 2018).

In following, however, we will apply the method to the analysis of spatially variegated socio-
technical alignment processes in an emerging transition in the global UWM sector. Prior
research has shown that the global regime around centralized water infrastructures and
associated technologies has been established to varying degrees across countries and is strongly
reinforced through organizations that operate at the global-scale, such as multi-national
companies, consultancies, NGOs and associations (Fuenfschilling and Binz, 2018). Hence, in
following section, we will briefly elaborate on STNA’s ability to capture geographical and
scalar information, allowing us to map and measure socio-technical alignments in

organisational fields that from in different spatial contexts and at different spatial scales.
3.3 Capturing multi-scalar regime structures through STNA

To exemplify a geographically sensitive STNA analysis, we need to elaborate on how the
choice of data sources not only defines what part of the organizational field is investigated, but
also its geography. As outlined above, media outlets may target audiences that are active in
different regions or across different spatial scales. The readership of global industry magazines
and blogs, will likely encompass actors that are organized globally and may potentially shape
global regime structures (Fuenfschilling and Binz, 2018), while daily newspapers typically
target national or regional public discourses (Raven et al., 2015). A geographically sensitive
STNA should explicitly account for the geographical reach of the audience, which is being

addressed by the media channel analysed. Capturing this geographical dimension allows for the
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construction of concept networks at different spatial scales, and open up for comparative
analysis of different audiences in different regions. In addition, transition trajectories may also
be defined through the dominant scale of activity of the organizations that form the field. Here,
STNA can capture the dominant scale of activity of the evaluating organizations; e.g.
international organizations and multi-nationals at the global, political parties at the national, or
grassroots organizations at the local scale. The combined analysis of the geography of audiences
and actors then allows for the identification of multi-scalar evaluation and legitimation

processes that influence the transformation organizational fields (annonymized, submitted).

4. Analyzing and mapping emerging transitions in urban

water management

Applying STNA to the case of the global water sector seems promising since it is facing strong
transformation pressures and boasts a highly complex global actor structure that can be
expected to exhibit relevant activities in different locations and at different scales. The dominant
(global) socio-technical regime in the UWM sector revolves around a deeply institutionalized
and taken for granted core field logic, which is neatly aligned with an infrastructure paradigm
around custom-built, large-scale, centralized infrastructures for water supply, wastewater
treatment and stormwater management (Fuenfschilling and Binz, 2018). With an estimated
annual investment volume of 500 billion US dollar in 2014, the sector is dominated by private
or public water utilities, as well as large multinational equipment suppliers, engineering
consultants and service providers like Suez, GE, Dow, Veolia or Thames Water (Lieberherr and
Fuenfschilling, 2016, OECD, 2019, OECD, 2018). Next to public investments, also
international development banks, and private investors play an increasingly important role

(OECD, 2019).

Based on an in-depth case study of transition dynamics in Australia, Fuenfschilling and Truffer
(2014) identified three core competing field logics in the UWM sector: the hydraulic logic
defending the status quo, a water market logic, putting economic efficiency up front, and a
water sensitive logic, highlighting environmental sustainability and community-related issues.
As they argue, proponents of each of these rationalities favour and reject different types of
technologies, governance modes and types of policy to varying degrees, conjointly forming the

semi-coherent fabric of the dominant regime in UWM. Especially in light of mega-trends (like
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neoliberalism) or grand challenges (like climate change and urbanisation), the market and the
sustainability related rationality have substantially gained importance. An illustrative example
of the increasing importance of the market rationality, can be seen in the increasing
marketization of desalinated seawater, produced in large-scale desalination plants, e.g. in
Australia after the Millenium drought, and in Southern California more recently (Fuenfschilling

and Truffer, 2016, Williams, 2018).

At the same time, scholars and practitioners alike are increasingly highlighting the importance
of making UWM practices more sustainable, resilient against shocks, and fit-for-purpose based
on more modular and decentralised technologies and modes of operation (Larsen et al., 2016,
Hoffmann et al., 2020). The argument for this alternative paradigm is that applying the Western-
style, large-scale infrastructure paradigm to the whole world will be difficult to finance, and
socially/ecologically damaging (Sadoff et al., 2015, UN-WWAP, 2015, Eggimann et al., 2018).
The premise of modularized and decentral technologies, in turn, rests on the idea that they can
benefit from “economies of unit numbers” rather than economies of scale at the level of the
treatment unit, making them cheaper, more flexible in terms of management and service
provision, and more efficient in terms of closing resource cycles (Wilson et al., 2020, Dahlgren

etal., 2013, Larsen et al., 2016).

The emergent socio-technical configurations, which embrace this alternative water sensitive
modular paradigm, are still at a nascent stage globally, comprising relatively few industrial
actors, and with funding and support mostly originating from private venture philanthropy
(especially the Bill and Melinda Gates Foundation — BMGF), NGOs, research and development
agencies (OECD, 2019). Yet, based on the aforementioned transformation pressures on UWM

globally, we would expect their increasing visibility in relevant discourses in recent years.
4.1 Database and methods

To apply STNA to the UWM sector, we first screened the global newspaper repository Nexis
Uni for outlets and articles dealing with technological solutions to water problems in various
English speaking countries and in global-scale industry magazines during 2011-2018. A set of
180 outlets (App. 1) classified as quality newspapers and industry magazines by Lexis Uni from
most OECD countries, plus newspapers from India, South Africa, China and Singapore, was
filtered with a search query around technology terms that relate to centralized or modular water
systems (App. 2). Of initially around 800 articles, 576 were deemed relevant and subsequently
coded by two coders with help of DNA-software (Leifeld, 2018). The first author developed
and tested a coding scheme (App. 3) before teaching a second coder in consistently applying it
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throughout the dataset, involving feedback rounds and inter-coder reliability checks. The
coding differentiates several innovative water technologies both within the centralized and
modular realm, which may be framed in a legitimizing or de-legitimizing way. Further, we
distinguished individual concepts for the centralized vs. modular infrastructure paradigm, for
different types of policy and for different types of rationalities, that actors would mobilize in

the context of their discursive evaluations.

Wherever applicable, direct or indirect statements by organizations were coded separately
according to their evaluation of the infrastructural paradigms (modular/central), and if further
specified, of specific technologies, as well as of related policies, and the related rationalities.
Rationalities here simply refer to larger topics which actors may mobilize in order to justify
their support or rejection of specific field elements, such as security, sustainability or
profitability. For each code, the agreement variable specifies, if a paradigm, technology or
policy was being supported or criticised. In the case of rationality codes, the agreement variable
illustrates if the rationality was reinforced or weakened, i.e. criticized through an actors’
statement. Eventually, for each code, we captured the dominant spatial scale of activity of the
organization evaluating a concept, (i.e. global for multinational companies, (sub-)national for
governments or local utilities, etc.), based on separate desk research. Further, the scale of the
audience of the outlet, in which an evaluation of a concept was identified, was separately

captured.

The code-co-occurrence matrices crated with DNA software were later filtered with help of R
to calculate concept congruence networks based on actors affiliated with the global-scale field
level, and within specific countries. The networks were parted in three time-slices, isolating a
period between 2014 and 2016. This period was chosen since several droughts associated with
an El-Nino event hit countries like the USA and South Africa at this time (Baudoin et al., 2017,
NIDIS, 2018). Since media in these countries were covering water debates extensively during
this period, it resonates with the idea that external shocks or pressures lead to higher activity of
statements expressing socio-technical (dis-)alignments (Rosenbloom et al., 2016, Turnheim and

Geels, 2013, Wooten and Hoffman, 2016).

The constructed networks were analysed regarding basic network indicators and were
visualized with the software package visone (Baur, 2008). The underlying datasets of these
global and national socio-technical alignment dynamics were further analysed with help of the
qualitative text data and descriptive statistics regarding the driving actors and actor types during

each period. To this end, we identified the organizations behind all conducive evaluations,
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which we defined by the aggregation of those evaluations that were supportive of field elements
associated with the modularization paradigm, and of those that were obstructing elements
associated with the centralized paradigm in a given period and spatially delimited field. We
chose an actor-based perspective here, filtering the dataset for all evaluations made by

organizations that dominantly operate in a specific country, or at the global scale.

In the remainder, we will demonstrate the results for socio-technical alignment dynamics by
global actors (4.2) and by actors from three contrasting country cases that proved to be
discursive hotspots (see also, annonymized, submitted): the USA, South Africa and India (cf.
section 4.3). These three countries, taken together, account for half of all country-level
evaluations captured from over 30 countries (see App.4). The USA and South Africa,
furthermore, both experienced major droughts between 2014-2016 (Baudoin et al., 2017,

NIDIS, 2018), while in many regions of India, water stress is a constant problem.
4.2  Socio-technical alignments by global scale actors

At a most aggregate level, our data reveals considerable stability at the global-scale where we
would expect to find many proponents of the existing global regime (Fuenfschilling and Binz,
2018) with large multi-national companies and non-governmental organizations reinforcing the
dominant paradigm around centralized urban and industrial water management (Fig. 4). The
regime is dominated by a stable core alignment around centralized industrial and municipal
reuse as well as centralized desalination and the centralization paradigm, confirming what one
could expect based on the previous sections. More emergent socio-technical configurations
around modular technologies (indicated in green), in turn, appear on the fringes of the plot in
the 2011-2013 period. Yet, a gradual inclusion of the sustainability rationale and increasing
alignment between elements from the core and the emerging configurations is observable from
2014 onwards. While during 2014-2016 this was predominantly driven through joint references
to the sustainability rationale by transition proponents and incumbents, in 2017-2018, we find
indications for a novel alignment around centralized and modular wastewater reuse that aligns

with the sustainability rationale.

To further interpret these alignment patterns, we use the qualitative data from the coded
newspaper articles and the underlying actor type patterns (Fig. 4c). The global scale in our
dataset is populated with evaluations of various elements by the largest multi-national water
technology companies in the world, international associations like International Water
Association, International Desalination Association, and various intergovernmental
organizations (UN, World Bank, WEF, WarterAid among others). Among the companies, we
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capture evaluations by Dow, GE, Veolia, Kemira, Grundfos, BASF, LG, Lanxess, Hyflux as
well as several larger engineering consultants. Looking at the dominant global actor types (4c)
contributing to the discourse, we can see that the core configurations are dominantly maintained
by multi-national companies, whereas the emerging configuration shows a larger proportion of
international NGOs and charities promoting it. Interestingly, aside from International
Organizations and NGOs, also incumbent players like Dow (in 2011), Veolia (2016) and GE
and BASF (in the latest period) are including modular technologies explicitly in their storylines.
While this may reflect a purposeful framing strategy, it also indicates a slight shift in
configurations between 2011 and 2018. The BMGF appears as an important and stable
proponent of decentralized UWM approaches from around 2014 onwards, which resonates with
the course of their global “Reinvent the toilet challenge” (Eckhoff and Wood, 2011).
Additionally, in the latest period, some NGOs that were not as strongly represented in the
previous period appear as newcomers legitimizing emerging technologies by emphasizing
similarity with elements of the core configuration. With Fluence Corp., a new multi-national
player appears in media (a joint venture between the US firm RWL water and the Israeli Water
specialist Emefcy), which explicitly targets the global market for packaged small-scale

treatment plants in the latest period.
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Taken together the data indicates that although the core configuration around centralized
technologies remains vital, emerging concepts and the sustainability rationale are increasingly
integrated into the core configuration. The increasing linkages between emerging and core
configurations also show signs of a fit-and-conform development pattern. Hence, it seems as if
modular water technologies are increasingly moving onto the agendas of global scale actors
(especially, also of big multi-national companies) which may indicate an increasing

institutionalization of the modular water technology configuration in the global UWM regime.

4.3 Socio-technical alignments by US, South African and Indian

actors

We will in the following elaborate on the evaluation patterns of US, South African and Indian
actors and interpret socio-technical alignment processes driven by these actors. These three

countries represent about 50% of the statements that we recorded in our database (App. 4).
US actors

US-actors’ evaluation activities during 2011-2018 exhibit some similarity with the global
regime, especially regarding the storylines supporting centralized reuse, the general
infrastructure paradigm, and the increased uptake of modular elements since 2014 (Fig. 5). In
the US, this seems to be triggered by a heavy drought in the Western states (California, Arizona,
Nevada etc.) in 2015/2016 (NIDIS, 2018), during which discursive activity increased strongly.
In this period, one can see a new storyline emerging, which aligns modular packaged
wastewater treatment and energy recovery systems and on-site reuse systems (e.g. used in
buildings and households). Also incumbent actors now partly include these emerging concepts
into their storylines and the sustainability rationale is reaching higher centrality during this
period. In 2017/2018, after the hype, the emerging elements remain in the centre, indicating
that the alignment of the modular UWM paradigm and related technologies has become more
institutionalized than before the drought. The general pattern may be interpreted as a stretch-
and-transform dynamic pattern, since the core configuration is transforming substantially in the

latest period.

A look at the actor type distribution (Fig. 5c), and the qualitative data from the articles confirms
this picture. Whereas the coalition of actors advocating classic regime concepts remains
surprisingly stable throughout the whole period (only with some smaller deviation during the

drought), the coalition supporting modular UWM technologies seems to have changed its
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composition. While in the beginning NGOs and research institutes dominate in the discourse,
they are increasingly replaced by public authorities and companies in the latter years. We would
interpret this pattern as an increasing maturation of systemic alignments around modular water
technologies. Indeed the qualitative data reveals that while in the beginning, the emerging
configuration is promoted by some smaller charities and larger universities (CalTec, Harvard,
and Stanford), since 2014 new actors appear in the media. Especially Californian actors
contribute to a big surge in conducive evaluations around 2015 and 2016 (Fig. 5a). This is
particularly driven by NGOs and research institutes such as the Arid Lands Institute, the Pacific
Institute, or Greywater Action, as well as UC Berkeley and Standford University, who are

combining emerging and core configurational concepts in their storylines.

At the same time, also political stakeholders, like the board of supervisors of the city of San
Francisco, appear as new legitimizers of modular greywater systems at the building scale
(onsite-reuse). Additionally, there is a new recurrent pattern of Californian Breweries that are
starting to install on-site wastewater reuse systems during the drought period. In turn, large-
scale desalination, a relevant concept of the core US storyline in 2011-2013, is highly disputed
in California during 2014-2016. At the federal level, NGOs like WateReuse or the US Water
Alliance, as well as a larger producer of packaged treatment systems (Cambrian Innovation)
are getting more prominent. While Californian actors’ influence fades from the discourses in
the 2017-2018 period, the emergence of new proponents, e.g. public authorities in Arizona and
larger firms (e.g. Solenis, RWL Water) as co-legitimizers of the former emergent concepts

points to an increasing institutionalization of modular water technologies in the US.
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South African actors

South Africa provides an interesting comparative case to the US, since both countries have been
strongly affected by heavy droughts between 2014 and 2016. Indeed, similar to the US, South
Africa sees a strong entry of emerging field elements during the time of increased
environmental pressure (2014-2016). However, as a striking difference to the US pattern,
modular UWM configurations are largely absent before and after the drought period (Fig. 6).
Their advocates are comprised of three groups: The Government based in Pretoria, the City of
Durban, its local University of KwaZulu Natal and a company with expertise in industrial water
treatment (Murray and Roberts). The Government turned towards modular technologies,
especially rainwater harvesting during the 2015-2016 drought, while otherwise heavily
investing in large-scale desalination in Cape Town and other places. The strong alignment of
the emerging and core configurations during the drought period suggest that South Africa
exemplifies a fit-and-conform pattern. It fits into the picture that modular rainwater harvesting
technologies are strongly promoted. They require relatively little adjustments of the existing
socio-technical regime, since they are relatively low-tech, cheap solutions that require only
small regulative adjustments, and are already part of the UWM system in some South African
cities (Mwenge Kahinda and Taigbenu, 2011). The city of Durban and the University of
KwaZulu Natal, are experimenting with more radical on-site urine treatment technologies
(source separation) strongly driven by international funding through the BMGF (see also
Sutherland et al., 2015), which is reported about in the early period (2011-2013). In 2018,
Murray and Roberts announced to build onsite-treatment facilities for hospitals in Cape Town,
when these were running out of water. Such, more radical emerging configurations, however,
remained scarce and not well-aligned with the core storyline in South Africa. Comparing the
discursive reactions to the droughts by US and South African actors, we find one similarity
standing out. The external environmental pressures clearly have an at least temporary effect on
the alignment of socio-technical configurations and on the underlying rationalities, usually in
favor of a sustainability rationale (R2) and new field elements. The increasing importance of
the sustainability rationale may reflect the social construction of the landscape that Rosenbloom
et al. (2016) was referring to: both transition proponents and opponents are increasingly
drawing on a novel rationality (sustainability) responding to the drought, and try to connect it

to their existing storylines (around technology concepts).
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Indian actors

India constitutes a somewhat special case, which is illustrated by the fact that at times (like in
2013-2014 or 2018) over half of all evaluations are conducive to modular UWM configurations
(Fig. 7), which may not surprise given the country’s low connection rate to centralized sewers.
In 2017, only 11% of households were connected to central sewers, while 1/3 had decentralized
septic systems installed and 28% were lacking any access to safely managed sanitation
infrastructures (WHO and Unicef, 2020). In this context, socio-technical configurations around
modular UWM systems are consistently not only present but also strongly aligned with various
regime-related configurations. In this sense, we would characterize the Indian context as a
“polycentric regime” (van Welie et al., 2018), consisting of different paradigms that coexist and
are more or less consistently aligned with each other. Modular technologies are being promoted
by a broad range of actors, including the Government (Fig. 7 c). Next to the region of New
Delhi, some geographical clusters in which modular technologies are frequently framed are
Mabharashtra in the West (with promoting coalitions in several large cities like Mumbai, Pune,
Nagpur), Uttar Pradesh and Himachal Pradesh in the North (several cities like Allahabad,
Moradabad, Meerut, Shimla) and a strong hub in Bengalore (Karnataka). An important constant

proponent is the National Environmental Engineering Institute (NEERI) based in Nagpur.

In terms of dynamics, one can observe that — somewhat contrary to the other cases - the core
configuration of the global regime is gaining importance in Indian UWM sector. This is mostly
driven by the government but also NGOs and universities that promote the further development
of centralized infrastructures, especially in urban contexts that often still lack improved
sanitation facilities (Fig. 7¢). At the same time, an increasing interest in modular technologies
can be observed in specific localities. Especially in Bengalore, where public authorities as well
as civil society, research, and companies are starting to promote modular technologies much
more strongly in the latest period (2017-2018), resonating with recent research on the case
(Reymond et al., 2020). Parallel with this one can also see an increasing number of research
institutes engaging in supportive narratives. This suggests, that while the alignments of
configurations at the national scale may indicate stability, regional transition pathways may still

excel in specific locations.
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5. Discussion

The empirical results discussed above imply that transitions in the UWM field can be
conceptualized as a patchwork of change processes that happen both at a global sector level and
inside a variety of national (and even regional) subsystems. How transition trajectories in
various countries differ from each other and how they influence (or are dependent upon)
‘global’ regime structures could so far only be characterized conceptually or with very generic,
cross-comparative research designs (Fuenfschilling and Binz, 2018, Lieberherr and
Fuenfschilling, 2016). The STNA method in contrast enables a direct global mapping of the
relevant (dis-)alignment processes at global and (sub-)national levels, which allows one to infer
why transition trajectories are likely to look very different between different contexts (i.e. the
USA vs. India) and are more likely to occur in certain contexts (here: the USA / India) than in

others (i.e. South Africa).

The results of our global mapping exercise in fact resonate with previous findings from
discursive approaches to transitions, underlining the proposed utility of our approach for future
research. Our findings revealed a highly institutionalized core around the paradigm of
centralized, large-scale water and wastewater infrastructures, which is closely aligned with
certain technologies, such as desalination and large-scale wastewater and stormwater treatment
. These large-scale, centralized technologies and concepts constitute the core of most storylines
by incumbents from various domains, and they remain comparatively stable over time,
reflecting the existence of a relatively stable and deeply institutionalized global socio-technical

regime in this sector (Fuenfschilling and Binz, 2018).

The concept of small-scale, modular UWM and related technologies remain rather isolated and
on the fringes of the relevant discourses in the field in the early 2010s. With the emergence of
stronger environmental pressures and the global droughts in 2014-2016, a new rationality
around sustainability is gaining importance in various countries and quickly invading the core
discourse of the field (globally, as well as in the US and in South Africa), which seems to
provide a window of opportunity for the proponents of modular UWM solutions to better align
the decentralized infrastructure paradigm and modular technologies to a configuration that is
able to challenge certain elements of the incumbent regime. At the same time, also incumbents

increasingly include modular elements in their storylines. Reuse-oriented technologies in the
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most current phase become the key boundary configuration, as both transition proponents and
incumbents align behind the idea of water reuse as a ‘sustainable’ solution by proposing either
large-scale centralized reuse schemes or small, modular reuse technologies (e.g. onsite
household reuse). Reuse-related technologies accordingly constitute a novel socio-technical
alignment that had hitherto not existed, and which may leverage further transition potential

towards modular technologies.

With the entry of novel elements aligned with the modular paradigm into the core-configuration
of the field, one may also argue that what we observe from 2014 onwards reflects a general fit-
and-conform dynamic, as for instance in South Africa, and at the global discourse level. In the
US, however, we can see first indications of more transformative change in the latest period
(2017-2018), suggesting an underlying stretch-and-conform type of transition dynamic. In
India, we find a clearly polycentric regime structure, which is comparatively stable but moves
towards an increased adoption the global regime paradigm, despite some regional dynamics
further promoting modular technologies. Overall, the slight indications of an imminent
transition in the global regime structure thus co-evolves with spatially highly complex and
variegated transition patterns in national contexts, which could now be explored and their

interrelations with global transition dynamics be explained in much more detail.

6. Conclusions and future research

In the present paper, we developed a discourse-based methodology to the investigation of socio-
technical alignment processes over time and space. While transition scholars have argued for
the importance of technology framing processes in understanding innovation journeys, niche
construction and multi-dimensional interactions in socio-technical transitions before (Geels and
Verhees, 2011, Smith et al., 2014, Raven et al., 2015, Rosenbloom et al., 2016), we maintain
that studying shifting socio-technical configurations through discourse networks allows for a
more comprehensive understanding of the dynamic and geographically variegated nature of
socio-technical transitions (Fuenfschilling and Binz, 2018, Fuenfschilling and Truffer, 2014).
We proposed to extend the recently developed method from policy discourse analysis — DNA
(Leifeld, 2017) into a specific approach for mapping and measuring dynamics in socio-technical

configurations (STNA). The novelty of this approach rests in its ability to display the internal
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and external alignments of socio-technical configurations, through the investigation of

storylines comprised of various congruently framed socio-technical elements over time.

Linking this information to the driving actors behind these dynamics, this approach enables the
tracing of core mechanisms in transition processes like those described by the “motors of
innovation” and creative destruction in the context of socio-technical change (Suurs and
Hekkert, 2009, Kivimaa and Kern, 2016), their strategies of field re-configuration, such as fit-
and-conform and stretch-and-conform (Smith and Raven, 2012), as well as incumbent’s
strategies like regime maintenance or appropriation of new elements (Turnheim and Geels,
2013, Patala et al., 2019). As outlined in more detail in the empirical part, the method
furthermore enables the comparison between potential transition pathways in different spatial

contexts (Geels and Schot, 2007, Hansen and Coenen, 2015, Murphy, 2015).

Thus, STNA enables the reconstruction of socio-technical dynamics over long time-spans and
across different geographies. In a sense, we propose to complement the predominant “intensive”
qualitative process tracking approach in transition studies with a more “extensive” approach in
order to enable comparative studies, generalized mechanisms by this and ultimately extend the
potential for theory building in the field. As we have demonstrated, the STNA method may
allow for mapping and measuring meso-level structures and processes in an organizational
field, without losing the connection to in-depth qualitative information. The exemplary
application of the method to an imminent transition in the UWM field could only illustrate the
potential and potency of this approach. But it opens up a whole series of potentially highly

relevant future investigations.

First, we maintain that the STNA method has a wide application range for all sorts of transitions
related problems. I.e. we expect the STNA approach to be applicable to transition processes
like early innovation system formation, the scaling up of innovation systems or struggles for
dominant designs, directionality and industrial shake out. More specifically, future research
could explore the dynamics within an emerging technological innovation system (Bergek,
2008). As Raven et al. (2015) have shown, emerging socio-technical configurations may not
only link up to different types of rationalities but also align with or contradict various socio-
political agendas (like a job creation imperative, a national sustainability strategy, or lead-
market and export opportunities). An illustrative example could be the case of Uber entering
the Netherlands adhering to a socio-political agenda around more innovative and flexible
personal transport, but contradicting a political agenda emphasizing the security of jobs in the

Dutch Taxi sector (Pelzer et al., 2019). STNA could provide an interesting methodology to
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investigate these tensions and interactions between an emerging socio-technical configuration
around a newly forming TIS and its wider socio-political context. In this line of research, one
should explore the fight among different technologies within a TIS before a dominant design

has emerged (Yap and Truffer, 2018).

Second, it was beyond the scope of this paper to elaborate on the policy implications that may
be derived from an STNA analysis. But it seems clear that for transformation oriented
innovation policy (Weber and Rohracher, 2012) or the identification of effective re-
configuration-oriented policy-mixes (Rogge and Reichardt, 2016, Kivimaa and Kern, 2016), it
is crucial to understand the dynamic and multi-scalar nature of socio-technical alignment
processes. STNA may provide a tool to identify the most important regime-maintaining
storylines (and the most powerful / interested actors behind them), which might be weakened
by targeted policy interventions. Correspondingly, the method may help to identify - and
strategically support - certain emerging socio-technical configurations that have the most
transformational potential for an organizational field. Mapping who is maintaining dominant
regime configurations and based on what storylines may in turn help to address and weaken the
power of the respective actors in a more effective way. In this way, STNA may also provide an
interesting tool for scholars investigating the interplay of power and agency in transitions

(Avelino et al., 2016).

Third and finally, we see a great potential in diving more deeply into the geographical
dimension of transition processes. As outlined in the empirical part, our approach allows for
spatially open and cross-comparative research designs that would hardly be attainable with in-
depth qualitative case studies. Our analysis could only scratch on the surface of the multi-
faceted socio-technical alignment processes that take place at and spanning across various
spatial scales. In a next step, one could for example complement our global mapping with an
in-depth investigation of the differences between socio-technical alignment struggles in the US,
South African or Indian state-level discourses, while still capturing the various ways of
engagement with national-scale and global-scale actors. Such a more regionally embedded
STNA analysis could reveal how the use of storylines and narratives in a region may rest on the
absorption of national or global storylines in a regional setting (Spéth and Rohracher, 2012,
annonymized, submitted). STNA could in this sense, provide a methodology to investigate how
regional innovation and socio-technical alignment processes are coupled with dynamics taking
place at other spatial scales, complementing the work on global knowledge pipelines and
networks with a more institutional perspective (Binz and Truffer, 2017, Binz et al., 2014,

Gosens et al., 2015).
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Of course, given its explorative nature and the global search lens, the application of STNA
illustrated in this paper has various limitations. Especially, future research should explore in
more depth what kind of documents stocks are most suitable in capturing socio-technical
alignment processes at different scales and in the different contexts outlined above. While we
have attempted to both collect data from global industry magazines and more nationally-bound
public newspapers, future applications may want to exclusively focus on more concise
transitions cases and focus their search exclusively to specific times of major discursive activity.
Such a focus on selected times of disruption may further allow researchers to investigate the
development of an organizational field over longer time-spans, lessening the very obvious time-

intensity the method comes with.

To summarize, we maintain that STNA provides a novel and potentially highly productive
methodological approach to strengthen transition theorizing in the future. It enables the
mapping and measuring of socio-technical dynamics over long time spans and across
geographies. It provides a very strong complement to conventional qualitative case study
methods and can therefore contribute substantially to cumulative theory building. Furthermore,
through the virtue of its semi-quantitative approach it may build bridges to more quantitative
approaches and by this perhaps also help to connect to related scholarly fields which build more
exclusively on quantitative approaches. If anything, we believe that we have only been able to
sketch out what could become a very generative perspective for transitions research in the
future.

App. 13000 words (incl. references)
References

Alkemade, F. 2019. Sustainable innovation research methods. /n: Boons, F. & McMeekin, A. (eds.)
Handbook of Sustainable Innovation. Cheltenham: Edward Elgar Publishing.

annonymized submitted. The geography of legitimation - How multi-scalar legitimation processes
matter for path creation in emerging industries. Economic Geography, Xx, Xx.

Avelino, F., Grin, J., Pel, B. & Jhagroe, S. 2016. The politics of sustainability transitions. Journal of
Environmental Policy & Planning, 18, 557-567.

Battilana, J., Leca, B. & Boxenbaum, E. 2009. How Actors Change Institutions: Towards a Theory of
Institutional Entrepreneurship. Academy of Management Annals, 3, 65-107.

Baudoin, M.-A., Vogel, C., Nortje, K. & Naik, M. 2017. Living with drought in South Africa: lessons
learnt from the recent El Nifo drought period. International Journal of Disaster Risk
Reduction, 23, 128-137.

Bauer, F. & Fuenfschilling, L. 2019. Local initiatives and global regimes — Multi-scalar transition
dynamics in the chemical industry. Journal of Cleaner Production, 216, 172-183.

Baur, M. 2008. Software for the Analysis and Visualization of Social Networks. PhD, Fridericiana
University Karlsruhe

Benford, R. D. & Snow, D. A. 2000. Framing Processes and Social Movements: An Overview and
Assessment. Annual Review of Sociology, 26, 611-639.

32



Bergek, A. e. a. 2008. Analyzing the functional dynamics of technological innovation systems: A
scheme of analysis. Research Policy.

Binz, C. & Truffer, B. 2017. Global Innovation Systems—A conceptual framework for innovation
dynamics in transnational contexts. Research Policy, 46, 1284-1298.

Binz, C., Truffer, B. & Coenen, L. 2014. Why space matters in technological innovation systems -
Mapping global knowledge dynamics of membrane bioreactor technology. Research Policy,
43, 138-155.

Coenen, L., Benneworth, P. & Truffer, B. 2012. Toward a spatial perspective on sustainability
transitions. Research Policy, 41, 968-979.

Coenen, L., Benneworth, P., Truffer, B. 2012. Towards a spatial perspective on sustainability
transitions. Research Policy, 968-979.

Dahlgren, E., Go¢gmen, C., Lackner, K. & van Ryzin, G. 2013. Small Modular Infrastructure. The
Engineering Economist, 58, 231-264.

DiMaggio, P. J. & Powell, W. W. 1983. The Iron Cage Revisited: Institutional Isomorphism and
Collective Rationality in Organizational Fields. American Sociological Review, 48, 147-160.

Eckhoff, P. & Wood, L. 2011. Reinvent the toilet challenge - concept and background. /n: Ventures, L.
(ed.). Bellvue, WA, USA.

Eggimann, S., Truffer, B., Feldmann, U. & Maurer, M. 2018. Screening European market potentials
for small modular wastewater treatment systems — an inroad to sustainability transitions in
urban water management? Land Use Policy, 78, 711-725.

Fuenfschilling, L. 2019. An institutional perspective on sustainability transitions. /n: Boons, F. &
McMeekin, A. (eds.) Handbook of sustainable innovation. Cheltenham: Edward Elgar
Publishing.

Fuenfschilling, L. & Binz, C. 2018. Global socio-technical regimes. Research Policy, 47, 735-749.

Fuenfschilling, L. & Truffer, B. 2014. The structuration of socio-technical regimes—Conceptual
foundations from institutional theory. Research Policy, 43, 772-791.

Fuenfschilling, L. & Truffer, B. 2016. The interplay of institutions, actors and technologies in socio-
technical systems - An analysis of transformations in the Australian urban water sector.
Technological Forecasting and Social Change, 103, 298-312.

Geels, F. W. 2002. Technological transitions as evolutionary reconfiguration processes: a multi-level
perspective and a case-study. Research Policy [Online], vol. 31.

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, 897-920.

Geels, F. W., Kem, F., Fuchs, G., Hinderer, N., Kungl, G., Mylan, J., Neukirch, M. & Wassermann, S.
2016. The enactment of socio-technical transition pathways: A reformulated typology and a
comparative multi-level analysis of the German and UK low-carbon electricity transitions
(1990-2014). Research Policy, 45, 896-913.

Geels, F. W. & Schot, J. 2007. Typology of sociotechnical transition pathways. Research Policy, vol.
36,399-417.

Geels, F. W. & Verhees, B. 2011. Cultural legitimacy and framing struggles in innovation journeys: A
cultural-performative perspective and a case study of Dutch nuclear energy (1945-1986).
Technological Forecasting and Social Change, 78, 910-930.

Gosens, J., Lu, Y. & Coenen, L. 2015. The role of transnational dimensions in emerging economy
‘Technological Innovation Systems’ for clean-tech. Journal of Cleaner Production, 86, 378-
388.

Hajer, M. & Versteeg, W. 2005. A decade of discourse analysis of environmental politics:
Achievements, challenges, perspectives. Journal of Environmental Policy & Planning, 7, 175-
184.

Hajer, M. A. 1995. The Politics of Environmental Discourse : Ecological Modernization and the
Policy Process, Oxford, Clarendon Press.

Hansen, T. & Coenen, L. 2015. The geography of sustainability transitions: Review, synthesis and
reflections on an emergent research field. Environmental Innovation and Societal Transitions,
17, 92-109.

Hoffmann, S., Feldmann, U., Bach, P. M., Binz, C., Farrelly, M., Frantzeskaki, N., Hiessl, H., Inauen,
J., Larsen, T. A., Lienert, J., Londong, J., Liithi, C., Maurer, M., Mitchell, C., Morgenroth, E.,
Nelson, K. L., Scholten, L., Truffer, B. & Udert, K. M. 2020. A Research Agenda for the

33




Future of Urban Water Management: Exploring the Potential of Nongrid, Small-Grid, and
Hybrid Solutions. Environmental Science & Technology, 54, 5312-5322.

Hoogma, R., Kemp, R., Schot, J. & Truffer, B. 2002. Experimenting for Sustainable Transport: The
Approach of Strategic Niche Management, London Routledge

Kern, F. 2011. Ideas, Institutions, and Interests: Explaining Policy Divergence in Fostering ‘System
Innovations’ towards Sustainability. Environment and Planning C: Government and Policy,
29, 1116-1134.

Kemn, F. & Rogge, K. S. 2018. Harnessing theories of the policy process for analysing the politics of
sustainability transitions: A critical survey. Environmental Innovation and Societal
Transitions, 27, 102-117.

Kivimaa, P. & Kern, F. 2016. Creative destruction or mere niche support? Innovation policy mixes for
sustainability transitions. Research Policy, vol. 45,205-217.

Konrad, K., Markard, J., Ruef, A. & Truffer, B. 2012. Strategic responses to fuel cell hype and
disappointment. Technological Forecasting and Social Change, 79, 1084-1098.

Larsen, T. A., Hoffmann, S., Liithi, C., Truffer, B. & Maurer, M. 2016. Emerging solutions to the
water challenges of an urbanizing world. Science, 352, 928-933.

Leifeld, P. 2009. Die Untersuchung von Diskursnetzwerken mit dem Discourse Network Analyzer
(DNA). In: Schneider, V., Janning, F., Leifeld, P. & Malang, T. (eds.) Politiknetzwerke.
Modelle, Anwendungen und Visualisierungen. Berlin: Springer.

Leifeld, P. 2017. Discourse Network Analysis: Policy Debates as Dynamic Networks. /n: Victor, J. N.,
Montgomery, A. H. & Lubell, M. (eds.) The Oxford Handbook of Political Networks Oxford:
Oxford University Press.

Leifeld, P. 2018. Discourse Network Analyser Manual.

Leifeld, P. & Haunss, S. 2012. Political discourse networks and the conflict over software patents in
Europe. European Journal of Political Research, 51, 382-409.

Levinthal, D. A. 1998. The Slow Pace of Rapid Technological Change: Gradualism and Punctuation in
Technological Change. Industrial and Corporate Change, 7,217-247.

Lieberherr, E. & Fuenfschilling, L. 2016. Neoliberalism and sustainable urban water sectors: A critical
reflection of sector characteristics and empirical evidence. Environment and Planning C:
Government and Policy, 34, 1540-1555.

Markard, J., Raven, R. & Truffer, B. 2012. Sustainability transitions: An emerging field of research
and its prospects. Research Policy, 41, 955-967.

Markard, J., Suter, M. & Ingold, K. 2016. Socio-technical transitions and policy change — Advocacy
coalitions in Swiss energy policy. Environmental Innovation and Societal Transitions, 18,
215-237.

Markard, J. & Truffer, B. 2008. Technological innovation systems and the multi-level perspective:
Towards an integrated framework. Research Policy, 37, 596-615.

Murphy, J. T. 2015. Human geography and socio-technical transition studies: Promising intersections.
Environmental Innovation and Societal Transitions, 17, 73-91.

Mwenge Kahinda, J. & Taigbenu, A. E. 2011. Rainwater harvesting in South Africa: Challenges and
opportunities. Physics and Chemistry of the Earth, Parts A/B/C, 36, 968-976.

NIDIS. 2018. National Integrated Drought Information System [Online]. Available:
https://www.drought.gov/drought/states/california [Accessed 20.10.2018].

OECD 2018. Financing water.

OECD 2019. Making Blended Finance Work for Water and Sanitation.

Pelzer, P., Frenken, K. & Boon, W. 2019. Institutional entrepreneurship in the platform economy:
How Uber tried (and failed) to change the Dutch taxi law. Environmental Innovation and
Societal Transitions.

Raven, R., Kern, F., Verhees, B. & Smith, A. 2015. Niche construction and empowerment through
socio-political work. A meta-analysis of six low-carbon technology cases. Environmental
Innovation and Societal Transitions, 18, 164-180.

Reymond, P., Chandragiri, R. & Ulrich, L. 2020. Governance Arrangements for the Scaling Up of
Small-Scale Wastewater Treatment and Reuse Systems — Lessons From India. Frontiers in
Environmental Science, 8.

Rip, A. & Kemp, R. 1998. Technological change. /n: Rayner, S. & Malone, E. L. (eds.) Human choice
and climate change. Vol. I, Resources and Technology. Battelle Press.

34




Rip, A. & Talma, S. 1998. Antagonistic Patterns and New Technologies. /n: Disco, C. & van der
Meulen, B. J. R. (eds.) Getting New Technologies Together. Berlin/New York: Walter de
Gruyter.

Rogge, K. S. & Reichardt, K. 2016. Policy mixes for sustainability transitions: An extended concept
and framework for analysis. Research Policy [Online], vol. 45. Available:
http://www.sciencedirect.com/science/article/pii/S0048733316300506 [Accessed 11.01.2017].

Rosenbloom, D., Berton, H. & Meadowcroft, J. 2016. Framing the sun: A discursive approach to
understanding multi-dimensional interactions within socio-technical transitions through the
case of solar electricity in Ontario, Canada. Research Policy, 45, 1275-1290.

Sabatier, P. A. 1988. An advocacy coalition framework of policy change and the role of policy-
oriented learning therein. Policy Sciences, 21, 129-168.

Sadoff, C. W., Hall, J. W., Grey, D., Aerts, J. C. J. H., Ait-Kadi, M., Brown, C., Cox, A., Dadson, S.,
Garrick, D., Kelman, J., McCornick, P., Ringler, C., Rosegrant, M., Whittington, D. &
Wiberg, D. 2015. Securing Water, Sustaining Growth: Report of the GWP/OECD Task Force
on Water Security and Sustainable Growth. Oxford: University of Oxford.

Schmidt, T. S., Schmid, N. & Sewerin, S. 2019. Policy goals, partisanship and paradigmatic change in
energy policy — analyzing parliamentary discourse in Germany over 30 years. Climate Policy,
1-16.

Scott, W. R. 1991. Unpacking Institutional Arguments. /n: Powell, W. W. & DiMaggio, P. (eds.) The
New Institutionalism in Organizational Analysis. Chicago: University of Chicago Press.

Sengers, F. & Raven, R. 2015. Toward a spatial perspective on niche development: The case of Bus
Rapid Transit. Environmental Innovation and Societal Transitions, 17, 166-182.

Seo, M.-G. & Creed, W. E. D. 2002. Institutional Contradictions, Praxis, and Institutional Change: A
Dialectical Perspective. The Academy of Management Review, 27, 222-247.

Smith, A., Kern, F., Raven, R. & Verhees, B. 2014. Spaces for sustainable innovation: Solar
photovoltaic electricity in the UK. Technological Forecasting and Social Change, 81, 115-
130.

Smith, A. & Raven, R. 2012. What is protective space? Reconsidering niches in transitions to
sustainability. Research Policy, 41, 1025-1036.

Smith, A., Voss, J.-P. & Grin, J. 2010. Innovation studies and sustainability transitions: the allure of
the multi-level perspective, and its challenges. Research Policy, 39, 435-448.

Sorrell, S. 2018. Explaining sociotechnical transitions: A critical realist perspective. Research Policy,
47, 1267-1282.

Spéth, P. & Rohracher, H. 2012. Local Demonstrations for Global Transitions—Dynamics across
Governance Levels Fostering Socio-Technical Regime Change Towards Sustainability.
European Planning Studies, 20, 461-479.

Sutherland, C., Scott, D. & Hordijk, M. 2015. Urban Water Governance for More Inclusive
Development: A Reflection on the ‘Waterscapes’ of Durban, South Africa. The European
Journal of Development Research, 27, 488-504.

Suurs, R. A. A. & Hekkert, M. P. 2009. Cumulative causation in the formation of a technological
innovation system: The case of biofuels in the Netherlands. Technological Forecasting and
Social Change, 76, 1003-1020.

Svensson, O. & Nikoleris, A. 2018. Structure reconsidered: Towards new foundations of explanatory
transitions theory. Research Policy, 47, 462-473.

Thornton, P. H. & Ocasio, W. 1999. Institutional Logics and the Historical Contingency of Power in
Organizations: Executive Succession in the Higher Education Publishing Industry, 1958-1990.
American Journal of Sociology, 105, 801-843.

Thornton, P. H. & Ocasio, W. 2008. Institutional logics. The Sage handbook of organizational
institutionalism, 840, 99-128.

Truffer, B., Murphy, J. T. & Raven, R. 2015. The geography of sustainability transitions: Contours of
an emerging theme. Environmental Innovation and Societal Transitions, 17, 63-72.

Turnheim, B. & Geels, F. W. 2013. The destabilisation of existing regimes: Confronting a multi-
dimensional framework with a case study of the British coal industry (1913-1967). Research
Policy, 42, 1749-1767.

UN-WWAP 2015. The United Nations World Water Development Report 2015: Water for a
Sustainable World. . Paris: UNESCO.

35



van Welie, M. J., Cherunya, P. C., Truffer, B. & Murphy, J. T. 2018. Analysing transition pathways in
developing cities: The case of Nairobi's splintered sanitation regime. Technological
Forecasting and Social Change.

Wasserman, S. & Faust, K. 1994. Social Network Analysis: Methods and Applications, Cambridge,
Cambridge University Press.

Weber, K. M. & Rohracher, H. 2012. Legitimizing research, technology and innovation policies for
transformative change: Combining insights from innovation systems and multi-level
perspective in a comprehensive ‘failures’ framework. Research Policy, vol. 41, 1037-1047.

Weber, K. M. & Truffer, B. 2017. Moving innovation systems research to the next level: towards an
integrative agenda. Oxford Review of Economic Policy, 33, 101-121.

WHO & Unicef. 2020. Joint Monitoring Programme for Water Supply, Sanitation and Hygiene.
Washdata. [Online]. Available: https://washdata.org/data/household#!/dashboard/new
[Accessed 27.07.2020].

Williams, J. 2018. Assembling the water factory: Seawater desalination and the techno-politics of
water privatisation in the San Diego—Tijuana metropolitan region. Geoforum, 93, 32-39.

Wilson, C., Grubler, A., Bento, N., Healey, S., De Stercke, S. & Zimm, C. 2020. Granular
technologies to accelerate decarbonization. Science, 368, 36-39.

Wooten, M. & Hoffman, A. J. 2016. Organizational Fields Past, Present and Future. SSRN Electronic
Journal.

Yap, X.-S. & Truffer, B. 2018. Shaping selection environments for industrial catch-up and
sustainability transitions: A systemic perspective on endogenizing windows of opportunity.
Research Policy.

36



Appendix

App. 1 — Outlets screened in Nexis Uni

Africa News

The Advertiser/Sunday Mail

(Adelaide, South Australia)

Brisbane News

Canberra Times (Australia)

The Sunday Herald (Glasgow) The Japan News The Christian Science Monitor Computer Weekly* MTI Econews*
The Guardian(London) The Japan Times The Philadelphia Inquirer Computing Music Week*

The Philadelphia Inquirer - Most Contract Journal* MWP Advanced
W\_ﬁ_‘k‘gﬂe Korea Herald Recent Two Weeks Manufacturing®
New Scientist Korea Times Advertising Age Control and Instrumentation* Natural Gas Week

Hobart Mercury/Sunday Tasmanian

(Australia)

The Daily Mail and Mail on
Sunday (London)

Herald Sun/Sunday Herald Sun

(Melbourne, Australia)

New Straits Times (Malaysia)

Automotive News

Creative Review*

New Media Age*

The Observer(London)

The Edge Malaysia

The New York Times

Daily Record and Sunday Mail

New Musical Express

Chemical Week

Daily Variety*

Newsweek

The Age (Melbourne, Australia
The West Australian (Perth)

The Investors Chronicle

New Era (Windhoek)

The Independent (United
Kingdom)

The Namibian (Windhoek)

The New York Times - International | Design Engineering® Off Licence News*
Edition
Accounting Today Design Week* Plastics News (tm)

Sydney Morning Herald (Australia)

BBC Monitoring: International

Daily Trust (Abuja)

Addis Fortune (Addis Ababa
Maghreb Confidential

The Times of India (TOI)

The Moscow Times*

Reports ADWEEK Electronics Weekly Platts Energy Business &

The Australian The Daily Telegraph (London) Het Financieele Dagblad Technology*
(English)* The New Yorker Employee Benefits Platts Megawatt Daily

Australian Financial Review The Engineer* The New Zealand Herald Waste News* Estates Gazette PR Week

Northern Territory News (Australia) | The Mirror (The Daily Mirror and | The Press (Christchurch. New Business Monitor News Euromoney Precision Marketing*

. The Sunday Mirror) Zealand) — — - Tampa Bay Times EXE* Process Engineering*

The Cou_ner Mail'The Sunday Mail | The Sunday Telegraph (London) The Dominion (Wellington) The Washington Post Farmers Weekly Professional Broking®

(Australia) - - - - - —

h - - B - - T — The San Francisco Chronicle Financial Adviser Retail Week

e Daily Telegraph (Australia) Accountancy Age (UK) The Dominion Post = = = - — - —

(Wellington,_New Zealand) Daily News (New York) Financial Director Revolution

The Gazette (Montreal) Antne Business The Evening Post Los Angeles Times Flight International Rubber & Plastics News
(Wellington)* PR Week (US)* Industry Week* Satellite Week*

Ottawa Citizen Marketing - UK* BusinessWorld USA Today Insurance Age* TechNews*

National Post's Financial Post & FP | mirror.co.uk Polish News Bulletin The Herald (Harare) Inter 1 Money Marketing* The Banker

Investing (Canada) Audio Week* ITAR-TASS The Business*

The Globe and Mail (Canada) standard.co.uk Sunday Times (South Africa) Billboard Lawyers Weekly* The Deal Pipeline

The Toronto Star telegraph.co.uk GroundUp (Cape Town) Brand Strategy* Legal Week The Electricity Journal

National Post (fk/a The Financial The Evening Standard (London) The Conversation Africa Builder* Management Today The Express

Post)(Canada) (Joh burg) Business & Finance Magazine* Marketing Week The Grocer

South China Morning Post The Herald (Glasgow) Business Day (South Africa) Campaign* Mergers and Acquisitions, The The Lawyer

- - - - Dealmaker's Journal
Lianhe Zaobao Er;;zz}"rade Gazette UK & Financial Mail (South Africa) Fo Middle EastNewsfle (Moneyclps)* | The People
Baltic News Service Ghanaian Chronicle (Accra) ;I\:};i;\‘slz’)sfow News (RIA Ciy AM. Nobie C rmications Repor® The Pharma Letter
CMP Information Money Marketing The Weekly Times

Hindustan Times

Moscow News*

Xtreme Information®

What's new in Industry*

Wall Street Journal
Abstracts

Belfast News Letter* The Economic Times The New Times Kigali

Belfast Telegraph The Irish Times The Straits Times (Singapore)
Belfast Telegraph Online The Jerusalem Post The Edge Singapore
Birmingham Evening Mail The Jerusalem Report The Business Times Singapore
Birmingham Post Nikkei Asian Review The Nation (Thailand) |

App. 2 — Search terms and query for article selection in Nexis Uni

Source: Major World Publications;Major World Newspapers; Times of India

(TOI);Africa News*

Combined Source: Major World Publicati ons;Maj or World Newspapers;

Times of India (TOI);Africa News*

((small-scale OR building-scale OR on-site OR onsite OR non-grid OR
nongrid OR decentral! OR modular OR smart OR distributed OR integrated
OR household) PRE2 (water OR wastewater OR blackwater OR greywater
OR graywater OR stormwater OR rainwater OR seawater) PRE/2 (recyding
OR reuse OR treatment OR infrastructure OR desalination))

OR ((water OR wastewater OR blackwater OR greywater OR graywater OR
stormwater OR rainwater OR seawater) PRE/1 (recycling OR reuse OR

reclamation OR harvesting OR desalination))
OR (membrane PRE/1 bioreactor)

OR (sequencing PRE/1 batch PRE/1 reactor)
OR (microbial PRE/1 fuel PRE/1 cell)

OR (membrane PRE/1 aerated PRE/1 biofilm PRE/1 reactor)

OR (nano PRE’l membrane)
OR (nano PRE’1 adsorbent)

OR (nano PRE’1 photocatalyst)

OR (septic PRE/1 tank)

OR (package PRE/] treatment PRE/1 plant)

OR (point PRE/2 use PRE/1 treatment)

OR ((dry OR composting) PRE/1 toilet)

OR (dual PRE/1 flush PRE/1 (plumb! OR toilet))

OR ((urine OR source) PRE/] separation)

OR (water PRE/1 saving PRE/1 device)

OR (inlet PRE/1 control)

OR (infiltration PRE/1 measure)

OR (green PRE/1 roof)
OR (water W/7 (resource PRE/1 recovery))
OR (reverse PRE/1 osmosis)
OR (zero PRE/1 liquid PRE/1 discharge)

OR (capacitive PRE/1 deionisation)

OR (desalination)
OR ((direct OR indirect) PRE/2 potable reuse)

OR (real PRE/1 time PRE/1 control)

OR (autonomous PRE/1 housing)
OR (closed PRE/]1 water PRE/] system)
OR (energy PRE/1 water PRE/] system)
AND HLEAD(water) AND ATLEAST3 (water) & ATLEAST2
(treatment)

OR (sustainable PRE/]1 urban PRE/1 drainage)
OR (NoMix)

OR (jokhasou)

OR (ecosan)

OR (ecological PRE/1 sanitation)
OR (water PRE/1 sensitive PRE/1 cities)




Central paradigm related evaluations Modular paradigm related evaluations

App. 3 — Coding scheme

Technologies

Wastewater Treatment

Large-scale applications of membrane

IMembrane bioreactors primarily for small-

Seperate sewer

IMBR (c) e ey MBR (m) Iscale applications (like industrial waste
ater treatment)
o Ireal time control in large-scale treatment/ - eal time control for small-scale treatment
‘Real time control (c) e . Real time control (m) s

llarge-scale separate sewer systems for
Istormwater & wastewater (also fits in HT3)

IMABR

[Membrane aerated biofilm reactors for
Ismall-scale treatment units

[Combined sewer

large-scale combined sewer systems for
istormwater & wastewater (also fits in HT3)

INanotech (m)

[Novel nano-membranes primarily for
lsmall-scale applications

Central paradigm related evaluations

Modular paradigm related evaluations

Paradigms (Institutions)

i ighlighting the
centralized, large-scale approaches to
|wastewater treatment. E.g. calling for

levaluations highlighting the benefits of
[water supply or treatment that organised
[more locally, making use of resilient and

joperations

jor recycling operations

[ sewers (leakage [Modular paradigm [flexible onsite infrastructures replacing or
[minimisation) or enhancement of existing [adding on to the existing or new large-
|sewage treatment plants enhanced |scale infrastructures

Policy, governance (Institutions)

lCentralized centralised governance of water treatment, lecentralised governance of water .

lgovernance supply, stromwater drainage or recycling Modular governance [treatement, supply, stormwater drainage

lcustomised constructed wetlands (such as

regulation promoting or facilitating the
implementation of large-scale water
infrastrucutre

m) regulation promoting small-scale, modular

ffinancial incentives and discounts to
lencourage water awareness and reduce
lconsumption in centralised systems

Imaterials)

ffinancial incentives and discounts
lpromoting small-scale modular

Financial incentives
m)

jinfrastructures
- . : [uwm should include all sorts of
Piversified portfolio technologies including modular

deionisation or graphene

iDams and pipes

large-scale water supply dams and pipelines
jover long distances

Ismall-scale water saving/ point-of use

IWater saving devices| s

[Wetland (c) Septic tanks Ismall-scale septic tanks, cesspits
1 ero discharge willow systems; ()
Nanotech (c) Inano-filtration techniques to improve large- [Packaged treatment [Small-scale, modular, on-site, package
| scale infrastructures lants reatment plants N o N
|M robial fuel cells [Small-scale, modular, on-site, treatment F‘:;mnclal incentives
pased on MFC
Water supply

large-scale desalination plants and technology small-scale to plant-scale ications of

Desalination (c) related to improving them (including nano- (m) ion, incl. C; itive/ electric

[Economic rationale

Rationalities (Institutions]

levaluations, narration suggests an economic
rationale

lLarge-scale OR small-scale groundwater or

[Real time control (c)

Surface abstraction [surface abstraction and/ or monitoring of the  [Drip irrigation [Modular irrigation systems for agriculture
|Same.
real time control for optimised large-scale Water ATMs ater ATM's with modular, decentralised

lon-site treatment

Stormwater inf. (c)

large-scale stormwater drainage & storage
technologies like detention pools

Stromwater management

Rainwater harvesting|

Ismall-scale/ development-scale rainwater
harvesting modules (like tanks, pipes etc.)

Large-scale OR small-sclae ponds and/or

levaluations, narration suggests a sustainability
rationale

rationale
later security
rationale

levaluations, narration suggests a water

Isecurity rationale

[Passive user

Regulation (Institutions)

User should not need to take on responsibility
for their own water supply and treatment as
his is taken care by public utilities/ firms
(narrative)

Water user (households, firms etc.) should

systems (c)

systems (m)

microbial fuel cells, heat recovery

large-scale sewerage wastewater recycling/

[Wastewater reuse (c)leffluent dual reticulation, direct or indirect

potable reuse,

Industrial reuse (m)

Ismall-scale industrial wastewater reuse/
recycling

Industrial reuse (c)

plant-scale industrial wastewater reuse/
recycling, zero liquid discharge, common
leffluent treatment plants

[Real time control (m)

Ireal time control for small-scale
lwastewater reuse/ recycling

INutrient recovery (c)

INutrient recovery and reuse from large-scale
|wastewater treatment

Onsite reuse

smallto development scale houshold
lwastewater reuse/ recycling

Source separation

n-site sanitation, treatment and reuse via
dry or composting toilets

lapplications of on-site water technologies

houses

in fully autonomou:

housing/buildings

App. 4 — Dataset

Years observed:

Documents:

evaluations after
duplicates/document cleared:
evaluations conducive to
conventional technologies
evaluations conducive to modular
technologies

Rationality evaluations

DNA Variables:

576
1589

91

524
154

Organisations:

Organisation types:

Concept codes (referred to in
evaluations):

Overall evaluations per country (or
clustered in supra-national

568

regions): count % of subtotal
India

USA 260 19.03
South Africa 135 9.88
Singapore 130 9.52
Israel 91 6.66
UK 52 3.81
East Africa 69 5.05
East Asia 46 337
Southern Africa 50 3.66
Oceania 55 4.03
Canada 49 3.59
Europe 63 461
Central and West Africa 31 227
China, Hong Kong, Taiwan 21 1.54
Other Africa 1 0.07
Middle East 23 1.68
Latin America & Carribean 4 0.29
subtotal 1366 100.00
% of subtotal (top-3 countries) 681 4985
Overall global-scale actor

evaluations: count % of total
Global-scale 223 14.03
% of Global-scale and top-3

countries 58.63
Total 1589 100.00

[Wetland (c) constructed wetlands for stormwater storage [Modular wetlands Ismall-scale, scalable wetland modules IActive user lake over a part of the responsibility for their
land aquifier recharge wn water supply and treatment (narrative)
Integrated watermanagement arifs and fees to punish overconsumption and
[Energy water arge-scale energy water systems [Energy water small-scale energy water systems, Tarifs, fees lencourage lower water consumption (multiple

ier system e.g.) in context of centralised
systems

[Behavioral change

Ibehavioral change promoting or facilitating the
implementation of large-scale water

finfrastructre




