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Navigating; 

sail or travel over (a stretch of water or terrain), especially carefully or with 
difficulty.  



 
 

 

  



 
 

 

I. Abstract 
Digitalisation is frequently described as one of the most significant technology trends 
of our time, with grand narratives depicting an increasingly digital future. We are said 
to have entered a new technological era where digital technologies drive disruptive 
change across society. Given the nature of these technologies, digitalisation is expected 
to be present in virtually every industry and sector in society. In industries such as 
music, media, and retail, digitalisation has already had a profound impact. While these 
industries were among the first to digitalise, others are now following. ‘Digital’ has 
become synonymous with innovation and modernity, establishing a digital imperative 
across various settings. In some contexts, however, the transformative potential 
remains less evident. Consequently, we need to pay closer attention to the conditions 
under which different entities, whether organisations, systems, or industries, become 
more or less adaptive to digitalisation. 
 
The point of departure for this thesis is the water sector. Similar to other industries, 
digitalisation has gained general attention in the water sector under labels such as 
‘digital water’, ‘Water 4.0’, and ‘the fourth water revolution’. Digital technologies are 
expected to leapfrog traditional infrastructure development and drive an anticipated 
transformation. However, the water sector is generally known for being conservative 
and resistant to change. This inertia is primarily attributed to the infrastructure 
systems and their focal actors, where sunk investments, long-term technical durability, 
and vested interests create significant barriers towards change. Empirically, this thesis 
is based on qualitative studies from the Swedish water sector. It primarily draws upon 
semi-structured interviews with representatives from the sector and inquires into the 
respondents’ perceptions of the implementation, use, and implications of digital 
technologies in urban water management. Theoretically, this thesis draws upon large 
technical systems and sustainability transitions studies. These literature streams have 
well-established traditions of studying the interplay between stability and change in 
infrastructure sectors such as water, energy, and transportation. By depicting the 
infrastructure systems of the water sector as sociotechnical systems, which constitute 
technologies and material artefacts, actors and their networks, and institutions and 
rules, this thesis sets out to explore what digitalisation means in mature and stable 
infrastructure sectors such as the water sector. 
 
This thesis contributes to the broader discourse on digitalisation present in both 
academia and practice. First, it draws attention to the dominant narrative regarding 
the disruptive forces of digitalisation. While this narrative applies to some settings, it 
is not necessarily true for all contexts. Second, it highlights the importance of 
contextual anchoring. Digitalisation in the water sector will naturally differ from the 



 
 

 

development we have witnessed in the music and media industries because we cannot 
replace either core technologies or core actors in the water sector. Rather than 
replacing pipes, pumps, and treatment plants with digital replicas, digital technologies 
are add-ons that alter the properties and functionalities of the existing technologies. 
Similarly, the core actors cannot be replaced by digital entrants due to the institutional 
environment and its established laws, regulations, and expectations. Instead, 
digitalisation depends on incentives and the ability of established actors to digitalise, 
wherein digital entrants can form new alliances and rearrange power structures. 
Consequently, the contextual situation shapes the very nature and scope of 
digitalisation and, ultimately, the possible digital transformation. Finally, this thesis 
emphasises adaptability over disruption. Digital technologies, with their flexible and 
incomplete-by-design nature, can be integrated successively into existing systems 
without requiring major investments or changes. Their transformative potential arises 
from the combination of various technologies implemented in various parts of the 
system. As a result, this offers an alternative narrative to the prevalent focus on 
disruption, suggesting that it is digital technologies’ ability to fit and conform rather 
than disrupt that drives widespread digitalisation in society. 
 
Keywords 
Digitalisation, digital technologies, water sector, digital water, sociotechnical systems  



 
 

 

II. Sammanfattning 
 
Digitalisering beskrivs ofta som en av de mest betydelsefulla tekniktrenderna i vår tid, 
med storslagna narrativ som skildrar en alltmer digital framtid. Det sägs att vi har trätt 
in i en ny teknologisk era där digital teknik driver disruptiv förändring över hela 
samhället. Givet den nya teknikens natur förväntas digitalisering vara närvarande i 
praktiskt taget varje bransch och sektor i samhället. Inom branscher såsom musik, 
media och detaljhandel har digitalisering redan haft en stor påverkan. Även om dessa 
branscher var bland de första att digitaliseras, följer nu andra efter. "Digital" har blivit 
synonymt med innovation och modernitet och etablerat ett digitalt imperativ i olika 
sammanhang. Dock är den transformerande potentialen mindre tydlig i andra 
kontexter. Därför behöver vi titta närmare på de förhållanden under vilka olika 
entiteter, vare sig det är organisationer, system eller industrier, blir mer eller mindre 
mottagliga för digitalisering. 
 
Denna avhandling tar sin utgångspunkt i vatten- och avlopps (VA) branschen. Precis 
som andra branscher har digitalisering fått stor uppmärksamhet inom VA-branschen 
under etiketter såsom "digitalt vatten", "vatten 4.0" och "den fjärde 
vattenrevolutionen". Digital teknik förväntas snabba på traditionell 
infrastrukturutveckling och förändra branschen i grunden. VA-branschen är dock i 
allmänhet känd för att vara konservativ och motståndskraftig mot förändring. Denna 
tröghet tillskrivs i huvudsak infrastruktursystemen och dess centrala aktörer, där 
tidigare investeringar, lång teknisk hållbarhet och etablerade intressen skapar 
betydande hinder för förändring. Empiriskt är denna avhandling baserad på kvalitativa 
studier från den svenska VA-branschen. Den bygger främst på semi-strukturerade 
intervjuer med representanter från branschen och undersöker respondenternas 
uppfattning om implementeringen, användningen och konsekvenserna av digital 
teknik inom vattenförvaltning. Teoretiskt förankrar sig denna avhandling i studier om 
stora tekniska system och hållbar omställning. Dessa forskningsfält har väletablerade 
traditioner av att studera samspelet mellan stabilitet och förändring i 
infrastruktursektorer såsom vatten, energi och transport. Genom att skildra VA-
branschens infrastruktursystem som sociotekniska system, bestående av teknik och 
materiella artefakter, aktörer och deras nätverk samt institutioner och regler, syftar 
denna avhandling till att undersöka vad digitalisering innebär i mogna och stabila 
infrastruktursektorer såsom VA-branschen. 
 
Denna avhandling bidrar till den bredare digitaliseringsdiskursen som förekommer 
både inom akademin och i praktiken. För det första uppmärksammar den det 
dominerande narrativet om digitaliseringens disruptiva krafter. Även om detta 
narrativ gäller i vissa sammanhang, är det inte nödvändigtvis sant för alla kontexter. 



 
 

 

För det andra belyser det vikten av kontextuell förankring. Digitalisering inom VA-
branschen kommer att skilja sig från den utveckling vi sett i musik- och medieindustrin 
eftersom vi inte kan ersätta vare sig kärnteknik eller kärnaktörer inom denna kontext. 
Istället för att ersätta rör, pumpar och reningsanläggningar med digitala versioner, är 
digital teknik tillägg som förändrar den befintliga teknikens egenskaper och 
funktionaliteter. På samma sätt kan kärnaktörerna inte ersättas av nya digitala aktörer 
på grund av den institutionella miljön med etablerade lagar, regler och förväntningar. 
Istället beror digitalisering på incitamenten och förmågan hos de etablerade aktörer 
att digitalisera, där digitala nykomlingar istället kan bilda nya allianser och omforma 
maktstrukturer. Följaktligen påverkar den kontextuella situationen själva karaktären 
och omfattningen av digitalisering och, i slutändan, möjligheterna för en digital 
transformation. Avslutningsvis betonar denna avhandling anpassningsförmåga 
framför disruption. Digital teknik, med sin flexibla och ofullständiga design, kan 
integreras successivt i befintliga system utan att kräva vare sig stora investeringar eller 
förändringar. Deras transformerande potential uppstår genom kombinationen av olika 
tekniker som implementeras i olika delar av systemet. Detta framhåller ett alternativt 
narrativ till det rådande fokuset på disruption och antyder istället att det är den digital 
teknikens förmåga att anpassa sig snarare än att disruptivt förändra som driver 
utbredd digitalisering i samhället. 
 
Nyckelord 
Digitalisering, digital teknik, VA-branschen, digitalt vatten, sociotekniska system  
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1.  Introduction 
‘We tend to overestimate the effect of technology in the short run and underestimate 

the effect in the long run’. – Roy Amara (also known as ‘Amara’s law’) 
 

In today’s world, digitalisation is often portrayed as the driving force behind a rapidly 
changing and unpredictable future. Due to the nature of digital technologies, 
digitalisation is expected to be present in every sector and industry in society (Bughin 
et al., 2017; Evans et al., 2008; Hess et al., 2016; Matt et al., 2015). We are now said to 
have entered the ‘second machine age’ (Brynjolfsson and McAfee, 2014) or the ‘fourth 
industrial revolution’ (Schwab, 2016), with digitalisation declared as ‘perhaps the 
technology-related phenomenon of our time’ (Wessel et al., 2021, p. 2). Indeed, 
digitalisation has gained extensive attention among scholars (see e.g. Gong and 
Ribiere, 2021; Hanelt et al., 2021; Vial, 2019), practitioners (see e.g. Bughin et al., 
2019; Kane et al., 2015), and policymakers alike (see e.g. EU, 2020; GOV.UK, 2022; 
U.S Government, 2012). In the public debate, ‘digital’ has become synonymous with 
‘new and modern’, while ‘analogue’ represents the ‘old and outdated’ (Wormbs, 2010). 
Similarly, the academic literature often describes digitalisation in terms of ‘disruptive 
impacts’ (Dąbrowska et al., 2022; Riedl et al., 2017; Vial, 2019), ‘accelerated change’ 
(Baiyere et al., 2023; Carroll et al., 2023; Warner and Wäger, 2019), and ‘a new 
strategic imperative’ (Fitzgerald et al., 2013; Gong and Ribiere, 2021; Hess et al., 2016). 
 
These expectations are visible across a wide range of sectors. As in other industries, 
digitalisation has gained growing attention in the global water sector under labels such 
as ‘digital water’ (Sarni et al., 2019), ‘Water 4.0’ (Sedlak, 2014), and ‘the fourth water 
revolution’ (Garrido-Baserba et al., 2020). This sector is responsible for providing 
society with urban water services such as potable water, sewerage and drainage, where 
digital technologies are expected to impact all parts of urban water management 
(Daniel et al., 2023; Garrido-Baserba et al., 2020; Sarni et al., 2019). They hold 
promises of improving the provision of urban water services (Boyle et al., 2022; 
Tutusaus et al., 2018), and the possibility of ‘leapfrogging’ traditional infrastructure 
development (Sarni, 2020; Verma, 2021). There is a strong professional discourse in 
the sector, largely driven by influential industry actors, advocating for the use of digital 
technologies (Walter, 2024). For instance, the International Water Association states 
that it is necessary to shift towards ‘next generation’ infrastructure systems that 
incorporate digital technologies in order to manage the challenges resulting from 
climate change, population growth, urbanisation, and ageing and overly stressed 
infrastructures, among others (IWA, 2023). Thus, digitalisation is described in terms 
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of an anticipated transformation (Walter, 2024), which is no longer an option but 
imperative (Sarni et al., 2019). 
 
Nonetheless, the overall impact of digitalisation has thus far been moderate (Hayward, 
2024; Manny, 2022). Studies have, among others, shown that a gap exists between the 
state-of-the-art digital solutions and the realities of most utilities (Doorn, 2021; Fu et 
al., 2022; Rapp et al., 2023), and that there is a lack of regulations that drive 
digitalisation (Markopoulou and Papakonstantinou, 2021; Stein et al., 2022). The 
water sector is generally described as conservative and resistant to change, where 
inertia is found in both its infrastructure systems and focal actors. Infrastructure 
systems are characterised by large sunk investments, long-term technical durability, 
and vested interests (Hughes, 1987, 1983; Kaijser, 2005). Consequently, changes tend 
to follow incremental and established technological trajectories once these systems are 
built (Markard, 2011). Similarly, water utilities have a public mandate to provide safe 
and reliable urban water services so risk aversion, budgetary restrictions, and 
regulatory compliances create few incentives for innovation and change as long as the 
provision of these services is effective (Alm et al., 2021; Kiparsky et al., 2016, 2013).  
 
On the one hand, this signifies that digitalisation is associated with disruptive, rapid, 
and inevitable change. This view can be found in both the general discourse on 
digitalisation, and the water sector specifically. On the other hand, the water sector is 
characterised by slow and incremental changes that adhere to established trajectories. 
This inertia is primarily attributed to its infrastructure systems and focal actors, thus 
suggesting that digitalisation is best understood from a system perspective. 
 
However, prior studies on digitalisation in the water sector have primarily focused on 
the implementation and use of single technologies in different parts of the systems, 
while a systemic understanding of digitalisation is missing (Daniel et al., 2023; 
Hoolohan et al., 2021; Manny, 2022). Similarly, most studies in the digitalisation 
literature have examined its impact at the organisational level (see e.g. Hanelt et al., 
2021; Hess et al., 2016; Nadkarni and Prügl, 2021), while empirical investigations and 
theoretical inquiry at other levels of analysis are missing (Bodrožić and Adler, 2022; 
Dąbrowska et al., 2022; Faik et al., 2020; Vial, 2019). With digitalisation claimed to 
bring about disruptive changes in mature and stable infrastructure sectors, such as the 
water sector, understanding the possible implications first requires grasping the very 
nature and scope of that impact. 

1.1.  Research aim and question 
This thesis aims to explore what digitalisation means in mature and stable 
infrastructure sectors. While digital technologies may disrupt and provoke crises and 
change in some contexts, they may be supplementary and only induce incremental 
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change in others (Dolata, 2020, 2009). Therefore, simply stating that digitalisation 
impacts ‘all aspects of our private and professional lives’ (Legner et al., 2017, p. 301), 
enables ‘transformational change in virtually every aspect of society’ (Lucas et al., 
2013, p. 371), or is ‘reshaping everything’ (Dąbrowska et al., 2022, p. 2) is of little help 
in understanding the nature and scope of that impact. Although digital disruption is 
real in some settings, the disruptive narrative has been challenged in other contexts 
(see e.g. Andriole, 2017; Birkinshaw, 2022). While the impact has been distinct in 
industries such as music and media (see e.g. Benner and Waldfogel, 2016; Karimi and 
Walter, 2015; Lucas and Goh, 2009), the potentially transformative impact in other 
settings is not as obvious. We thus need to pay closer attention to the conditions under 
which different entities, be they organisations, systems, or industries, become more or 
less adaptive to digitalisation (Nadkarni and Prügl, 2021). 
 
Empirically, the point of departure for this thesis is the Swedish water sector. In line 
with the global water sector, the Swedish water sector is generally considered to be in 
the early phases of digitalisation (Arnell et al., 2021; Malm et al., 2019). The Swedish 
setting, however, presents an interesting case for two main reasons. First, the provision 
of urban water services in Sweden resembles the situation of many other high-income 
countries. The Swedish water sector consists of mature and stable infrastructure 
systems, built according to a dominant logic of large-scale and centralised systems 
managed by public entities (Brown et al., 2011; Fuenfschilling and Binz, 2018; Smith 
et al., 2005). Second, Sweden is often considered to be at the forefront when it comes 
to digitalisation (see e.g. EU, 2023; OECD, 2018). For instance, Sweden is the base for 
several influential digital technology companies, such as Spotify and Klarna. 
Furthermore, the Swedish government formulated a national digitalisation strategy in 
2017 aimed at transforming Sweden into a ‘world leader’ in terms of utilising the 
opportunities provided by digitalisation (Sveriges Riksdag, 2017). As a result, the 
national development and expansion of digital infrastructures have created favourable 
conditions for digitalisation in various industries and sectors. 
 
Theoretically, this thesis uses the concept of ‘sociotechnical systems’ as an analytical 
lens, adopted from the literature on large technical systems and sustainability 
transitions. These two literature streams have established traditions of studying the 
evolution of large technical systems, such as those in the water sector (see e.g. Binz et 
al., 2016; Fuenfschilling and Truffer, 2016; Geels, 2005a). While digitalisation still 
remains a rather unexplored topic in these fields, recent calls have been made to pay 
closer attention to the role of digital technologies in transitions (see Andersen et al., 
2021; Mouthaan et al., 2023; Sareen and Haarstad, 2021). By conceptualising the 
infrastructure systems of the water sector as sociotechnical systems, we can distinguish 
three different coevolving components of technologies and material artefacts, actors 
and networks, and rules and institutions, which together impact the interplay between 
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stability and change in the system (Fuenfschilling and Truffer, 2016; Geels, 2004a; 
Malerba, 2002). Consequently, it allows us to explore how digital technologies may 
drive processes of change that go beyond merely the application of technologies to 
encompass reconfigurations of the technologies, actors, and institutions that are part 
of the sociotechnical system. This thesis thus addresses the following overarching 
research question: 
 

How can digitalisation evolve in mature and stable sociotechnical systems? 
 
This thesis intends to contribute to the ongoing academic as well as public discourse 
on digitalisation by enhancing our understanding of digitalisation in mature and stable 
infrastructure sectors, which represent empirical settings that potentially challenge 
some of the commonly held assumptions related to digitalisation. Referring back to 
Amara’s law, the emphasis on ‘disruptive’ and ‘radical’ change may lead to an 
overestimation of digitalisation’s short-term impact.  Similarly, the absence of 
immediate effects may result in underestimating or misjudging its long-term impact. 
Therefore, revealing possible implications of digitalisation in mature and stable 
sociotechnical systems can provide important insights into what to expect. 

1.2.  Thesis outline 

This thesis consists of a cover essay and four appended papers. The papers form the 
basis of this thesis, while the cover essay synthesises and puts the results from the 
papers into a broader context. The cover essay consists of eight chapters. In this 
chapter, I have introduced the topic and research objectives of this thesis. In Chapter 
2, I present digitalisation in further detail, while in Chapter 3, I present sociotechnical 
systems which constitutes the theoretical background and analytical framing of this 
thesis. I introduce the empirical context in Chapter 4, and I describe the research 
process and methodological choices in Chapter 5. In Chapter 6, I summarise the four 
appended papers, which are discussed in relation to the theoretical framing in Chapter 
7. Finally, in Chapter 8, I present the main conclusion and contributions of this thesis.  
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2.  Digitalisation 
This thesis addresses digitalisation, a term used to describe manifold societal 
phenomena and the sociotechnical processes of using digital technologies in broader 
individual, organisational, and societal contexts. In the following section, I present a 
brief discussion on the open concept of digitalisation, followed by an overview of the 
implications of digitalisation in various contexts. 

2.1.  The open concept of digitalisation 

Since the second half of the 20th century, several technical breakthroughs have led to a 
leap forward in digital development; from the introduction of the mainframe computer 
in the 1960s to the personal computer in the 1980s, the boom of the Internet in the 
1990s, and the rise of mobile phones and social media in the early 2000s. In 
consequence, the digital revolution is sometimes said to have started as early as the 
1950s (Ensmenger, 2021; Evans et al., 2006). These developments are often described 
as different ‘waves of digitalisation’ (Legner et al., 2017; Tilson et al., 2010).1 The 
current wave of digitalisation is largely driven by converging technologies combined 
with continued miniaturisation, decreasing costs, increasing processing power, storage 
capacity, and communication bandwidth. While earlier waves of digitalisation 
primarily established the foundation for using digital technologies, later waves have 
facilitated their widespread adoption and application. Today, the continued 
integration of the digital and physical worlds has made the ‘vision of ubiquitous 
computing become very close to reality’ (Legner et al., 2017, p. 302). 

However, some scholars have come to question the novelty of what is today referred to 
as the current wave of digitalisation. This debate is particularly visible in the 
information system literature (see e.g. Baiyere et al., 2023; Legner et al., 2017; Riedl et 
al., 2017), which has dealt with topics related to digital phenomena for decades 
(Mertens and Wiener, 2018; Riedl et al., 2017). The information systems field is an 
applied discipline that integrates research from various academic disciplines, 
including computer science, systems theory, and management studies (Baskerville and 
Myers, 2002), wherein the sociotechnical perspective serves as the core axis uniting 
the field (Sarker et al., 2019). As acknowledged in this literature stream, the current 
wave of digitalisation has introduced some truly new phenomena, such as e-commerce 
and software platforms (Baiyere et al., 2023). At the same time, other scholars are 
concerned that it may rather represent a rebranding of already established societal 
phenomena (Riedl et al., 2017). In the information systems literature, the shifting of 

 
1 As noted by Orlikowski and Scott (2023), the metaphor of ‘the wave’ does considerable ideational work in itself. 
Waves are powerful, dramatic, and highly visible, which reinforce the narrative of digitalisation as a sweeping and 
unstoppable force. Consequently, resistance is useless; ‘one either learns to ride the waves and reap the rewards 
or risks getting washed away’ (Orlikowski and Scott, 2023, p.3). 
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labels is not a new phenomenon; throughout its (relatively short) history, ‘digital’ 
technologies have been labelled as ‘information’, ‘virtual’, ‘cyber’, and ‘electronic’ 
technologies, to name just a few (Baiyere et al., 2023). Since the early 2000s, the use 
of the term ‘digital’ has increased significantly while the previously dominant term ‘IT’ 
has seen a decline (Rodriguez and Piccoli, 2018). Consequently, scholars have asked if 
the current situation warrants a shift of label or if it rather represents ‘just another fad’ 
(Baiyere et al., 2023; Riedl et al., 2017). 
 
Some argue that selling digitalisation as something new entails the risk of failing to 
build sufficiently on existing bodies of research (Mertens and Wiener, 2018). Instead, 
digitalisation can be seen as an evolution of the previously established IT or ICT-
revolutions (Bodrožić and Adler, 2022; Mertens and Wiener, 2018; Vial, 2019). Others 
claim that the current wave of digitalisation differs from previous ones (Legner et al., 
2017), for which existing bodies of knowledge may not be able to account (Markus and 
Rowe, 2021; Nambisan et al., 2017). As such, forcing old ideas and categories onto 
novel phenomena may prevent new insights from emerging (Riedl et al., 2017). For 
instance, Markus and Rowe (2021, p. 275) state that digitalisation is ‘not yet, we 
believe, well theorized’. 
 
Similar discussions have taken place in other academic fields. While digital phenomena 
previously were a concern mainly for information system scholars (Baiyere et al., 2023; 
Nadkarni and Prügl, 2021), digitalisation now engages scholars from a wide range of 
disciplines (Hausberg et al., 2019; Legner et al., 2017). Today, studies of digitalisation 
go well beyond the level and unit of analysis usually covered in the information systems 
literature, which some argue is a sign of an impending shift in itself (Baiyere et al., 
2023; Riedl et al., 2017). Due to the uncertainty of digital phenomena, scholars from 
various fields have started to question the explanatory power of existing theories (see 
e.g. Benner and Tushman, 2015; Haefner et al., 2021; Hanelt et al., 2021; Lyytinen, 
2022; Nambisan et al., 2019). This aligns with the broader discussion within social 
science research, wherein scholars are expected to build on previous research to avoid 
the need to 'reinvent the wheel' (Oxley et al., 2010). At the same time, novel phenomena 
may necessitate theories and explanatory models that challenge existing assumptions 
(Hambrick, 2007; Van de Ven, 1989). 
 
As a result, digitalisation engages scholars from various fields, wherein the boundaries 
and qualities of digital phenomena are still under inquiry (Hanelt et al., 2021). As such, 
it appears that these phenomena are yet to be ‘solidified’ (von Krogh et al., 2012). Given 
the multidisciplinary nature of digitalisation, scholars have called for transdisciplinary 
and interdisciplinary approaches that integrate different theoretical views and 
methods from different fields (Hund et al., 2021; Lanzolla et al., 2020; Legner et al., 
2017; Verhoef et al., 2021). Since studies are currently scattered across fields without 
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a common vocabulary (Lyytinen et al., 2020), scholars are concerned that they may fail 
to progress without common themes, insights, or avenues for future research (Carroll 
et al., 2023; Hund et al., 2021). For instance, phenomena that span multiple fields can 
reveal commonalities across fields that were previously not known (von Krogh et al., 
2012). As argued by Baiyere et al. (2023), the term ‘digital’ requires careful unpacking 
and theorising on what it signifies in order to avoid the risk of the term losing its 
meaning. 

These conceptual uncertainties are also visible in related terms such as digitisation and 
digital transformation.2 Despite several efforts to define and differentiate digitalisation 
and related terms (see e.g. Gong and Ribiere, 2021; Hanelt et al., 2021; Mergel et al., 
2019; Vial, 2019), these terms are often used vaguely and interchangeably (Legner et 
al., 2017). However, it is generally agreed that they should be distinguished from each 
other (Gong and Ribiere, 2021; Hess et al., 2016; Ross, 2017; Tilson et al., 2010). For 
instance, Tilson et al. (2010) differentiate between digitisation and digitalisation by 
emphasising that the former describes technical processes of converting analogue data 
into digital format. Digitalisation, on the other hand, describes wider sociotechnical 
processes of applying digital technologies in different individual, organisational, and 
societal contexts. Similarly, Legner et al. (2017, p. 301) describe digitalisation as ‘the 
manifold sociotechnical phenomena and processes of adopting and using these 
technologies in broader individual, organizational, and societal contexts’. Therefore, 
digitisation is a necessary but not sufficient precondition to digitalise (Baiyere et al., 
2023; Verhoef et al., 2021). As exemplified by Baiyere et al. (2023), stating that we 
‘digitalise’ our processes instead of ‘digitise’ emphasises the social and organisational 
changes associated with the use of digital technologies. While these views on digital 
have coevolved, digitisation primarily comes from an engineering tradition while 
digitalisation stems from the social sciences (ibid). 

Similarly, digital transformation is sometimes used synonymously with digitalisation 
(see e.g. Hess et al., 2016; Parviainen et al., 2017). However, others use it to denote 
significant or fundamental changes caused by digital technologies. For instance, Vial 
(2019, p. 118) defines digital transformation as ‘a process that aims to improve an 
entity by triggering significant changes to its properties through combinations of 
information, computing, communication, and connectivity technologies’. Likewise, 
Gong and Ribiere (2021, p. 9) argue that emphasising the term ‘fundamental’ allows 
for differencing ‘from other non-fundamental changes, such as digitization and 
digitalization’. In consequence, digital transformation is just like digitalisation 

 
2 This conceptual confusion is also visible in my papers. During my doctoral studies, my understanding and 
conceptualisation of digitalisation have changed, which is reflected in how I use digitalisation and related concepts 
in the appended papers.  
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described as sociotechnical processes, but with amplified and more encompassing 
consequences within the given context.  

2.2.  Implications of digitalisation 

Prior studies on digitalisation have generally concentrated on two main areas: the 
characteristics of digital technologies and their broader consequences in individual, 
organisational, and societal contexts (Appio et al., 2021; Drechsler et al., 2020; Riedl 
et al., 2017). While early studies focused mainly on the former, later studies came to 
recognise that it is more than just a technological shift and emphasised the 
sociotechnical nature of digitalisation (Dąbrowska et al., 2022; Gong and Ribiere, 
2021; Legner et al., 2017; Tilson et al., 2010). Before discussing the implications of 
digitalisation, we start by untangling the nature of digital technologies. 

2.2.1.  Digital technologies 

Digital technologies build on symbol-based computing and a complex system of 
hardware, software, and connectivity networks. Today, digital technologies are often 
broadly defined as information, computing, communication and connectivity 
technologies (Bharadwaj et al., 2013) or SMACIT technologies (social, mobile, 
analytics, cloud, and Internet of Things) (Legner et al., 2017; Sebastian et al., 2017). 
Digital technologies are becoming increasingly embedded in products, services, and 
operations and have increasingly changed their nature (Yoo et al., 2012). 
Consequently, digital technologies are often described as inherently disruptive (see e.g. 
Karimi and Walter, 2015; Lucas and Goh, 2009; Nadkarni and Prügl, 2021). However, 
while some scholars have compared digital technologies to other general-purpose or 
key-enabling technologies such as the steam engine and electricity (see e.g. 
Brynjolfsson and McAfee, 2014; John et al., 2022; Martinelli et al., 2021; Paunov and 
Planes-Satorra, 2019), others argue that digital technologies do not fall into any 
existing category (Lanzolla et al., 2020).  
 
Instead, scholars have tried to capture the nature of digital technologies. For instance, 
Kallinikos et al. (2013) identified four distinct properties of digital technologies and 
artefacts: editability, interactivity, reprogrammability, and distributedness. First, 
editability refers to the possibility to modify and continuously update digital 
technologies in various ways. Editability can be achieved by rearranging the 
components of digital technologies or deleting, replacing, or modifying the function of 
the components. In addition, editability can be assigned to regular updates of content, 
items, or data, such as blog posts or booking systems. In comparison to physical 
artefacts, digital technologies make it possible to separate content and media where 
digital content, for instance images or music, can travel across different media (Huang 
et al., 2017; Yoo et al., 2010). Second, digital technologies are interactive since they 
allow for different ways of interacting with their functionality. For instance, digitised 
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products such as Apple’s iPad and Amazon’s Kindle can simultaneously be a product 
and a platform on which companies can compete in some aspects, such as devices, and 
collaborate on others, such as content and services (Henfridsson et al., 2014; Warner 
and Wäger, 2019; Yoo et al., 2010). Consequently, digital technologies can be assigned 
various meanings by individuals or social groups who use them differently in different 
contexts (Faulkner and Runde, 2019). Digital technologies thus allow for more 
flexibility compared to the ‘fixed responses’ of physical artefacts (Kallinikos et al., 
2013). However, interactivity is distinguishable from editability since it does not entail 
any immediate changes or modifications to digital technologies. 
 
Third, reprogrammability or openness refers to the possibility of individuals, groups, 
or organisations to cocreate digital services, applications, and products (Tilson et al., 
2010; Yoo et al., 2010). As a result, it is distinguishable from editability since it does 
not rearrange the internal components but rather recombines different digital 
technologies to enable the creation of new functionalities. New products and services 
can thus be added at a marginally negligible cost (Huang et al., 2017). Finally, digital 
technologies are distributed and seldom contained within one source or organisation. 
Instead, they consist of various components that are spread out in an overarching 
digital infrastructure which is largely open, flexible, and accessible to anyone (Tilson 
et al., 2010). In comparison to physical artefacts, such as a book, digital technologies 
are ‘borderless’ since they lack inherent borders that bind them to an obvious entity 
(Kallinikos et al., 2013). 
 
This signifies that digital technologies are intentionally incomplete and perceptually in 
the making (Garud et al., 2008), wherein the flexibility and scalability are tied to the 
modular architecture and loose couplings between digital components (Henfridsson et 
al., 2014; Tilson et al., 2010; Yoo et al., 2010). Today, the digital and physical worlds 
are becoming increasingly fused, with digital technologies actively shaping the physical 
environment (Baskerville et al., 2020; Jocevski, 2020). While physical artefacts are 
possible to see and touch, they are generally difficult to change or use for other 
purposes than those for which they were originally designed, and they come with a 
sense of time and place, digital technologies have a perceived ‘weightlessness’, are 
changeable, and generally appear as detached from time and space (Coyle, 1999). For 
instance, meeting in a virtual space contributes to the feeling of being free from time 
and space and largely conceals the use of material resources (Wormbs, 2022).  
 
Consequently, the use of digital technologies is sometimes associated with a 
‘dematerialisation’ of physical artefacts. For instance, when a physical music CD 
medium is replaced by a digital music medium, the physical materially of the music 
medium appears to ‘disappear’. As such, the use of digital technologies is sometimes 
perceived as ‘free’ and ‘detached’ from the use of material or energy (Berkhout and 
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Hertin, 2004; Wormbs, 2022). In reality, however, the physical materiality has shifted 
from the music CD to the digital hardware. Therefore, the invisibility of digital 
materiality resembles that of electricity, but in contrast to electricity, it is often not 
obvious where digital information is produced and stored, or what paths it takes to 
reach the end user (Wormbs, 2022). 
 
In addition, digital technologies are associated with what I refer to as a 
‘rematerialisation’ of physical artefacts. One of the key characteristics of digital 
technologies is their ability to incorporate digital properties into physical artefacts (Yoo 
et al., 2012). Indeed, Yoo et al. (2012) illustrated this with the example of a shoe and a 
car. Shoes and cars have physical materiality since they can be worn or driven, are 
difficult to use for other purposes than which they were originally designed for, and 
carry social meaning in terms of use. However, by integrating a microchip into the shoe 
or car, they obtain digital properties, such as being able to record movement in digital 
format. For the shoe user, the shoe can now also provide information about the number 
of steps taken during the day and communicate this to other mobile devices, such as 
smart watches or smart phones. Similarly, the recorded speed, acceleration, and 
braking of a driver can be communicated to an insurance company and have an impact 
on available insurance premiums. As such, digital technologies are blurring the 
boundaries between the digital and physical worlds since they allow for the entangling 
digital and physical materiality and properties (Baskerville et al., 2020; Jocevski, 
2020; Yoo et al., 2012, 2010).  

2.2.2.  Digitalisation 

The idea that digital technologies carry transformative potential is not new but has long 
been recognised in the literature (see e.g. Evans et al., 2006; Zuboff, 1988). 
Digitalisation is not about the use of one but rather multiple interdependent 
technologies (Bodrožić and Adler, 2022; Nambisan et al., 2019; Vial, 2019). Taking the 
music industry as an example, significant changes to the industry were enabled by a 
bundle of technologies such as the Internet, data compressing and processing, cloud 
computing, and data analytics (Dolata, 2020, 2011). Due to their ubiquitous nature 
(Trittin-Ulbrich et al., 2021), digital technologies are adopted in a wide range of 
industries and sectors wherein digitalisation can be observed at the level of individuals, 
organisations, systems, and society at large (Appio et al., 2021; Bodrožić and Adler, 
2022; Dąbrowska et al., 2022; Vial, 2019). For instance, the recent Covid-19 pandemic 
significantly accelerated digitalisation across various contexts (Kateb et al., 2022; Lu 
and Wang, 2023; Wade and Shan, 2020). 
 
Digital technologies have significantly influenced the behaviour and expectations of 
individuals. First, they provide greater access to information and communication, 
which has transformed various aspects of daily life. For example, social media has 
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played a crucial role in facilitating and supporting social movements (Jarvenpaa and 
Selander, 2023; Tye et al., 2018). Additionally, the use of digital technologies has 
reshaped the relationship between customers and companies. Banking customers, for 
instance, now expect to manage their transactions using digital applications (Lucas et 
al., 2013; Sia et al., 2016), and there is an ongoing shift towards a cashless society 
(Arvidsson, 2019). In the music industry, the shift from physical recordings to digital 
files led to the free widespread sharing of commercial music online, resulting in a loss 
of control over products by industry players in the early 2000s (Dolata, 2020). 
 
For organisations, the adoption of digital technologies has led to the emergence of new 
business models, organisational processes, and practices (Lanzolla et al., 2020; 
Nambisan, 2017). Prior studies have found that digitalisation has led to more 
ecosystem-orientated and embedded organisations (Berman and Marshall, 2014). 
Multisided platforms have lowered the barriers to entry and blurred the boundaries 
between organisations and industries (Appio et al., 2021; Evans et al., 2006). In some 
industries, this shift has dramatically altered the competitive landscape, with 
established ‘predigital’ organisations finding their value propositions threatened by 
new ‘born digital’ entrants (Chanias et al., 2019). For instance, Tesla has disrupted 
traditional automobile companies with its ‘connected cars’ that receive updates similar 
to smartphones (Hess et al., 2016; Porter and Heppelmann, 2015). Similarly, e-
commerce giants like Amazon have posed significant challenges to traditional brick-
and-mortar retail (Lucas et al., 2013; Willems et al., 2017). Various professions have 
also found their identity and practices under threat (Richins et al., 2017). Traditional 
taxi drivers, for instance, now compete with gig workers using apps like Uber 
(Lanamäki et al., 2020). Even traditional sectors, such as law and finance, have seen 
their established practices and business models challenged as digital technologies 
change service delivery (Kronblad, 2020; Sund et al., 2021).  
 
In some industries, the effects of digitalisation are evident for both consumers and 
producers. For example, the manufacturing sector has introduced innovative products 
and services on the consumer side, such as connected cars and car sharing, although it 
perhaps gains the most benefits on the producer side through automated product 
development and production processes (Hess et al., 2016). In the energy sector, the 
end user has become increasingly involved in both energy production and 
consumption through the use of digital technologies (Adams et al., 2021; Geels et al., 
2021; Neska and Kowalska-Pyzalska, 2022). In other industries, such as healthcare, 
finance, and retail, the impact of digitalisation has been most visible on the consumer 
side (Dal Mas et al., 2023; Malar et al., 2019; Willems et al., 2017), while industries like 
mining, metals and other process industries have primarily felt its effects on the 
producer side (Aaldering and Song, 2021; Buck et al., 2023; Westergren and 
Holmström, 2012). 
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In consequence, digitalisation is associated with several potential outcomes. Given the 
possible implications in the individual, organisational, industry, and sector contexts, 
digitalisation has become a strategic priority for policymakers at regional, national and 
international levels (Legner et al., 2017). While previous studies have primarily focused 
on the impact at the organisational level (Cefis et al., 2023; Vial, 2019), scholars have 
called for more research examining the effects across multiple levels of analysis 
(Bodrožić and Adler, 2022; Dąbrowska et al., 2022; Faik et al., 2020; Nambisan et al., 
2019). This goes beyond the noticeable, near-time changes of digitalisation and 
includes changes in core institutional values, norms, and rules (Orlikowski and Scott, 
2023). 

2.3.  Summary of chapter 

To conclude this chapter, I wish to highlight four main points. First, the digital 
revolution, which began in the 1950s, set the stage for what we now refer to as (the 
current wave of) digitalisation. Second, due to the evolving nature of digital 
technologies and the interdisciplinary nature of digitalisation, there is no common 
agreement as to what digitalisation is or is not. In this thesis, I use digitalisation to 
refer to the sociotechnical processes of applying digital technologies and digital 
transformation to denote the significant changes caused by those processes. Third, 
digital technologies and artefacts exhibit several distinct properties, such as editability, 
interactivity, reprogrammability, and distributedness. These properties can be 
integrated into physical artefacts through what I refer to as processes of 
dematerialisation and rematerialisation. Finally, digitalisation has diverse outcomes 
across different levels of analysis, although the implications it has at the organisational 
level have received the most attention in the literature. In the following chapter, I will 
outline how I approached examining the implications of digitalisation on a system level 
of analysis. 
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3.  The sociotechnical system as a lens 
In this thesis, I use the concept of ‘sociotechnical systems’ as my analytical lens when 
studying digitalisation in the water sector. The large technical systems and 
sustainability transitions fields have well-recognised traditions of studying the 
processes and mechanisms of change in established sociotechnical systems such as 
water, energy, and transport (Hughes, 1987; Kaijser, 2005; Köhler et al., 2019; 
Markard et al., 2012). While digitalisation in these fields still represents a rather 
unexplored topic (Andersen et al., 2021; Sareen and Haarstad, 2021), they can make 
important contributions to a systemic understanding of digitalisation (Mouthaan et al., 
2023). In the following section, I first introduce the concept of sociotechnical systems 
and how they can be divided into three different, coevolving components. Thereafter, 
I present how we can understand the processes and outcomes of technology-based 
change in established sociotechnical systems. 

3.1.  Introducing sociotechnical systems 

The concept of sociotechnical systems is used within a wide range of research fields 
and may be applied to essentially all systemic entities comprising technical and social 
elements, from the level of society to an industry, firm, or product. This thesis draws 
upon studies primarily from the large technical systems and sustainability transitions 
literatures that have studied sociotechnical systems situated at the meso-level of 
society and restricted them to the fulfilment of a specific societal function (see e.g. 
Fuenfschilling and Binz, 2018; Geels, 2004b).3 While societal functions are not 
restricted to specific national sectoral settings, prior studies have often situated the 
systems in contexts such as ‘Dutch horticulture’ (Berkers and Geels, 2011) or the 
‘Australian water sector’ (Fuenfschilling and Truffer, 2016). However, the fulfilment of 
a societal function may be identified at the level of a specific sector as well as within a 
sector that comprises several interacting and/or competing sociotechnical systems. In 
consequence, drawing the system boundaries is contextual and depends on the inquiry 
at hand (Markard and Truffer, 2008; Meadowcroft, 2009; Raven and Verbong, 2009).  
 
In the 1980s, Hughes (1987, 1983) introduced the term ‘large technical systems’ to 
describe how infrastructure systems evolve and grow into large technical systems 
which not only include technologies but also social and cultural elements (i.e. 
sociotechnical systems). According to Hughes, the evolution of these systems follows 
three sequential phases. In the initial phase, the system is characterised by large 
investment needs and high uncertainty regarding future demands. As it reaches the 
expansion phase, the system has become established in an initial market and dominant 

 
3 This is not to be confused with the sociotechnical system as defined by the Tavistock Institute (see e.g. Trist et 
al., 1993), which is commonly applied in the information systems literature (see e.g. Sarker et al., 2019). 
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technologies and practices become institutionalised. When it eventually reaches the 
stagnation phase, after many years of evolution, the system becomes locked-in due to 
certain technological trajectories, actors with vested interests, and a highly 
institutionalised environment with established norms and expectations related to its 
function. In the mature stages of development, change and innovation tend to follow 
incremental and established trajectories (Hughes, 1987, 1983; Kaijser, 2005).  
 
While early studies mainly focused on the emergence and characteristics of these 
systems, later studies have come to study the processes and mechanisms of (radical) 
change in established sociotechnical systems. Today, this is a key concern for the 
‘sustainability transitions’ community (Köhler et al., 2019; Markard et al., 2012). These 
studies are often motivated by the need to diverge from unsustainable practices built 
into society, such as the shift from a fossil-based to a renewable energy system (see e.g. 
Bolton and Foxon, 2015; Geels, 2014). Prior studies have focused on both historical 
cases of transitions (see e.g. Geels, 2006, 2002) and how to accelerate transitions ‘in 
the making’ (see e.g. Giordano, 2015; Markard et al., 2020). In recent years, the focus 
has shifted from predominantly examining past transitions to paying greater attention 
to the role of actors, transition policies, and transition pathways (Hansmeier et al., 
2021). In this literature, fundamental change in established systems is often 
understood as coevolutionary, multidimensional and multiactor processes that unfold 
over long periods of time (Köhler et al., 2019). Over time, transition research has 
become an empirically broad and highly interdisciplinary field that engages scholars 
from a wide range of backgrounds such as psychology, sociology, geography, and 
political science (Köhler et al., 2019; Zolfagharian et al., 2019). 

3.2.  The components of sociotechnical systems 
While studies of sociotechnical systems often address the broader questions and study 
systems from a bird’s eye view (Zolfagharian et al., 2019), they also allow zooming in 
on specific aspects to understand the interplay between stability and change in 
established sociotechnical systems (Köhler et al., 2019). The sociotechnical system can 
be divided into three different, coevolving components: technologies and material 
artefacts, actors and their networks, and rules and institutions (Fuenfschilling and 
Truffer, 2016; Geels, 2004a; Malerba, 2002). Over time, the coevolution and 
coalignment of these components materialise into specific technologies, expectations 
and practices that contribute to the overall stability of the system.  

3.2.1.  Technologies and material artefacts 

The technical profile is one of the major factors influencing and shaping the structures, 
institutions, and actors in specific systems (Dolata, 2009). The technical profile usually 
evolves over time, during which the dominant technologies and material artefacts 
create a material selection environment. Some systems largely revolve around one 
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central technology that is vital for the fulfilment of societal functions, such as cars or 
bikes in transport systems (Geels, 2018). While they rely on complementary 
technologies to fulfil their functionality, it is possible to distinguish between ‘core’ and 
‘peripheral’ technologies (Henderson and Clark, 1990). Other systems rely on multiple 
technologies to fulfil their functions. For instance, greenhouse horticulture or retail 
systems often require multiple core technologies to fulfil their function (Berkers and 
Geels, 2011). In these cases, no single ‘core’ technology dominates or characterises 
these systems. 

In addition, ‘tightly’ and ‘loosely’ coupled large technical systems can be distinguished 
(Hughes, 1983; Mayntz and Hughes, 1988). A tightly coupled system has strong 
technical and institutional connections between system components and subsystems, 
and it is designed for specific system purposes, such as distributing water. If one 
component fails or breaks down, it can cause the whole system to collapse. Thus, such 
systems are often characterised by centralisation, standardisation, and top-down 
perspectives. For instance, the railroad system is a typical example of a tightly coupled 
system in which the system components are strongly interlinked and it is difficult to 
use the system for other purposes. In comparison, systems such as sea transport can 
be understood as a loosely coupled system that consists of several independent 
components. This loosely coupled nature allows for greater flexibility in terms of how 
and by whom the system is used. Such a system allows for modular innovation or 
replacements of components without calling for synchronised changes in other 
components (Sanchez and Mahoney, 1996). 

3.2.2.  Actors and their networks 

Apart from technologies and material artefacts, a sociotechnical system consists of a 
broad range of actors and networks that constitute and maintain the system. Actors 
can be organisations such as firms, public authorities, associations, and research 
institutes, as well as individuals or groups such as social movements, consumers, and 
civil society. The resources, strategies, and capabilities of these actors have an impact 
on the system as a whole (Farla et al., 2012). However, no single actor has sufficient 
resources to solely coordinate the system but the system is maintained and developed 
through the interaction of interdependent system members (Smith et al., 2005). As 
such, the actors and their social networks represent the ‘organisational capital’ of the 
system (Raven and Verbong, 2009). 
 
However, system membership is neither homogenous nor clearly bounded (Smith et 
al., 2005). Actors belonging to one sociotechnical system can also belong to others. For 
instance, large international firms often influence multiple systems that serve various 
societal functions (van Mossel et al., 2018). In simpler terms, all actors who contribute 
to fulfilling the function of a system are members of that system (Smith et al., 2005). 
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However, similar to the differentiation between core and peripheral technologies, it is 
also possible to differentiate between core and peripheral actors (Fuenfschilling and 
Binz, 2018; Smith et al., 2005). Actors who contribute significantly to the fulfilment of 
the systems are core actors, while less involved actors are peripheral actors. As such, 
power is not equally distributed among the actors. Various actors have different 
resource bases, such as capital and knowledge, and different opportunities available 
for realising their purposes and intentions, which can create power struggles and 
conflicts within the system (Geels, 2004a). Consequently, power becomes a question 
about dominant narratives and the representation of problems and solutions at hand 
(Smith et al., 2005). To study the role of actors in transitions, scholars have drawn from 
various theoretical streams within the organisational literature, for instance 
institutional theory and the resource-based view (van Mossel et al., 2018). 

3.2.3.  Rules and institutions 

The stability of sociotechnical systems is often attributed to the presence of a highly 
institutionalised set of formal and informal rules (Geels, 2004a, 2002). These rules 
emerge over time and are socially and technologically embedded in the system, where 
they are codified into specific routines, practices, standards, and technologies 
(Fuenfschilling and Binz, 2018). For instance, technological development reaches 
‘closure’ and stabilisation when influential actors perceive that a specific problem has 
been resolved, thereby concluding the discussion on alternative designs and 
establishing standards and expectations (Pinch and Bijker, 1987). These rules cover 
what in institutional theory is called ‘institutions’ (Scott, 1995), which are enforced 
through ‘isomorphic processes’ that pressure actors to conform to these rules 
(DiMaggio and Powell, 1983). As such, actors tend to follow these rules since it is 
perceived as ‘the normal thing to do’ (Fuenfschilling and Binz, 2018), and they thus 
implement and reinforce them through their practices (Geels, 2005b). As a 
consequence, they enhance some behaviours while hindering others. The dominant 
rules or institutions that guide the design and operation of the system in question are 
sometimes conceptualised as the system’s ‘sociotechnical regime’ (Geels, 2002; Rip 
and Kemp, 1998).4  
 
However, depending on where the system boundaries are drawn, a system may be 
characterised by one or multiple dominant ‘rule sets’ or regimes. To illustrate this 
point, van Welie et al. (2018) made a distinction between a ‘service’ and a ‘sector’ 
regime. A service regime represents the institutionalised rule set that guides the 
provision of certain services, such as automobility and wind power. In contrast, a sector 

 
4 The definition of the ‘sociotechnical regime’ is not homogenous and the concept is used differently by scholars. 
While some scholars have included material artefacts in the regime concept (see e.g. Hoogma et al., 2002; Rip and 
Kemp, 1998), others have conceptualised it purely in institutional terms (see e.g. Fuenfschilling and Truffer, 2014; 
Geels, 2004a). In this thesis, I am using the institutional definition since I regard the regime as part of the 
sociotechnical system.  
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regime takes on a broader perspective and covers the provision of societal functions, 
such as transport or food. One example of this is the personal mobility regime that 
comprises several more or less aligned service regimes such as automobility, public 
transport, and bicycles. Accordingly, van Welie et al. (2018) identified four different 
sector regime configurations: (1) monolithic sector regimes constituting one dominant 
service regime, (2) polycentric sector regimes constituting several well-aligned services 
regimes, (3) fragmented sector regimes constituting several misaligned service 
regimes, and (4) splintered sector regimes constituting several service regimes that are 
partially aligned internally. This illustrates that the rule set that guides the actions of 
actors can be more or less aligned within a sociotechnical system (Fuenfschilling, 2019; 
Fuenfschilling and Truffer, 2014; Helgegren et al., 2021). 

3.3.  Technology-based change in sociotechnical systems 

Processes of (even radical) change unfold over time and are often characterised by 
several and mostly gradual changes to the system (Dolata, 2009). Due to the stability 
of mature sociotechnical systems, innovation tends to follow incremental and path 
dependent trajectories (Geels, 2002; Markard and Truffer, 2008). Radical change is 
often attributed to external events, such as macroeconomic or geopolitical changes, 
that open up a window of opportunity for new technologies to break through (Geels 
and Schot, 2007; Smith et al., 2005). However, technology-based change can also be 
attributed to the internal and gradual changes within a sociotechnical system (Dolata, 
2009; Geels et al., 2016; Genus and Coles, 2008). In particular, multipurpose 
technologies, such as digital technologies, impact various sociotechnical systems in 
distinguishable ways depending on the transformative capacity of the new technologies 
themselves and the adaptability of the existing system at hand (Dolata, 2009). For 
instance, the introduction of the Internet has had a significantly larger impact thus far 
on the music industry compared to the automotive industry (Dolata, 2020). Therefore, 
technologies that in one setting have a sustaining and supplementary role can be 
disruptive and call for radical adjustments in others.  

3.3.1.  The transformative capacity of new technologies 

The first influential factor is the transformative capacity of new technologies. Specific 
technologies are often at the heart of the transformation of sociotechnical systems (Rip 
and Kemp, 1998). To render the transformative capacity of these technologies, both 
the origin and the effects of the technologies can be considered (Dolata, 2009).  
 
The origin of technologies distinguishes between technologies primarily developed 
within the focal system (i.e. internal technology) and technologies that originate 
outside the system that uses them (i.e. external technology), depending on where the 
system boundaries are drawn. For instance, some industries such as pharmaceutical, 
automotive, and energy are characterised by a high level of innovative activity 
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(Malerba, 2004). In these settings, new technologies may derive from internal 
processes, such as biotechnologies, or the development in external sectors, such as 
information and communication technologies. Other industries, such as the media or 
finance, primarily rely on external technologies and adapt them through processes of 
coinvention (Goldfarb, 2005). As a result, differentiating between internal and external 
technologies can locate the internal or external drivers of change (Dolata, 2009). 

The effects of technology distinguish between technologies that exert direct and 
disruptive pressures (i.e. high transformative capacity) or have an indirect and 
incremental effect on the established system (i.e. low transformative capacity). The 
disruptive or symbiotic nature of new technologies depends not only on their technical 
characteristics but also on how well they align with the structures and expectations of 
the established system (Geels et al., 2016). The introduction of new technologies that 
do not fit the existing system can cause mismatching, irritation, and a need for actions 
beyond established norms and rules. In the innovation literature, many studies have 
focused on the introduction of single technologies that disrupt the current system by 
substituting core technologies (see e.g. Anderson and Tushman, 1990; Christensen, 
1997; Schumpeter, 1976). There are numerous examples of historical substitutions, 
such as the shift from horse-drawn carriages to automobiles for personal 
transportation, and ongoing substitutions, such as the shift from combustion to electric 
engines in the automobile industry. However, the transformative capacity can also 
come from the impact of multiple and, at first sight, incremental technological changes. 
For instance, Henderson and Clark (1990) describe how the replacement of internal 
components of a product (‘modular innovation’) over time can trigger changes in the 
linkages between components (‘architectural innovation’), thus radically transforming 
the product. Similarly, Arthur (2009) argues that technological change does not only 
occur through internal replacement (similar to modular innovation) but also through 
successive add-ons, or ‘structural deepening’, which can cause considerable change 
and increased complexity over time. In consequence, changes that initially appear 
incremental can result in significant changes over time. Similar patterns apply for large 
technical systems, ‘writ large’ (Geels, 2004b).  

New technologies can thus emerge from either internal or external processes of the 
system, and exert either direct and disruptive or indirect and incremental pressures on 
the system at hand. However, the transformative capacity of technologies is a relational 
category that depends on both the characteristics of the technologies and the system at 
hand (Geels, 2002; Rip and Kemp, 1998). 

3.3.2.  The adaptability of existing systems 

The second influential factor is the adaptability of the sociotechnical system itself. 
While some systems are characterised by a higher degree of openness and flexibility 
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(i.e. high adaptability), others are more inclined towards stability and persistence (i.e. 
low adaptability) (Dolata, 2009). 
 
For instance, infrastructure sectors are usually perceived as less flexible due to the 
infrastructure systems that create path dependencies and lock-ins (Loorbach et al., 
2010; Markard, 2011). Once infrastructure systems are built, development tends to 
follow established trajectories due to the considerable vested interests and the 
significant costs involved in building new infrastructure (Azar and Sandén, 2011; 
Huétink et al., 2010). Similarly, systems dominated by a few incumbent actors tend to 
be less inclined to change. In the literature, incumbent actors are often seen as the 
‘villains’ who resist change while new entrants are the vanguard who bring novelty and 
change (Geels, 2002; Lee and Hess, 2019). However, this view has been challenged by 
a number of studies that have shown that incumbent actors can also initiate and drive 
change (see e.g. Bergek et al., 2013; Berggren et al., 2015; Steen and Weaver, 2017). In 
addition, systems with highly institutionalised environments are less inclined to adopt 
new technologies that break with established norms and regulations (Binz et al., 2016; 
Rogers et al., 2015). However, systems characterised by weaker or multiple regimes, 
which in institutional theory terminology represent institutional plurality or 
complexity (Greenwood et al., 2008; Vermeulen et al., 2016), are open to a greater 
variety of responses by the core actors of the system (Fuenfschilling, 2019; 
Fuenfschilling and Truffer, 2014).  
 
As such, systems with a high degree of adaptability possess internal mechanisms that 
facilitate processes that are path deviant, which allows for the early awareness and 
adoption of new technologies. These systems are often characterised by a strong focus 
on competition, innovation, and experimentation (Dolata, 2009). On the other hand, 
systems with a low degree of adaptability display transformation-resistant path 
dependency. In this case, internal mechanisms that enable and promote path deviance 
are missing. Instead, conservatism at the system and actor levels may impede the early 
adoption of new technologies (ibid). 

3.3.3.  Transition pathways 

In turn, the internal responses to technological change can create different transition 
pathways (Dolata, 2011; Geels et al., 2016). Following the typology presented by Geels 
and Schot (2007) and Geels et al. (2016), four types of transition pathways have been 
identified: substitution, transformation, reconfiguration, and dealignment and 
realignment. Since change is constantly enacted and disputed among actors, the 
transition may shift between various pathways (Geels et al., 2016). While Geels and 
Schot (2007) and Geels et al. (2016) used the pathway typology to conceptualise change 
of the sociotechnical regime, i.e. the representation of the dominant sociotechnical 
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system at a given time and place, this thesis uses it to describe the potential outcome 
of change in a particular sociotechnical system. 
 
Following the local logic of the pathway typology (Geels et al., 2016)5, the more 
disruptive modes of change are represented by the ‘substitution’ and ‘dealignment and 
realignment’ pathways. In these cases, core technologies and material artefacts are 
replaced by new technologies either through the introduction of new disruptive 
technologies that ‘overthrow’ established technologies (i.e. ‘substitution’) or through 
the decline of old technologies, which opens up the possibility for new technologies to 
break through (i.e. ‘dealignment and realignment’). Consequently, it can represent a 
situation of ‘competence destroying’ since knowledge related to existing technologies 
becomes obsolete (Tushman and Anderson, 1986). In both these scenarios, the 
established actors may be replaced by new actors. Similarly, institutional change may 
go from being limited to substantial depending on whether the new technologies either 
conform to or transform the institutional environment.  
 
In contrast, the ‘transformation’ and ‘reconfiguration’ pathways represent scenarios in 
which the technical component of the system is impacted by either incremental 
improvements, add-ons that enable new functions and combinations of technology, or 
a reorientation towards new technologies. As such, they represent situations of 
‘competence enhancing’ or ‘competence expanding’ rather than competence 
destroying (Geels, 2006; Tushman and Anderson, 1986). While the transformation 
and reconfiguration pathways follow similar patterns in the early stages, the combined 
impact of new technologies can have broader knock-on effects on a sociotechnical 
system, as illustrated by the transformation of Dutch horticulture in the late 20th 
century (Berkers and Geels, 2011). The reconfiguration pathway thus represents a 
situation in which initial modular innovations can come to transform the system’s 
architecture (Henderson and Clark, 1990). Both transformation and reconfiguration 
pathways involve a reorientation of established actors, such as new alliances between 
incumbents and new entrants, as well as limited to substantial institutional change. 

3.3.4.  Narratives of empowerment 

The transition pathway typology illustrates how transition processes can take various 
pathways with different outcomes for the system at large. However, applying the 
transition pathway typology is mostly applicable when studying past transitions, when 

 
5 The paper by Geels and Schot (2007) focuses primarily on external enactments of the transition pathways 
typology. In contrast, Geels et al (2016) focus on internal enactment, i.e. following the ‘local’ logic. In this thesis, I 
mainly draw on the second approach.  
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the outcome for the system at large is known.6 In this thesis, digitalisation is an ongoing 
development wherein the outcome is yet to be known. 
 
Nevertheless, the expectations surrounding new technologies influence the narratives 
actors construct to support their implementation and usage. As suggested by Smith 
and Raven (2012), it is possible to distinguish between situations in which new 
technologies are expected to adapt to the system at hand, ‘fit and conform’, or trigger 
processes of change favourable to the technology itself, ‘stretch and transform’. 
Following the first scenario, new technologies become competitive by adapting to the 
existing system without demanding radical changes. In contrast, the second scenario 
represents a situation where the new technologies become competitive by reshaping 
the systems to better accommodate their usage. 
 
To understand these processes, studies of institutional change have emphasised the 
importance of discourse strategies and narratives. For instance, discourses can 
underpin both the stability and change of institutions (Phillips et al., 2004) and 
illustrate how actors make sense of the present and envision alternative futures (Garud 
et al., 2010; Hardy and Maguire, 2010). In practice, diverse and competing narratives 
are likely to exist wherein different actors have different opportunities to endorse 
various narratives. However, narratives that empower the usage of new technologies 
usually have three overarching themes (Smith and Raven, 2012). First, they envision a 
positive future in which the new technologies are intertwined. Second, they make 
claims about the new technologies’ fit with the existing system, i.e. fit and conform or 
stretch and transform. Third, they point to challenges in the existing system for which 
the new technologies are part of the solution. In the end, the narratives that dominate 
the discourse can have a significant impact on the pathways and outcome of the system 
at large. 

3.4.  Summary of chapter 
In summary, my analysis and discussion in Chapter 7 build on four main theoretical 
assumptions presented in this chapter. First, I assume that I can conceptualise the 
infrastructure systems of the water sector as sociotechnical systems (which I refer to 
as urban water systems), consisting of three different coevolving components: 
technologies and material artefacts, actors and networks, and rules and institutions 
(Fuenfschilling and Truffer, 2016; Geels, 2004a; Malerba, 2002). The coevolution of 
these components defines and impacts the interplay between stability and change in 
the system. Second, I posit that the impact of digitalisation depends on the combined 
influence of (1) the transformative capacity of digital technologies, and (2) the 

 
6 However, the definition of transitions is not unproblematic, for instance in terms of the start and the end point of 
transitions (Genus and Coles, 2008). Even past transitions can be interpreted differently depending on the 
researcher's choices (such as how they define the events marking the beginning of the transition). 



 
 

22 

adaptability of the system under inquiry (see Dolata, 2009). Following the discussion 
in Chapter 2, digital technologies are generally associated with high transformative 
capacity due to their distinct properties, such as editability, interactivity, 
reprogrammability, and distributedness (Kallinikos et al., 2013). The general 
adaptability of urban water systems is discussed in Chapter 4. Third, I propose that the 
transformative impact of digitalisation can take various shapes and forms, as 
illustrated by the pathway typology (see Geels et al., 2016; Geels and Schot, 2007). 
Finally, I assume that the narratives we use to empower new technologies can have a 
significant impact on the outcome of the system at large (see Smith and Raven, 2012).  
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4.  Urban water systems 
The empirical point of departure for this thesis is the Swedish water sector, which is 
responsible for providing society with urban water services such as potable water, 
sewerage, and drainage. Inspired by the literature on large technical systems and 
sustainability transitions, I conceptualised the infrastructure systems of the water 
sector as sociotechnical systems, henceforth referred to as urban water systems. 
Similar to prior studies (see e.g. Fuenfschilling and Truffer, 2016; Geels, 2006; Hacker 
and Binz, 2021), I situate these systems at the meso-level of society and restrict them 
to the fulfilment of a specific societal function, which is the provision of urban water 
services. However, following the geographical dispersal of the infrastructure systems, 
I draw the system boundaries at the local rather than national level. In the following 
section, I depict urban water systems based on the characterises of the Swedish 
context. While this context is similar to that of many high-income countries around the 
world, low- and middle-income countries may have a more varied system 
characteristics (see e.g. Helgegren et al., 2021; Kooy and Bakker, 2008). Thereafter, I 
briefly discuss the interplay between stability and change in established urban water 
systems. 

4.1.  Depicting urban water systems 

A paper by Wynne (1988) illustrated how social expectations are built into technical 
systems. In the 1970s, a new water-transfer tunnel was built in the British city of 
Lancashire to facilitate an expected increase in water demand following the industrial 
and residential growth of the area. At the time of its construction, they expected the 
tunnel to be used continuously and at full capacity. A decade later, however, Lancashire 
had entered an economic depression and the anticipated increase in water demand 
never occurred. Instead, the tunnel became over-dimensioned for the actual need and 
was only used occasionally. The stagnant water allowed a large void develop, which 
later resulted in severe accidents occurring due to a major methane explosion, known 
as the Abbeystead disaster (see e.g. BBC, 2014). In this case, the once relevant 
assumptions regarding the socioeconomic growth of the area no longer applied. 
Nevertheless, these assumptions were built into the technical systems and defined the 
‘normal’ conditions for operation. This example illustrates how technical systems are 
not only about technology but also social expectations and norms, thus forming the 
sociotechnical component of urban water systems (Orlikowski, 1992; Wynne, 1988). 

4.1.1.  Technologies and material artefacts 

In Sweden, as in many other high-income countries, the public provision of urban 
water services began in the late 19th century (Blomkvist, 2023; Söderholm, 2013). At 
that time, treatment plants and piped networks to distribute and collect water were 



 
 

24 

built to support firefighting and manage growing health and sanitation issues in urban 
areas (Blomkvist, 2023; Geels, 2005a; Hamlin, 2009). Over time, these assets 
expanded and developed into large and complex technical systems relying on multiple 
core technologies to function. In Sweden, these systems rapidly expanded from the 
1950s onwards following a municipal reform that merged and reduced the number of 
municipalities responsible for the provision of urban water services from 
approximately 2,500 to 1,000 (Blomkvist, 2023). Today, Sweden consists of 290 
municipalities responsible for providing these services. 
 
Urban water systems are largely defined by their technical systems, which in turn form 
the technical component of the sociotechnical system. These systems can vary in size, 
but they often include the same types of subsystems: (1) a water source (e.g., a river, 
groundwater aquifer, reservoir, or lake), (2) a water treatment facility, (3) a water 
distribution network, (4) a wastewater collection network, and (5) a wastewater 
treatment facility, all of which together create a 'local water cycle'. The treatment plants 
at the beginning and end of these systems are process plants where water is treated 
before being distributed to customers or returned to a water source. The water and 
wastewater distribution and collection networks, on the other hand, are geographically 
dispersed underground systems. They consist of physical assets such as pipes, storage 
tanks, pumps, valves, and sewers. Therefore, large components of the technical 
systems and their assets are concealed from sight (Alm et al., 2021; Fishman, 2011).  
 
Similar to other infrastructure systems, the technical systems of urban water systems 
thus represent ‘tightly coupled systems’ (see Hughes, 1983; Mayntz and Hughes, 1988). 
These technical systems have a networked character wherein the different 
components, such as treatment plants, are connected through links, such as pipes 
(Loorbach et al., 2010). As a result, this creates inflexibility in the system so that it is 
difficult to use it for purposes other than those for which it was originally designed 
(compared to, for instance, road systems that allow for various modes of transportation 
in the same system). Changes to or failures of one component in the system can impact 
the system as a whole. Consequently, these systems are often characterised by large-
scale and centralised control, with an emphasis on a highly engineered and linear 
output design. The technical systems are built for efficiency and control, and operated 
by a technical elite (Brown et al., 2011). However, the geographical dispersal of the 
systems is often limited in comparison to other infrastructure systems. For instance, 
while the electricity system today spans national and sometimes international borders, 
the benefits of distributing and collecting water through piped systems over large 
distances are currently limited. Instead, the technical systems are often organised on a 
local or regional level, covering delimited geographical areas. 
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4.1.2.  Actors and their networks 

In turn, urban water systems consist of a wide range of actors and networks. These 
include, among others, water utilities, equipment suppliers, biological and chemical 
treatment manufacturers, consultants, regulators, government ministries and 
authorities, trade and industry associations, education and training institutions, 
households, and other water users. Together, they contribute to upholding the 
sociotechnical system and successfully providing urban water services (Fuenfschilling 
and Binz, 2018; Fuenfschilling and Truffer, 2016; Smith et al., 2005).  
 
Nonetheless, these actors are not equally important or influential (Smith et al., 2005). 
For instance, regulators and government ministries play a crucial role in establishing 
the regulatory and legal framework for urban water services. In the Swedish context, a 
number of different authorities govern the legislation and rules that impact the 
provision of these services (Blomkvist, 2023). Households, on the other hand, are 
central since they create a daily demand for urban water services and are the main 
source of revenues for water utilities. Although households are rarely involved in 
shaping the rules or operation of these services, they still must be accommodated when 
implementing novel solutions (see e.g. Binz et al., 2016; Hurlimann and Dolnicar, 
2010). In contrast, equipment suppliers are often actors that operate across national 
and sectoral boundaries. The global water sector is dominated by relatively few 
multinational product manufacturers, consulting firms, and other actors, who 
represent ‘global actors’ that maintain the sociotechnical systems (Fuenfschilling and 
Binz, 2018).   
 
The core actors, however, are the water utilities (Kiparsky et al., 2016; Lieberherr and 
Truffer, 2015; Smith et al., 2005). As the builders, operators, and owners of the 
technical systems, water utilities have a central role in maintaining the daily operations 
and evolution of the systems. Traditional urban water management often revolves 
around rational planning and trade-offs between costs, risks, and benefits (Brown et 
al., 2011). Utilities make key investment decisions that have a long-lasting impact on 
the system based on the technical durability of the physical assets. As a result, utilities 
are important ‘gate-keepers for the introduction of any novelty in the sector’ 
(Lieberherr and Truffer, 2015, p. 102). In general, water utilities operate as public or 
private actors under various forms of public governance (Fuenfschilling and Binz, 
2018; Lieberherr and Truffer, 2015; Markard, 2011). While there has been a shift from 
traditional engineering-orientated and public utilities toward more commercial and 
customer-oriented and private utilities (Lieberherr and Truffer, 2015; Tutusaus et al., 
2018), most utilities operate in monopolistic markets where the customer base is 
determined by the geographical location. As illustrated in previous studies, market 
competition is hard to achieve even when utilities operate as private actors (Mukherjee 
and Jensen, 2022). In the Swedish context, water utilities operate as public, non-profit 
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organisations under municipal responsibility. This has been the case since the late 19th 
century, when there was a strong discourse advocating for public ownership, in 
contrast to the private ownership prevalent in the UK, from which many ideas about 
urban water management were adopted at the time (Blomkvist, 2023). 

4.1.3.  Rules and institutions 

Urban water systems are generally regarded as highly institutionalised systems (see 
e.g. Fuenfschilling and Binz, 2018; Fuenfschilling and Truffer, 2014). Due to their long 
technical history, formal and informal rules have evolved and matured over time, 
resulting in a dominant logic of large-scale, centralised technical systems focused on 
reliability and stability (Brown et al., 2011; Fuenfschilling and Binz, 2018; Smith et al., 
2005). This 'rule set' is preserved not only within the legal environment but also 
through social norms and expectations that have developed over decades. The 
provision of urban water services is strictly regulated, and utilities in the Swedish 
context are responsible for the entire local water cycle by law. While this responsibility 
only applies to those areas where it is motivated by environmental or health reasons, 
almost 90 per cent of the Swedish population relies on the public provision of urban 
water services today (SCB, 2021). This ‘piped paradigm’ was originally motivated by 
the attempt to solve health and sanitation issues, but it later expanded to include 
environmental concerns, pollution control, and sustainable resource use (Blomkvist, 
2023; Söderholm, 2013). Over time, the technical systems reached a point of 
‘technological closure’ (see Pinch and Bijker, 1987), wherein the central actors perceive 
the existing ways of providing urban water services as adequate to meet societal needs 
(Blomkvist, 2023; Nilsson, 2016).  
 
This dominance is visible in both national and global contexts. National water sectors 
are often dominated by one type of sociotechnical system, in comparison to other 
sectoral systems that constitute several different sociotechnical systems with their own 
institutionalised rationalities, such as automobile, railway, and bike systems in the 
transport sector. Thus, urban water systems in high-income countries, such as Sweden, 
Switzerland, and the Netherlands, often fall under a ‘monolithic sector regime’ 
dominated by one type of sociotechnical system (van Welie et al., 2018). Moreover, the 
underlying rationale is strikingly similar across the globe. Even though the local 
governance models and regulatory environment may differ, it is possible to identify a 
‘global water regime’ under which the dominant logic is diffused through global actors 
and networks (Fuenfschilling and Binz, 2018; Lieberherr and Truffer, 2015). Even in 
low- and middle-income countries, ‘Northern style’ systems have become closely 
linked to ideals of modernity and progress (Nilsson, 2016). 
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4.2.  Stability and change in urban water systems 

Innovation in urban water systems can take several forms, including the introduction 
of new technologies (e.g. desalination plants and source separation), new management 
practices (e.g. business model innovation or collaborations), and techniques that 
enhance the efficiency of existing systems (e.g. sensors or analytical tools) (Kiparsky et 
al., 2013; Wehn and Montalvo, 2018). Technical and non-technical innovations are 
often adopted and dependent on the activities of other industries, such as information 
and communication technology, construction, and specialised equipment (Wehn and 
Montalvo, 2018). While many studies focus on technological innovation, 
corresponding changes are also needed regarding the political, cultural, economic, and 
social factors (Bos and Brown, 2012; Kiparsky et al., 2013). For instance, Sousa-Zomer 
and Cauchick (2018) studied decentralised technologies for drinking water and 
demonstrated that technological advancements also require complementary changes 
in business models to support the adoption of new technologies. 

Nevertheless, urban water systems are often deemed unable to implement radical 
change. In general, the water sector is sometimes seen as ‘less innovative’ compared to 
other sectors (Brown et al., 2011; Markard, 2011), an assumption that is also made in 
the academic literature, which generally lacks studies regarding innovation dynamics 
in the water context (Wehn and Montalvo, 2018). Similar to other mature 
sociotechnical systems, urban water systems are characterised by path dependencies 
and lock-ins. First, the technical component of the sociotechnical system comprises 
large technical systems with long technical durability and capital-intensive assets. 
Given the criticality of these services, the technical systems tend to be ‘over-engineered’ 
and offer few incentives for change as long as they work (Alm et al., 2021; Tutusaus et 
al., 2018). In consequence, it is usually not until the (re)construction of new technical 
systems and assets that innovation may be introduced in these systems (Giordano, 
2015; Steinhilber et al., 2013). For instance, even though Sweden has pioneered 
resource-oriented solutions in sanitation, many of these attempts failed due to the 
inertia found in the established systems (Blomkvist, 2023). Second, previous studies 
have shown that both public and private water utilities suffer from a general 
‘innovation deficit’ (see e.g. Kiparsky et al., 2016, 2013; Krozer et al., 2010). Due to 
their public mandate, their primary mission is to deliver safe and reliable services 
rather than innovate or maximise profits (Hartley, 2005; La Porte, 1996). 
Furthermore, budget restrictions, risk aversion, and regulatory compliance create 
significant barriers towards change (Kiparsky et al., 2016). Lastly, it has proven 
difficult to introduce innovations that deviate from the institutionalised environment 
(Binz et al., 2016), or to phase out technologies or practices that belong to the current 
one (Novalia et al., 2022). As illustrated by Binz et al (2016), the introduction and 
legitimisation of potable water reuse in Southern California required significant work 
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due to the strong social stigma associated with sewerage (what they called the ‘yuck 
factor’). 

Instead, innovation within these systems tends to follow incremental and established 
trajectories (Loorbach et al., 2010; Markard, 2011). In general, the stability and 
predictability of urban water systems are important for investments, planning, and, to 
a certain degree, the functioning of society at large (Loorbach et al., 2010). However, 
some argue that more encompassing changes are needed to meet current and future 
challenges in urban water management (see e.g. Brown et al., 2011; de Graaf and der 
Brugge, 2010; Ferguson et al., 2013b; Hoffmann et al., 2020). The benefits of 
traditional centralised systems are being re-examined following extreme weather 
events, urbanisation, decaying water assets, and other socioeconomic trends (Brown 
et al., 2011; Daigger, 2009; Wehn and Montalvo, 2018). Consequently, shifting 
narratives and perceptions of water-related challenges may come to drive change (see 
e.g. Brown et al., 2013; Brugge and Rotmans, 2007). As suggested by the transition 
literature, growing problems and crises within the existing systems can present a 
window of opportunity for (radical) change (Geels, 2002; Geels and Schot, 2007). For 
instance, water-stressed regions such as Australia have witnessed several changes to 
urban water management over the years (see e.g. Abbott et al., 2012; Fuenfschilling 
and Truffer, 2016; Hodge and McCallum, 2017). However, the Swedish context 
generally represents a stable environment wherein water is neither politically 
contested (cf. Bernauer and Böhmelt, 2020; Godinez Madrigal et al., 2024; Nilsson, 
2016) nor a scarce resource (cf. Famiglietti, 2014; Mekonnen and Hoekstra, 2016).  

4.3.  Summary of chapter 

In this chapter, I have depicted urban water systems based on the characteristics of the 
Swedish context. The urban water systems are largely defined by the technical systems 
with capital-intense assets and long-term technical durability, managed by public and 
non-profit water utilities with a public mandate to provide safe and reliable services, 
and operate in a highly institutionalised environment. Therefore, the urban water 
systems in Sweden represent both mature and stable sociotechnical systems wherein 
change tends to follow incremental and established trajectories. Consequently, the 
urban water systems are inclined towards stability and persistence, in other words, 
they represent what Dolata (2009) would refer to as systems with ‘low adaptability’. In 
Chapter 7, I will return to what the ‘high transformative capacity’ of digital technologies 
and the ‘low adaptability’ of urban water systems imply for digitalisation in urban 
water systems. 
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5.  Research process and methodology 
This thesis has an explorative character, guided primarily by the empirical 
phenomenon rather than a theoretical inquiry. In the following section, I first present 
a general reflection of my research journey and the factors that impacted my overall 
research process. Thereafter, I present a general overview of the two main studies upon 
which this thesis is based and how they contributed to the development of each paper. 
Finally, I present a brief discussion of the methodological considerations and 
limitations of this thesis. The overall aim of this section is to provide a general overview 
of the research process and methodology, which is complemented by the methodology 
sections in each paper. 

5.1.  Reflections on my research journey 

When I started my doctoral studies in September 2019, I joined an established project 
that was part of the Swedish research programme Mistra InfraMaint, funded by the 
Swedish Foundation for Strategic Environmental Research (Mistra). Mistra 
InfraMaint focuses on smart maintenance of municipal infrastructures and aims to 
contribute to ‘a sustainable infrastructure that is safe and available around the clock’. 
‘Smart’, in this case, refers to the use of new digital technologies as well as efficient and 
novel methods for the maintenance and operation of infrastructure systems. The 
programme involves multiple universities, research institutes, companies, and 
municipal organisations, with the latter having a central role as one of the main 
stakeholders of the programme. The programme thus aims to anchor its research on 
the actual needs of municipalities and actively engage with its stakeholders. For 
instance, several events are organised, such as webinars, conferences, and field visits, 
during which practitioners and scholars can meet and engage in discussions. In 
addition, several activities specifically designed for doctoral students are organised, 
such as research schools and various meetings. Several of these students are industrial 
doctoral students working in municipal organisations. The programme has a budget of 
174 million SEK and consists of more than 40 projects focusing on various aspects of 
digitalisation, infrastructure, and maintenance. My research project represents Project 
2.1, which is part of the initial phase of Mistra InfraMaint that has now entered its 
second phase. 
 
Consequently, the departure point of my thesis was to address a technological trend 
(i.e. digitalisation) within a given context (i.e. water) rather than a theoretical inquiry, 
which led me to use an ‘exploratory approach’ throughout the research process (Yin, 
2018). As suggested by previous scholars, studying digitalisation calls for problem and 
phenomenon driven research (Bailey et al., 2022; Benner and Tushman, 2015; 
Gkeredakis and Constantinides, 2019; von Krogh, 2018). The aim of problem and 
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phenomenon driven research is not primarily to address a theoretical gap but rather to 
investigate and seek explanations for an ‘empirical puzzle’ of interest for scholars and 
practitioners alike (Schwarz and Stensaker, 2016). For instance, Siggelkow (2007) 
used the metaphor of a ‘talking pig’ to describe a phenomenon that sparks the interest 
of scholars due to its uniqueness. In this thesis, my empirical puzzle largely revolved 
around the contrasting narratives associated with digitalisation and water. While 
digitalisation is described using terms such as ‘disruption’, ‘radical’, and ‘inevitable’, 
the water sector is often associated with terms such as ‘conservative’, ‘stable’, and 
‘inert’. However, these two descriptions paint contradicting images. Either the water 
sector is not as conservative as it is usually perceived, or digitalisation is not as 
disruptive as it is often depicted. Given (to this point) the moderate impact of 
digitalisation in the water sector, I began by questioning some of the assumptions 
associated with digitalisation. I asked myself questions such as why the impact has, in 
comparison to other contexts, only been moderate to this point, how these differences 
can be explained, and whether it is possible that we are witnessing a type of 
transformation, however different in scope and nature? 
 
Inspired by problem and phenomenon driven research, I started ‘with the problem 
first and theory second, as opposed to the other way around’ (Doh, 2015, p. 609). 
Following this approach, the role of theory is either to (1) develop completely new 
theories rather than testing or expanding existing ones, (2) use existing theories to 
frame the phenomenon and research questions at hand, or (3) substantiate empirical 
claims with theoretical explanations (Schwarz and Stensaker, 2016; von Krogh et al., 
2012). In this thesis, I used existing theories to inform and build an understanding of 
the empirical phenomenon I was studying (i.e. digitalisation in the water sector). 
Borrowing theories and ideas from one academic field and applying them to another is 
a common practice that enables novel insights to emerge (Jaakkola, 2020; Lukka and 
Vinnari, 2014). For instance, information systems scholars have adopted institutional 
theory from organisation studies to analyse the impact of digitalisation (see e.g. 
Burton-Jones et al., 2020; Hinings et al., 2018; Oborn et al., 2021). While I did not 
have any theoretical preferences at the outset, I quickly became familiar with the 
broader sustainability transitions literature which revolves around the interplay 
between stability and change in sociotechnical systems, such as water and energy. Even 
though my individual papers use various theoretical perspectives, which apply 
different ‘method theories’ or ‘theoretical lenses’ (Lukka and Vinnari, 2014) to explain 
and make sense of my empirical observations, they fall under the broad umbrella of 
transition studies which allowed me to maintain the ‘bigger picture in mind’ 
(Zolfagharian et al., 2019). In my cover essay, I primarily focus on the sociotechnical 
system perspective, whereas the other theoretical perspectives are explained in the 
individual papers. 
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This thesis is based on two qualitative studies, Study A and Study B (explained in the 
following sections). My data collection continued throughout most of my time as a 
doctoral student and aimed to develop a rich understanding of digitalisation in the 
water sector. I adopted a case study approach, which is suitable to study an empirical 
phenomenon and its complexity (Siggelkow, 2007; Yin, 2018). I used qualitative 
research methods, such as interviews and observations, to capture actors’ perspectives 
and secure rich empirical descriptions (Denzin and Lincoln, 2008). Due to the 
outbreak of Covid-19 in the Spring of 2020, roughly six months after I started my 
doctoral studies, I came to use interviews conducted via video or phone calls as my 
primary method of data collection in both studies.7 In addition to the formal studies, 
being part of Mistra InfraMaint allowed me to continuously engage with the industry 
and my empirical context. Among other work, I supervised three master theses within 
the framework of Mistra InfraMaint that covered topics adjacent to my own research 
project.  

5.2.  Study A: Challenges of water utilities 

The main objective of Study A was to understand the situation of water utilities and the 
Swedish water sector in general before studying digitalisation in this context. 
Digitalisation is associated with a strong technology push, where digital technologies 
are often brought forward as promising tools that can improve the efficiency and 
performance of urban water services (see e.g. Boyle et al., 2022; Sarni et al., 2019; 
Tutusaus et al., 2018). However, before investigating the ‘solutions’ provided by 
digitalisation, the idea behind Study A was to investigate problems or challenges that 
could open a ‘window of opportunity’ for these technologies to break through (see 
Geels, 2002; Geels and Schot, 2007). Therefore, Study A aimed to study challenges as 
perceived by representatives from water utilities and the overall ability to manage 
them. In addition, Study A was important on a personal level since it enabled me to 
build an overall understanding of the empirical context that I was studying. Study A 
can be divided into two phases: a pre-study phase that began right after I started my 
doctoral studies, and the main data collection phase, during which I specifically 
focused on the challenges within the Swedish water sector. The main data collection 
phase for Study A took place from October 2019 to December 2020. 
 
The main data collection method consisted of conducting interviews with 
representatives from the Swedish water sector. To find relevant respondents for the 
pre-study, I used ‘snowballing’ as a sampling method (Ritchie et al., 2014). To gain a 

 
7 Even though I can only speculate on the consequences of the pandemic on my thesis project, I believe it is 
relevant to at least mention its occurrence during my early years as a doctoral student. Interviews would have 
most likely been a major part of my data collection regardless of the pandemic. However, other data collection 
methods (such as observation) may have played a larger role in my studies if not for Covid-19. Apart from Covid-
19’s impact on my data collection, it also impacted the possibilities to attend doctoral courses, conferences, and 
similar events during the initial years of my doctoral studies. For a discussion on how Covid-19 has impacted 
qualitative research projects, see e.g. Rahman et al. (2021). 
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broad understanding of the water-related challenges, these respondents included 
respondents with different roles and organisational affiliations, such as utility 
representatives, researchers, and industry association representatives, which were 
primarily identified through contacts with Mistra InfraMaint. In this context, I broadly 
refer to them as ‘water experts’. For the main data collection, however, I used a 
‘purposive’ sampling method (Ritchie et al., 2014). Since I was interested in the 
perceived challenges faced by water utilities, I wanted to target people with an overall 
understanding of their context and operations. Therefore, I mainly targeted top 
managers (in Swedish: VA-chefer) at Swedish water utilities. Since Sweden consists of 
290 municipalities (with approximately 200 water utilities) of various geographical 
and population sizes, I included a representation of different types of municipalities in 
my sample. For instance, I considered the population size, coverage of urban and rural 
areas, and the geographical spread and location of the utilities when I selected my 
respondents. 
 
I used semi-structured interviews so that the respondents could share their 
experiences and views in detail and allow for unanticipated topics to emerge during the 
interview (Valentine, 2005). In the pre-study, I used an interview guide that focused 
on current and future challenges in general and asked questions broadly related to 
digitalisation. In the interviews with top managers at water utilities, I used an interview 
guide that focused solely on the challenges faced by their utility in particular and the 
Swedish water sector in general. However, the first interview followed an unstructured 
format in order to gain a broad overview of the challenges faced by the water sector in 
general. Apart from the unstructured interview and one additional interview during 
which the respondent declined to be recorded, all the interviews were recorded and 
transcribed afterwards. The transcription and data analysis were performed using the 
MaxQDA software programme. I also took notes during and right after the interviews 
to document any immediate thoughts and reflections that occurred during the 
interviews. On average, the interviews lasted 1-2 hours.  
 
In addition to the interviews, I did one half-day field visit to a residential area where a 
water utility was reconstructing water pipes. At this field visit, I was allowed to sit in 
on a meeting with the construction contractor, join an onsite inspection, and visit the 
utility’s office. While this field visit did not relate to any challenges specifically, it did 
give me some insights into the daily operation of water utilities. Similarly, programme 
meetings and field visits organised by Mistra InfraMaint provided additional 
opportunities to learn about the municipalities’ responsibilities and urban water 
management. For instance, one field visit was done to a water utility and their 
maintenance unit. Finally, I drew upon a broad set of secondary data I used primarily 
to complement and compare the findings from the interviews. For instance, I used 
various materials provided by ‘Swedish Water’ (in Swedish: Svenskt Vatten), the 
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industry association for water utilities. A summary of the empirical material in Study 
A is presented in Table 1. 
 

Table 1. Summary of the empirical material for Study A 
Data collection 
method 

Interviews Observations Documents 

Data source Semi-structured 
and unstructured 
interviews 

Field visits Websites, public 
reports, industry 
magazines, and 
social media, 
among others 

Number of data 
sources 

Total 18 
interviews, 
including: 
6 expert 
interviews (semi-
structured), 
11 top manager 
interviews (semi-
structured), 
1 top manager 
interview 
(unstructured) 

Total 4 
observation 
occasions, 
including: 
1 field visit to a 
reconstruction 
project, 
3 field visits 
organised by 
Mistra InfraMaint 

Approximately 15 
documents, 
including: 
industry reports 
from Swedish 
Water, 
industry reports 
from consultancy 
firms, 
etcetera 

Details/comments Recordings, 
transcripts, and 
notes 

Notes and 
pictures 

Notes 
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Figure 1. Field visit to a reconstruction site. Photo: Amelie Bennich 

5.3.  Study B: Digitalisation in urban water management 

The main objective of Study B was to explore the use of digital technologies for urban 
water management. While digitalisation includes a number of different digital 
phenomena, such as the transfer from physical to online meetings, I focused 
specifically on digital technologies used in the operation and management of urban 
water services. That includes, among others, real-time monitoring of physical assets 
and data-driven decision-making. In contrast to Study A, Study B was more explorative 
and open since I wanted to develop a rich understanding of the possible implications 
of digitalisation. Instead of deciding upon data collection methods and analytical 
procedures from the outset, I adopted a flexible approach which allowed me to follow 
and explore unanticipated empirical events (similar to, for instance, ‘the emergent 
approach’ (see e.g. Cloutier, 2024; Wiedner and Ansari, 2017)). In the early phases of 
this study, I largely focused on the use of AI technologies since they are considered 
some of the key driving technologies behind digitalisation today (see e.g. Holmström, 
2022; Rapp et al., 2023). As the study proceeded, however, I broadened my perspective 
and focused on the use of digital technologies more generally. The data collection for 
Study B took place from December 2020 to December 2023. 
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Similar to Study A, the main data collection method consisted of conducting interviews 
with representatives primarily from the Swedish water sector. This time, I combined 
‘purposive’ and ‘snowballing’ sampling (Ritchie et al., 2014). The sampling method was 
purposive since I targeted respondents who either were or had been involved in 
digitalisation projects in one way or another, such as the initiators or the intended 
users of such a project. However, I largely relied on snowballing to find the relevant 
respondents to interview. As a result, I used a greater number of unstructured 
interviews in Study B since they were essential for building an understanding of what 
was currently happening in the sector and who to contact for additional interviews. 
Early in this study, I learned about an artificial neural network (ANN) model 
(developed by a utility and made available to others) and the establishment of a 
digitalisation network for Swedish water utilities (which included approximately 150 
members from 55 different utilities at the time). Through public information, such as 
websites and social media, and unstructured interviews with both utility 
representatives and researchers, I identified several utility representatives who had 
been involved in either developing AI models, or using and evaluating these models. 
Several of these respondents were also actively involved in the digitalisation network. 
Through recommendations by these respondents, I came in contact with additional 
people working with digitalisation in the water sector. At these later stages, my 
respondents were not limited to utility representatives but also included respondents 
from industry associations and suppliers working with digitalisation. The purpose of 
this was to further broaden my understanding of digitalisation in this context. 
 
I again used semi-structured interviews so that I could obtain rich descriptions and 
explanations (see Ritchie et al., 2014). Even for the unstructured interviews, I prepared 
an interview guide beforehand. These interviews were not recorded and transcribed 
however. Overall, I used several interview guides depending on the role and affiliation 
of the respondent, as opposed to Study A for which I largely relied on the same 
interview guide throughout the entire data collection process.  For instance, I focused 
more on the practical process of developing an AI model in-house when I interviewed 
utility representatives engaged in developing AI models, whereas I focused more on 
the implementation process and application when I interviewed the intended users. In 
some cases, I asked the respondents specifically about the digitalisation network, while 
in other cases it was brought up by the respondents themselves. Nonetheless, all 
interview guides included several questions regarding digitalisation in general. For 
instance, most interviews addressed what digitalisation meant to the respondents and 
how they believed it would impact the sector at large. All the semi-structured 
interviews were recorded and transcribed afterwards. The transcription and data 
analysis were performed using the MaxQDA software programme. Some of the 
interviews included two or more respondents. As with Study A, I took notes during and 
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right after each interview to capture any immediate thoughts and ideas that occurred 
to me. On average, the interviews lasted 1-2 hours. 
 
Apart from the interviews, Study B also included several observations. Some of my 
more important observations came from digital meetings within the digitalisation 
network. While the network is primarily for the utilities themselves (suppliers and 
other external actors are only invited on special occasions), I was allowed to listen in 
during these meetings. Each meeting lasted for approximately 2 hours and consisted 
of a general introduction, such as the status of the network, followed by several 
presentations by people working on various digitalisation projects at their utilities. 
After each meeting, the presentation material was distributed via email. By October 
2023, the network had grown to include 230 members from 75 different utilities. In 
addition to the digitalisation network meetings, I also participated in two industry 
conferences. The first conference was the annual National Water Conference of 
Sweden, which is organised by the industry association Swedish Water. This 
conference took place 18-19 January 2022 digitally and welcomed approximately 400 
attendees. At this conference, I listened to various research and practice presentations 
related to digitalisation. The second conference I attended was the annual World Water 
Congress and Exhibition, which is organised by the International Water Association. 
This conference took place 11-15 September 2022 in Copenhagen, Denmark, and 
welcomed nearly 9,000 attendees. At this conference, I listened to various research 
and practice presentations related to digitalisation, visited the company exhibition, 
and interacted with other participants at the conference. For instance, I interacted with 
international representatives from various water utilities, which helped me understand 
some of the specific characteristics of the Swedish situation, such as abundant water 
resources and public utilities. Together, the digitalisation network and industry 
conferences contributed to my understanding of the ongoing and prospective use of 
digital technologies in urban water management. 
 
Finally, I drew upon a broad set of secondary data coming from such sources as the 
International Water Association, which has published a report series focusing on 
‘Digital Water’ that covers various aspects of using digital technologies in urban water 
management. Similarly, the industry association Swedish Water has published several 
reports on digitalisation. These reports and other secondary data sources were 
primarily used to complement and compare findings from the interviews and 
observations. A summary of the empirical material in Study B is presented in Table 2. 
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Table 2. Summary of the empirical material for Study B 
Data collection 
method 

Interviews Observations Documents 

Data source Semi-structured 
and unstructured 
interviews 

Network 
meetings, and 
industry 
conferences 

Websites, public 
reports, industry 
magazines, and 
social media, 
among others 

Number of data 
sources 

Total 27 
interviews, 
including: 
15 utility 
representative 
interviews (semi-
structured), 
3 industry 
association 
representative 
interviews (semi-
structured), 
3 supplier 
representative 
interviews (semi-
structured), 
4 utility 
representative 
interviews 
(unstructured), 
2 research 
organisation 
representatives 
(unstructured) 

Total 7 
observation 
occasions, 
including: 
5 digitalisation 
network meetings 
(online), 
1 national 
industry 
conference 
(online), 
1 international 
industry 
conference (in 
person) 

Approximately 30 
documents, 
including: 
industry reports 
from IWA, 
industry reports 
from Swedish 
Water, 
industry reports 
from consultancy 
firms, 
posts on 
LinkedIn, 
etcetera 

Details/comments Recordings, 
transcripts, and 
notes 

Presentation 
material, notes, 
and pictures 

Notes 

 



 
 

38 

 
Figure 2. Example of exhibitor displaying digital solutions during the World Water Congress 

and Exhibition. Photo: Amelie Bennich 
 

 
Figure 3. Example of exhibitor displaying digital solutions during the World Water Congress 

and Exhibition. Photo: Amelie Bennich 

5.4.  Empirical foundation of the papers 

The empirical material (presented in the sections above) forms the empirical 
foundation of the four papers included in this thesis. While all the empirical material 
was not explicitly used in the papers, such as the field visit to a reconstruction site 
described in Study A, it still provided me with an overall understanding of the empirical 
phenomenon I studied. Paper I builds on Study A, while Paper II, III, and IV primarily 
build on Study B. As such, Study B represents the main study of this thesis.  
 
Overall, my coauthors and I adopted an abductive approach, i.e. moving iteratively 
between empirics and theory during the research process (Dubois and Gadde, 2002). 
Although we let prior research and theories guide the interpretation and analysis of the 
empirical material, we rarely used a predetermined template or theoretical framework 



 
 

39 

in the initial phases of the analytical process.8 Instead, we usually started to look for 
interesting insights or patterns in our empirical material before we interpreted and 
discussed it in relation to theory. Following the explorative nature of this thesis, the 
original ideas behind the different papers came from various aspects of the empirical 
material, prior research, and theoretical framing.  
 
The idea behind Paper I largely corresponds to the overall aim of Study A, which was 
to understand the problems and how to manage them (before studying solutions). 
Paper I thus builds on the interviews and secondary data collected in Study A. While 
the interviews with top managers and experts represented the primary source of 
empirical data, secondary data from reports and similar sources were used to 
triangulate our findings from the interviews. We began to analyse our material by 
broadly coding it in relation to challenges and thereafter adopted a ‘thematic analysis’ 
approach in order to structure and make sense of our data (see Braun and Clarke, 
2006; Ryan and Bernard, 2003). This was later analysed and discussed in relation to 
the ‘sociotechnical regime’ (Geels, 2002; Rip and Kemp, 1998). 
 
This idea of understanding the problems before studying the solutions was later 
adopted to form the basis for Paper III. In this case, we were interested in studying how 
data-driven solutions, based on AI for instance, aligned with the needs of water 
utilities. In consequence, Paper III largely builds on the interviews with utility 
representatives in Study B. This material was complemented by an additional set of 
nine interviews, conducted by one of the coauthors, that focused specifically on data-
driven decision-support in urban water management. Again, the interviews formed the 
primary source of empirical data in this paper. To triangulate our findings, we 
compared our findings with observations made by one of the coauthors who was 
involved in another case study on data-driven decision support for the rehabilitation 
of pipes. As with Paper I, we started by coding the material while specifically focusing 
on problems and solutions related to the use of data-driven applications. We then 
grouped and structured our material based on the different themes or topics that we 
identified. This was later analysed and discussed in relation to ‘organisational 
ambidexterity’ (March, 1991; Tushman and O’Reilly, 1996).  
 
The idea for Paper II came from the empirical material itself and the observation that 
the ANN model was spreading through the Swedish water sector. In the early stages of 
Study B, I had believed that a number of utilities were working with different AI 
applications until I realised that most of the cases I read about, on social media and 
similar, could all be traced back to the same single model from one of the larger water 

 
8 As argued by Pratt et al. (2022), referring to templates in the analytical processes can at best hide and at worse 
strip away the agency of the researchers. Similarly, Harley and Cornelissen (2022) noted that seeing templates as 
a way to enhance rigour in qualitative studies may, in fact, undermine the rigour of qualitative studies. 
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utilities in Sweden. This sparked my interest in understanding the mechanism through 
which this could occur. Paper II describes the development and diffusion of the ANN 
model and the establishment of the digitalisation network, and primarily builds on 
empirical material from Study B. This time, both secondary data and interviews formed 
the primary source of empirical data. I started to build an understanding by examining 
public information, which was complemented with descriptions and explanations from 
the respondents. I also compared this material with observations made during some of 
the digitalisation network meetings and the two industry conferences. When I coded 
my material, I initially used an open approach since I was interested in understanding 
what was happening rather than having a predetermined idea of what I was searching 
for. This was later analysed and discussed in relation to ‘institutional isomorphism’ 
(DiMaggio and Powell, 1983). 
 
Finally, the original idea for Paper IV came from the observation that many of the 
assumptions made in the digitalisation literature, primarily those concerning the 
digital transformation of established organisations, did not fit particularly well with 
the observations from my studies. As a result, we became interested in investigating 
why and how these assumptions potentially did not apply for water utilities. Paper IV 
primarily builds on interview material from Study B. This time, we included a broader 
set of interviews that did not solely include the utility representatives. This material 
was later compared and complemented with material from the digitalisation network 
meetings and industry conferences. As we started to analyse the material, we focused 
specifically on the drivers, enablers, barriers, and outcomes of digitalisation processes 
to enable a comparison with prior studies. This was later analysed and discussed 
inspired by the ‘contingency theory’ approach (Lawrence and Lorsch, 1967; Mintzberg, 
1979; Pugh et al., 1969; Woodward, 1958). 

5.5.  Methodological considerations and limitations 
Every study comes with its own set of methodological considerations and limitations. 
Consequently, the findings of a study are always subject to scrutiny and examination. 
This thesis has a few obvious limitations that are worth mentioning. First, I started 
with a specific empirical context (i.e. the Swedish water sector), which limits the 
generalisability to other empirical contexts. In addition, I primarily departed from one 
type of actor (i.e. water utilities), which provides only one perspective on digitalisation 
within this context. The respondents from these organisations were primarily chosen 
based on their commitment to various digitalisation projects, which means that I did 
not target respondents who actively or passively rejected digitalisation. Finally, I have 
followed the development of digitalisation over a limited period, even though these 
processes may take decades to unfold. In several cases, the use of new digital 
technologies was still experimental or aspirational, which means that the perceived 
implications were based on visions and expectations rather than empirical 
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observations. These are examples of factors that thus limit the claims I can make about 
digitalisation in the water sector.  
 
Nonetheless, there are several ways to increase the trustworthiness of a study. In 
quantitative research, trustworthiness is often discussed in terms of reliability and 
validity. In qualitative research, however, some scholars argue that the meaning of 
these terms may have to be redefined to reflect the various ways of establishing 
trustworthiness in qualitative studies (see e.g. Golafshani, 2015; Healy and Perry, 
2000). In the following section, I reflect upon the trustworthiness of my findings in 
terms of credibility, transferability, dependability, and conformability (see Bryman, 
2012), as originally proposed by Lincoln and Guba (1985). 
 
Credibility refers to the trustworthiness of the presented representation of reality. It 
poses questions such as how congruent are the findings with reality, and resembles 
internal validity in quantitative research. One strategy to promote credibility is through 
triangulation. Acknowledging that no observation or interpretation is perfect, 
triangulation offers different ways to view a case and helps identify different realities 
(Denzin and Lincoln, 2008). In this thesis, I used both data and theory triangulation. 
First, I used different data collection methods, such as semi-structured interviews and 
observations, which helped me acquire a more comprehensive view of my empirical 
phenomenon. Second, I used multiple theoretical perspectives to provide different 
explanations for my empirical observations, since conflicting and contrasting 
explanations can offer a more comprehensive understanding of an empirical 
phenomenon (Poole and van de Ven, 1989). 
 
Transferability refers to the relevance of findings to other contexts, which is similar to 
the question of external validity and generalisability in quantitative research. A 
common critique of qualitative research is the generalisability of its findings. However, 
unlike quantitative research, qualitative studies rarely aim for complete replicability. 
For instance, Bamberger (2019, p. 5) writes that ‘the relevance of replicability and just 
what it means for the kind of phenomenological and abductive qualitative research 
often published in AMD [Academy of Management Discoveries] remains a more open 
question.’ Instead, the aim is to present patterns and descriptions that are relevant to 
other contexts. Therefore, one strategy used to address transferability is through the 
representation of ‘thick descriptions’ (Bryman, 2012).9 In both the cover essay and the 
appended papers, I aimed to provide rich descriptions of my empirical case, such as 
any peculiarities found within the empirical context and detailed accounts of my 
empirical observations, to facilitate their transferability to other contexts. For instance, 
one can question the transferability of the findings to other national contexts. While 

 
9 Providing thick descriptions is also a way to articulate complexity, which is often the case in transition studies 
(Köhler et al., 2019). 
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the dominant logic of urban water systems is known to be remarkably similar 
worldwide (Fuenfschilling and Binz, 2018; Lieberherr and Truffer, 2015), there are 
specific characteristics of the Swedish case that are important to be aware of, such as 
the abundance of water resources and water utilities run under public ownership. 
 
Dependability refers to the trustworthiness of the work and to what extent it has been 
thoroughly documented and scrutinised by others. This especially concerns reviews 
done by peers who provide comments and feedback before the work goes public. 
During the course of my doctoral studies, my work has been under review by peers in 
various forums. Two out of the four papers are published in academic journals and 
have undergone double-blinded peer-review processes following academic standards. 
The two remaining papers are currently undergoing review processes. In addition, all 
papers have received feedback in various stages of development. For instance, Paper I, 
Paper II, and Paper IV were presented at different academic conferences, where I 
received feedback on earlier versions of the manuscripts. Paper III was sent to 
colleagues with different academic backgrounds before submission to a journal, and 
Paper I and Paper IV were presented and discussed at internal seminars at my 
department. Paper II, which is my single-authored paper following the requirements 
of my doctoral programme, was continuously discussed and reviewed with peers 
during a Ph.D. course in academic publishing. In addition, earlier versions of my cover 
essay have been presented and discussed at three internal seminars (thesis proposal, 
halftime, and final seminars). For the latter two, external guests were invited as 
opponents. Finally, a research school and doctoral student meetings organised by 
Mistra InfraMaint provided additional opportunities to discuss and review my work. I 
thus had several opportunities to discuss and review my work with peers from similar 
academic disciplines and those with similar empirical interests. 
 
Finally, confirmability refers to getting as close to an objective representation of reality 
as possible. True objectivity is not possible to achieve, since a number of aspects during 
the research process depend on the researcher’s choices and interpretations. Instead, 
one can aim for confirmability by showing that one has ‘acted in good faith’ (Bryman, 
2012), i.e. not overtly allowing personal values or conceptions to steer the research 
process or the findings derived from it. This includes explaining the choices made 
during the research process, disclosing data sources, and describing the analytical 
processes. In my thesis, I aimed to be as transparent about the process as possible. For 
instance, I have described the general research process, disclosed the empirical sources 
used and provided direct citations from the transcribed interviews in my papers. In 
addition, I formalised my data analysis and interpretation by using a software-based 
tool, which has been suggested as a way to enhance the trustworthiness of qualitative 
studies (Sinkovics et al., 2008). 
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6.  Summary of papers 
Table 3. CRediT authorship statement 

Paper Order of authors Authors’ contribution 
Paper I Amelie Bennich, 

Mats Engwall, and 
David Nilsson 

Amelie Bennich: Conceptualisation, 
Methodology, Formal Analysis, Investigation, 
Data curation, Writing – Original Draft, 
Writing – Review & Editing, Visualisation. 
 
Mats Engwall: Conceptualisation, Writing –      
Original Draft, Writing – Review & Editing, 
Supervision. 
 
David Nilsson: Conceptualisation, Writing – 
Original Draft, Writing – Review & Editing, 
Supervision. 

Paper II Amelie Bennich Amelie Bennich: Conceptualisation, 
Methodology, Formal Analysis, Investigation, 
Data curation, Writing – Original Draft, 
Writing – Review & Editing, Visualisation. 

Paper III Amelie Bennich*, 
Viktor Bergion*, 
and David Nilsson 
 
*Authors 
contributed equally 
to developing this 
paper. 

Amelie Bennich: Conceptualisation, 
Methodology, Formal Analysis, Investigation, 
Data curation, Writing – Original Draft, 
Writing – Review & Editing. 
 
Viktor Bergion: Conceptualisation, 
Methodology, Formal Analysis, Investigation, 
Data curation, Writing – Original Draft, 
Writing – Review & Editing. 
 
David Nilsson: Conceptualisation, Writing – 
Review & Editing. 

Paper IV Amelie Bennich and 
Mats Engwall 

Amelie Bennich: Conceptualisation, 
Methodology, Validation, Formal Analysis, 
Investigation, Data curation, Writing – 
Original Draft, Writing – Review & Editing, 
Visualisation. 
 
Mats Engwall: Conceptualisation, Writing – 
Review & Editing, Supervision. 
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This thesis builds on the following four appended papers, each focusing on various 
aspects of (digitalisation in) the urban water systems. In the following chapter, I 
present a brief overview of each paper and how they contribute to the overall aim of 
this thesis. For all four papers, I had a main role as leading or single author, see Table 
3. 

6.1.  Paper I. Operating in the shadowland: Why water utilities fail to manage 
decaying infrastructure 

In Paper I, we investigate why addressing the needs of water utilities is so challenging. 
In many high-income countries, ageing physical assets and inadequate maintenance 
have made decaying urban water infrastructures a significant societal issue (Katko et 
al., 2018; Silver, 2021). Along with other challenges, such as climate change and 
urbanisation, many modern urban water infrastructures are under significant pressure 
(Daigger, 2009; Ferguson et al., 2013a). In this paper, we addressed a high-income 
country where ageing infrastructures are in significant need of upgrading but little 
appears to happen. Drawing upon semi-structured interviews with top managers from 
Swedish water utilities, we investigated what they perceived were the most pressing 
concerns for water utilities and their ability to tackle them. Our analytical framework 
was based on the concept of the ‘sociotechnical regime’ (Geels, 2002; Rip and Kemp, 
1998), which is characterised as the ‘rule set’ that guides the actions of actors within a 
given sociotechnical system (Geels, 2002). By applying this concept, we aimed to 
uncover the agency of water utilities. 
 
Based on our findings, we suggested that the lack of action cannot be attributed to 
either ignorance or dysfunctional utility management. Instead, the utilities recognise 
the need to upgrade the infrastructure systems but have limited ability to act beyond 
the daily operations. In contrast to prior studies that have pointed towards a number 
of individual factors that impede action, we identified a complex of factors that 
together prevent the utilities from taking the necessary actions to upgrade the decaying 
infrastructure. Specifically, one of the most profound constraints found is that the 
utilities operate in a ‘societal shadowland’ where their actions are taken for granted. 
This illustrates what we call the ‘shadowland paradox’: utilities advocate for increased 
tariffs and other policy reforms to manage ageing infrastructure, but local politicians 
do not prioritise urban water services because their voters, accustomed to safe and 
reliable services, do not see it as a top concern. While increasing disturbances may 
highlight the importance of these services, utilities must avoid such scenarios by 
managing infrastructure systems with long-term consideration. This requires policy 
interventions, which create a continuous cycle of challenges. 
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6.2.  Paper II. The digital imperative: Institutional pressures to digitalise 

In Paper II, I explore the institutional pressures to digitalise. With the widespread 
diffusion of digital technologies, the ‘digital imperative’ is becoming increasingly 
prominent across various sectors of society. The ‘need for digital transformation’ 
(Verhoef et al., 2021, p. 890) is often motivated by market pressures under which 
organisations face a ‘make-or-break’ situation following digitalisation. However, this 
imperative is present well beyond those contexts. This paper is based on a study of two 
different digitalisation initiatives within the Swedish water sector: (1) the development 
and diffusion of an ANN model for leakage detection, and (2) the establishment of a 
digitalisation network for water utilities. By drawing upon the concept of ‘institutional 
isomorphism’ (DiMaggio and Powell, 1983), I assessed whether there were 
institutional pressures in place that supported the legitimisation of digital 
technologies. As postulated by institutional theory, organisations are embedded in a 
social environment that shapes the way they behave and respond to (technological) 
change (Benner and Ranganathan, 2012; Greenwood et al., 2008; Meyer and Rowan, 
1977). With this in mind, I aimed to explore potential drivers of digitalisation and what 
they may imply for continued digitalisation within this context. 
 
The study of the two digitalisation initiatives revealed that there are institutional 
pressures in place that support the legitimisation of digital technologies within the 
Swedish water sector. While coercive processes appeared to have little presence in the 
current study, both normative and mimetic processes were present. First, the 
professional network and the industry association had important roles in both the 
diffusion of the ANN model and the establishment of the digitalisation network. For 
instance, the industry association distributed the ANN model through their online 
platform and thus granted the model a degree of legitimacy. Second, water utilities 
have a long tradition of collaboration, so smaller utilities often copy what larger utilities 
do. As such, the digitalisation network created an arena in which the utilities could 
learn from and mimic each other. Therefore, while the use of digital technologies is 
often driven by the need to enhance efficiency and performance, it appears to have 
grown into an ideal that contributes to establishing a digital imperative that further 
motivates their use. 

6.3.  Paper III. Digital solutions in search of a problem? Balancing short-term 
and long-term needs in water utilities 

In Paper III, we explore the alignment of data-driven solutions with the needs of water 
utilities. Digital technologies hold the potential to transform every aspect of urban 
water management. For example, data analytics can support various functions, such as 
anomaly detection (e.g. leakage detection and localisation), system prediction (e.g. 
short-term demand forecasting), asset management (e.g. sewer defect assessment), 
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system operation (e.g. real-time control), and planning and maintenance (e.g. leakage 
prediction) (Fu et al., 2022). However, previous studies have highlighted a gap between 
state-of-the-art solutions and the practical realities faced by most utilities (Sirkiä et al., 
2017; Therrien et al., 2020). This paper is based on a study of data-driven solutions 
implemented in water utilities, drawing primarily on semi-structured interviews with 
water professionals in the sector. While earlier research has identified various technical 
and non-technical barriers to the adoption of digital technologies, others have 
questioned the ‘hype’ of digital technologies and how effectively they can address 
challenges faced by water utilities (Blumensaat et al., 2019; Fu et al., 2022). Drawing 
broadly upon the innovation literature, we aimed to investigate how data-driven 
solutions align with and address the needs of water utilities. 
 
The findings illustrate how utilities must balance their short-term and long-term 
needs, where the latter needs greater attention if the utilities aim to increase the use of 
digital technologies. From a long-term perspective, the use of data-driven solutions 
appeared to align with the needs of water utilities. As illustrated by our findings, the 
respondents saw many potential areas of use for data-driven solutions. For instance, 
they can assist them in renewal planning to address the maintenance debt due to 
ageing infrastructures. However, from a short-term perspective, data-driven solutions 
add a layer of complexity rather than simplicity since they are not yet well-aligned with 
the utilities’ technical and organisational structures. The utilities are organisations that 
place a strong emphasis on daily operations, with existing digital systems largely based 
on daily needs. Many utilities appeared to lack a basic digital infrastructure that 
enabled the strategic use of digitalised information. For instance, the respondents 
highlighted the difficulties in integrating different systems and sharing data across the 
organisation. Instead, the daily need for utilities may, at this time, be better fulfilled by 
tools with low digital content. Prioritising short-term needs might be more efficient in 
the short run, but it can be detrimental in the long run. This creates what in the 
innovation literature is referred to as an ‘ambidexterity dilemma’ (March, 1991; 
Tushman and O’Reilly, 1996). 

6.4.  Paper IV. Context matters: beyond the ‘one-size-fits-all’ understanding 
of digitalisation 

In Paper IV, we explore digitalisation processes within water utilities. Digitalisation of 
established organisations has become a key priority on the agenda of several 
organisations (Hess et al., 2016; Matt et al., 2015). Consequently, several studies have 
set out to unpack these processes to provide guidelines and identify crucial factors of 
successful digital transformations (Cipriano and Za, 2023; Hanelt et al., 2021; Hess et 
al., 2016). However, these studies often focus on organisations operating in similar, 
market-driven contexts and, thereby, potentially underestimate the critical role of 
organisational context in shaping digitalisation processes. As emphasised by prior 
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studies, insights from these studies may not be transferable to organisations operating 
under significantly different conditions (Buck et al., 2023; Cipriano and Za, 2023; 
Plesner et al., 2018). Based on a study of digitalisation in water utilities, we explored 
what water professionals perceived as necessary to manage digitalisation processes in 
water utilities. Water utilities operate as high-reliability, public, non-profit, and asset-
intensive entities, which represent an organisational context significantly different 
from the settings typically examined in digitalisation studies. Taking a contingency 
approach (Lawrence and Lorsch, 1967; Mintzberg, 1979; Pugh et al., 1969; Woodward, 
1958), we aimed to explore the factors that impact the digitalisation process of water 
utilities. 
 
Our findings suggested that digitalisation processes in water utilities appear to follow 
a different logic than usually depicted in the literature. While digitalisation studies 
often attribute the drivers of digitalisation to competition and market pressures, water 
utilities mainly perceived it as a technological opportunity. In contrast to prior studies 
that highlight the importance of developing internal capabilities to manage uncertain 
and rapid digitalisation processes, water utilities largely relied on collaboration with 
external actors to implement and use digital technologies. Additionally, while digital 
transformation is usually described as being able to profoundly change value 
propositions, organisational structures, and organisational identities, water utilities 
focused on improving their production processes and enhancing existing value 
propositions rather than creating completely new ones. In line with classical 
contingency theory, we thus suggested that we should not aim for a ‘one-size-fits-all’ 
understanding of digitalisation and that we cannot treat ‘the organisation’ as isolated 
entities but need to consider the broader context in which they are situated. 

6.5.  Contribution to the thesis 
The four papers described above form the basis of this thesis, which the discussion and 
analysis in Chapter 7 build upon. By adopting different empirical perspectives and 
employing different theoretical frameworks, they offer different explanations and 
perspectives on digitalisation in urban water systems. Paper I contributes to the overall 
aim of this thesis by illustrating how institutional aspects of the sociotechnical system 
influences the agency of water utilities. Paper II contributes by illustrating how digital 
technologies gain legitimacy in the established sociotechnical system. Paper III and 
Paper IV contribute by addressing the incentives and ability of the core actors of the 
sociotechnical systems, i.e. water utilities, to digitalise. Although these papers do not 
provide a comprehensive account of the sociotechnical system, the focus on specific 
aspects allows for a discussion of the potential impact of digitalisation at the system 
level (see Chapter 7). The appended papers are summarised in Table 4. 
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Table 4. Summary of appended papers 
 Paper I Paper II Paper III Paper IV 

Purpose and 
aim 

The aim of 
Paper I is to 
uncover the 

agency of 
water utilities 
and inquire 

why 
addressing the 

needs of 
decaying 

infrastructure
s is so 

challenging. 

The aim of 
Paper II is to 
investigate 

institutional 
pressures to 

digitalise and 
explore 

different 
drivers of 

digitalisation 
and their 
possible 

implications. 

The aim of 
Paper III is to 
explore how 
data-driven 

solutions align 
with the needs 

of water 
utilities and 
address the 

slow adoption 
of digital 

technologies. 

The aim of 
Paper IV is to 
explore how 

organisational 
factors 

influence 
digitalisation 
processes and 
outcomes in 
established 

organisations. 

Empirical 
foundation 

Study A Study B Study B Study B 

Theoretical 
framework 

Sociotechnical 
regime 

Institutional 
isomorphism 

Ambidexterity Contingency 
theory 

Considered 
aspects of the 
sociotechnical 

system 

Actors and 
institutions 

Actors and 
institutions,  
technologies 

and 
institutions 

Technologies 
and actors 

Technologies 
and actors 

Contribution 
to thesis 

Illustrate how 
the 

institutional 
environment 
influences the 

agency of 
water utilities 

Illustrate how 
digital 

technologies 
gain 

legitimacy 
among water 

utilities 

Illustrate the 
incentives and 

ability of 
water utilities 
to implement 

and use digital 
technologies 

Illustrate the 
incentives and 

ability of 
water utilities 
to implement 

and use digital 
technologies 
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7.  Discussion 
This thesis set out to explore what digitalisation means in mature and stable 
infrastructure sectors. Adopting a sociotechnical system perspective suggests that we 
must consider both the transformative capacity of digital technologies and the 
adaptability of the sociotechnical system at hand, as proposed by theory (Dolata, 
2009). In general, digital technologies are associated with ‘high transformative 
capacity’ (Dolata, 2009). Due to having certain properties such as editability, 
interactivity, reprogrammability, and distributedness, digitalisation is often associated 
with disruptive, rapid, and inevitable change (see e.g. Baiyere et al., 2023; Dąbrowska 
et al., 2022; Fitzgerald et al., 2013; Vial, 2019). In contrast, urban water systems are 
usually associated with ‘low adaptability’ (Dolata, 2009). Prior studies have shown how 
technological lock-ins, path dependencies, and conservative system cultures create 
significant inertia and resistance to change (Loorbach et al., 2010; Markard, 2011). In 
the following section, I synthesise and discuss the findings of the four papers through 
the lens of sociotechnical systems. 

7.1.  Technologies and material artefacts 

Since digitalisation essentially deals with the use of technology, it is reasonable to start 
with the technical component of the sociotechnical system. In some industries, digital 
technologies have replaced core technologies and material artefacts, such as the shift 
from physical music recordings to digital music media, which radically have altered the 
technical and material profile of these industries (Dolata, 2020, 2011). In other 
contexts, digital technologies have added new properties to core technologies and 
material artefacts, such as with connected cars, which has thus altered their function 
and usage (Hess et al., 2016; Porter and Heppelmann, 2015). 
 
In urban water systems, digital technologies do not substitute core technologies or 
material artefacts of the system. In comparison to other industries, the main product 
or service of urban water systems, i.e. the provision of urban water services such as 
potable water and sewerage, remains fundamentally the same throughout 
digitalisation. Therefore, technologies and material artefacts such as pumps, pipes, and 
treatment plants are still needed to deliver urban water services. As discussed in Paper 
IV, similar situations are found in other asset-intensive industries, such as mining and 
metal, where the main business purpose cannot be digitalised. Instead, digitalisation 
processes are primarily present on the producers’ side of urban water systems, where 
they impact the production process and how these products and services are managed 
and delivered. 
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Consequently, digital technologies are rematerialising rather than dematerialising the 
technical component of urban water systems. Instead of replacing core technologies, 
digital technologies are adding new properties to the technical systems that provide 
urban water services. As discussed in Paper II, Paper III, and Paper IV, these add-ons 
can be applied to essentially any part of the local water cycle, from the real-time 
monitoring of pump stations to smart metering for customers and the continuous 
quality control of water reservoirs. While some solutions build on the use of single 
applications, such as smart metering, others build on the use of several applications, 
such as digital twins that combine sensors, real-time monitoring, and data analytics 
(see ‘interactivity’). In consequence, the ‘digital shoe’ (Yoo et al., 2012) can be 
compared to a water pump; while the primary function of the pump remains the same, 
i.e. to pump water through the pipes, the addition of sensors introduces new 
capabilities like remote control and energy efficiency monitoring. In other words, this 
rematerialisation is leading to a ‘structural deepening’ (Arthur, 2009) of the technical 
systems. Instead of replacing individual elements of the system, it impacts the system 
as a whole by adding new layers to the system. As exemplified in Paper IV, increased 
digitisation of the systems unlocks more features and functions through the integration 
of various applications (see ‘editability’ and ‘reprogrammability’). In addition, software 
development is significantly faster compared to the development of traditional 
hardware components, such as pumps and pipes (Paper IV).  
 
In contrast to other technological innovations in the context of urban water services, 
such as desalination plants or source separation systems, the introduction of digital 
technologies requires neither large technical investments nor significant alterations to 
the existing systems (see ‘distributedness’). As such, the tightly coupled nature of the 
technical systems does not hinder the implementation of digital technologies. 
However, while the technical systems do not create a barrier to digitalisation, they still 
create significant inertia (Paper II; Paper III; Paper IV). For instance, digitising 
information can be a costly and cumbersome task. Manual input of missing 
information, such as pipe material and dimensions, takes time since it often requires 
the excavation of buried pipes (Paper II; Paper III). Many utilities still lack digitalised 
information regarding their piped systems (Paper I; Paper III), which constitute 
approximately 80 per cent of utilities’ physical asset value (Paper I). Automatic input 
of information relies on sensors, where for instance the switch from mechanical to 
smart meters is expected to be done over a 10-year period (Paper III). In addition, the 
adoption of new digital technologies needs to be compatible with the existing digital 
systems which are largely built around the daily tasks of utilities (Paper III). 
Digitalisation also requires employees who are equipped to work in an increasingly 
digital environment. This thus reflects the sociotechnical nature of these systems, in 
which the rematerialisation processes require substantial investment within the social 
domain of water utilities. 
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7.2.  Actors and networks 

Prior studies have shown that digitalisation processes can significantly alter the actor 
composition in different contexts (Chanias et al., 2019; Hess et al., 2016). In many 
industries, the entry of ‘born digital’ organisations such as Amazon and Tesla has been 
the key driver of digitalisation. Incumbents have either been made obsolete or forced 
to adapt to the new digital landscape (Chanias et al., 2019; Lucas et al., 2013; Willems 
et al., 2017). 
 
In urban water systems, digitalisation largely depends on the incentive and ability of 
water utilities to act. Water utilities, core actors within the urban water systems, are 
typical examples of ‘predigital’ organisations currently undergoing digitalisation. As 
discussed in Paper II and Paper IV, the incentives or drivers of digitalisation are often 
expected to come from the disruption of core technologies, changing customer 
demands, or new digital competition. However, these conditions do not necessarily 
apply to water utilities. 
 
As discussed previously, digital technologies have not significantly disrupted the main 
products and services of urban water systems. For instance, they have not drastically 
altered how customers use and interact with these products and services, unlike digital 
music players or connected cars. Consequently, the impact of these technologies is 
more apparent on the producer side than on the consumer side. Additionally, urban 
water services are often taken for granted and receive little public attention as long as 
they function as expected (Paper I). The regulatory environment and substantial asset 
investments also hinder new entrants from competing with established providers. As 
a result, the core actors in urban water systems have not faced challenges from digital 
disruptors like Spotify or Uber (Paper IV). 
 
Instead, the incentives appear to originate mainly from expectations and the 
opportunity to act (Paper II; Paper III; Paper IV). As digital technologies do not 
threaten the main operations of water utilities, they appear to be ‘competence 
expanding’ rather than ‘competence destroying’ (Geels, 2006; Tushman and Anderson, 
1986). As illustrated in Paper II, there is a professional discourse advocating for the 
use of digital technologies. Moreover, the availability of technology and the 
accumulation of data from years of daily operations present an opportunity to leverage 
these technologies (Paper III; Paper IV). For instance, these technologies can be used 
for more efficient renewal planning (Paper II; Paper III), communication with external 
parties (Paper III), and predicting the capacity demand (Paper IV).  
 
However, the inertia found in the technical system is also found in the responses from 
the water utilities. As illustrated in the papers, there is no real sense of urgency that 
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drives digitalisation (Paper IV), even though digital technologies can address some of 
the challenges faced by water utilities (Paper III). Instead, there appears to be a general 
perception that the water sector is lagging in digital development (Paper IV).  
 
Many water utilities appear to have limited ability to act on their own (Paper I; Paper 
III; Paper IV). First, the utilities operate in an institutional environment that limits 
their agency to enact change (Paper I). Water utilities revolve around daily operations 
(Paper I; Paper III), and have limited ability to engage in innovation and change on 
their own (Paper III; Paper IV). Instead, the findings suggest that they depend on the 
actions of others. The papers show that the utilities expect their suppliers to step up 
(Paper II; Paper III; Paper IV), since they cannot finance large innovation and 
development projects themselves (Paper IV). Since digital technologies typically 
originate outside the water sector and can be considered ‘external technologies’ 
(Dolata, 2009), this may introduce new (to the industry) actors to the urban water 
systems (Paper IV). This includes private actors that can offer other possibilities and 
recourse bases to drive digitalisation projects. Peripheral actors of the urban water 
systems can thus play an important role in digitalisation, although they need to 
understand the specific characteristics of urban water management (Paper II; Paper 
IV).  
 
Furthermore, water utilities in Sweden have a long tradition of collaborating with each 
other (Paper I; Paper II). Larger utilities can act as ‘front runners’ that pave the way 
for smaller utilities (Paper II), which typically have fewer resources to engage in 
innovative activities (Paper I). However, the presence of collaboration does not 
necessarily imply coordination between utilities. Since the local or regional technical 
systems are detached from each other, it does not require utilities beyond their 
immediate surroundings to strictly coordinate the ways they operate, in comparison to 
railway actors for instance. Among other things, this has created different practices 
when it comes to data management, such as what data is stored, how it is stored, and 
how it is handled (Paper II; Paper III). As discussed in Paper II and Paper III, standards 
and common ways of operating can increase collaboration across utilities, reduce the 
uncertainties regarding security issues, and enable utilities to present a unified front 
toward suppliers. 

7.3.  Rules and institutions 

Digitalisation processes have not only triggered the need for new laws and regulations 
(i.e. ‘formal rules’) (Legner et al., 2017), but they have also challenged expectations and 
norms (i.e. ‘informal rules’) related to the usage and functionality of products and 
services (Lucas et al., 2013; Sia et al., 2016), established practices (Kronblad, 2020; 
Lanamäki et al., 2020), and the identity and role of various professions (Richins et al., 
2017). 
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There appears to be a general expectation among water professionals that they will and 
should digitalise (Paper II; Paper IV). As illustrated in Paper II, the use of digital 
technologies gains legitimacy through isomorphic processes. As such, there are 
institutional pressures in place that incentivise water utilities to adopt digital 
technologies and practices. In this case, these pressures appeared to originate mainly 
from the water professionals themselves rather than from societal expectations, such 
as customer demands, or formal demands, such as laws or regulations (Paper II). 
Similar observations have been made by others, who have pointed towards the lack of 
regulations that drive and guide digitalisation in the water sector (Markopoulou and 
Papakonstantinou, 2021; Stein et al., 2022).10 Instead, the lack of formal obligations 
may hinder or slow down digitalisation processes (Paper II; Paper III). 
 
These findings align with observations from Paper I, which suggested that water 
utilities operate in a ‘societal shadowland’ with little or no interest shown by the general 
public as long as they function as expected. Similar observations have also been made 
by others; for instance, Fishman (2011) noted that the ‘brilliant invisibility’ of water 
also has become its most significant vulnerability. Over time, this has contributed to 
characterising the industry as being ‘conservative’, ‘static’, and even ‘uncool’, an image 
which has been enacted by many of the water professionals themselves (Paper I; Paper 
IV). As discussed in the papers, this image is problematic since it limits the utilities’ 
ability to attract new competence in general (Paper I) and digital competence more 
specifically. Moreover, they cannot compete with other industries in terms of image or 
salary (Paper IV).  
 
Yet, digital technologies do not appear to challenge the existing institutional 
environment of urban water systems. The stability of urban water systems is often 
attributed to its highly institutionalised environment, wherein technologies or 
practices that break with current formal and informal rules have trouble breaking 
through, such as the introduction of potable water reuse (Binz et al., 2016). In contrast, 
digital technologies do not appear, at first, to impact the behaviour of customers, 
replace the core technologies of the existing systems, or challenge the core operations 
of water utilities. For instance, while digital technologies may require new types of 
competencies and ways of operating (Paper III; Paper IV), they do not make current 
competencies related to, for instance, hydraulic or hydrology obsolete. In addition, 
they appear to align with the efficiency logic of urban water management (Brown et al., 
2011), wherein digital technologies are expected to improve the efficiency and 
performance of urban water management (Paper III). As a consequence, the utilities 

 
10 There are exceptions of course. As exemplified in Paper II, the UK introduced the Environmental Act in 2021 
requiring sewerage operators to monitor and publicly publish data concerning their operations (see GOV.UK, 
2023). 
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are expected to remain water utilities in essence throughout the digitalisation process 
(Paper IV). 

7.4.  The coevolution of technologies, actors, and institutions 

There is no doubt that digitalisation is already taking place in the wider water sector. 
Similar to other sectors and industries, actors in the water sector are exploring the 
opportunities provided by new digital technologies. While the water sector is generally 
said to be at early stages of digitalisation (see e.g. Hayward, 2024; Manny, 2022), a 
perception echoed in the Swedish context (Paper IV), this view can sometimes be 
misleading. It suggests that urban water systems have not been digitalised at all when, 
in fact, parts of urban water operations have been digitalised for decades (Paper III). 
For instance, treatment plant operations are already highly digitalised and automated. 
However, the current wave of digitalisation has unlocked new possibilities that have 
not been fully leveraged and incorporated yet by actors within urban water systems. 
Among other things, the piped networks represent a part of the technical system with 
a low level of digital maturity. Advances in more affordable and sophisticated 
technologies are now opening up new opportunities to digitalise these parts of the 
system, potentially changing how they are managed and operated. Realising these 
opportunities, however, requires utilities to rethink certain aspects of their operations, 
such as the competencies needed to deliver urban water services effectively. 
 
Digitalisation in the water sector, however, differs from other sectors such as music, 
media, or finance. While external factors, such as Covid-19, have driven digitalisation 
in various contexts (see e.g. Kateb et al., 2022; Lu and Wang, 2023; Wade and Shan, 
2020), this thesis has focused on the internal processes and mechanisms of mature and 
stable sociotechnical systems.11 Like the water sector, the financial sector is an example 
of a sector that is usually perceived as conservative and resistant to change due to the 
critical service it provides and its strictly regulated environment. Nevertheless, the 
dematerialisation of core technologies and material artefacts, such as cash, has 
significantly impacted both the actor composition and the institutional environment of 
financial services (see e.g. Arvidsson, 2019; Sia et al., 2016; Sund et al., 2021). In 
contrast, the infrastructure systems of the electricity sector largely resemble those in 
the water sector since they are also characterised by large technical systems, lock-ins 
and path dependencies. However, the electricity sector’s more diverse actor 
composition and institutional environment has allowed it to develop differently (see 
e.g. Adams et al., 2021; Geels et al., 2021; Neska and Kowalska-Pyzalska, 2022).  
 

 
11 External factors can have a significant impact on a system, see e.g. the ‘multi-level perspective’ (Geels, 2002; 
Geels and Schot, 2007). As exemplified in several of the papers, the slow development of digitalisation processes 
in Swedish urban water systems was partly explained by the lack of crises or a sense of urgency that can be 
triggered by, for instance, extreme drought and water scarcity (Paper I, Paper IV). 
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Taking a sociotechnical system perspective, the disruptive impact of digitalisation can 
thus be explained by the coevolution of technologies, actors, and institutions, and the 
possibility to (1) dematerialise or rematerialise core technologies and material 
artefacts, (2) introduce digitally mature core actors, either through the entry of digital 
natives or the reorientation of incumbents, and (3) induce institutional change. 
Consequently, the materiality of the system sets the boundaries of digitalisation by 
determining what is or is not possible to digitise to start with. Second, the actors set 
the speed and direction of digitalisation by setting those processes in motion. Even if 
it is technically possible to de materialise or rematerialise, it requires actors with the 
incentives and capacity to do so. Finally, the institutions determine how lasting and 
substantial the impact is. Digitalisation can have a lasting impact by conforming to the 
existing institutional environment, while the substantial impact depends on the ability 
to induce institutional change. Together, the coevolution of these components shapes 
the possible outcome of digitalisation. 

7.5.  Navigating digital waters: depicting two alternative narratives 

Inspired by Smith and Raven (2012), I use the following section to describe two 
possible narratives depicting different scenarios for digitalisation in urban water 
systems. First, following the disruptive narrative, digitalisation may be framed in terms 
of ‘stretch and transform’ (Smith and Raven, 2012). In such a narrative, digital 
technologies are expected to trigger significant changes to the urban water systems. 
Although digital technologies do not replace core technologies or material artefacts as 
seen in music, media, and finance, this is not a problem in terms of disruption. As 
acknowledged by the pathway typology (Geels et al., 2016; Geels and Schot, 2007), 
disruption can also be driven by multiple, incremental changes as exemplified by the 
reconfiguration pathway. Prior studies have emphasised that the cumulative impact of 
multiple, interacting digital technologies may not be comparable with other 
incremental changes (Bodrožić and Adler, 2022; Nambisan et al., 2019; Vial, 2019). 
Digital technologies not only add new functionalities to the technical systems; they can 
also alter these systems’ very design and operation and can initiate a shift from 
centralised to decentralised infrastructure systems. Thus, this narrative follows the 
idea that digital technologies can ‘leapfrog’ the development of traditional 
infrastructures beyond their usual evolutionary progress (see e.g. Sarni et al., 2019; 
Verma, 2021).  
 
Following the ‘stretch and transform’ narrative, digitalisation is an imperative rather 
than an option (see e.g. Sarni et al., 2019). As a result, water utilities are expected to 
continue to digitalise in order to solve current and future challenges and remain 
competitive and legitimate in a digital society. For instance, smart meters allow for 
real-time monitoring as well as remote control, which enables a shift from place-based 
to non-place-based management. Among other things, this could enable a shift from 
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many small utilities, such as the case in Sweden, to a few large utilities. Following the 
discussion in Paper I, fewer but larger utilities may be better equipped to manage some 
of the reported challenges, such as competence shortages and lack of resources. 
However, as mentioned in Paper IV, non-place-based management may also represent 
a situation wherein part of the operations, such as data management and analysis, are 
outsourced to external actors. This could thus introduce new core actors and rearrange 
power structures in the urban water systems. Moreover, digitalisation could introduce 
new types of services. For instance, smart meters in households open up opportunities 
to collaborate with insurance companies in leakage prevention and handling. 
Digitalisation may thus fundamentally come to change the very perception, such as 
norms, expectations, and rules, of what constitutes urban water services, who manages 
them, and how they are provided.  
 
However, the findings of this thesis suggest framing digitalisation in another 
alternative narrative. Instead of framing digitalisation in terms of disruption, it can be 
framed in terms of a second ‘fit and conform’ narrative (Smith and Raven, 2012). 
Following this narrative, the widespread diffusion of digital technologies is enabled by 
conforming to the system at hand. By adding new digital properties to the technical 
systems, digital technologies can improve the efficiency and performance of urban 
water provision. For instance, AI-based tools can be used to identify anomalies in 
operations, such as slow but atypical deterioration of assets. Improving the efficiency 
of the systems can, among other things, reduce the need to (re)construct new systems 
or assets following increased capacity demands in growing regions. Following this 
narrative, digitalisation may be better understood as an opportunity rather than a 
necessity. Instead of presenting the solution, it represents a solution to current and 
future challenges in urban water management.  
 
Accordingly, water utilities adopt digital technologies primarily to strengthen the 
provision of current services rather than providing new ones. For instance, working 
with digitalisation can be a way to improve the image of the water sector to address the 
general competence shortage. In addition, digital technologies can increase the 
visibility of these otherwise hidden services, which can strengthen the utilities’ ability 
to enact change. Framing digitalisation as an opportunity rather than a must can also 
strengthen the utilities’ mandate to put demands on suppliers. Finally, continued 
digitalisation does not necessarily cause radical change but it can also lead to 
incremental changes to the institutional environment. The fact that digital 
technologies are ‘incomplete by design’ (Garud et al., 2008) and can adjust to the 
existing environment may be the very reason why they continue to diffuse within this 
presumed conservative context. This narrative thus describes a scenario that better 
aligns with the transformation rather than the reconfiguration pathway (see Geels et 
al., 2016; Geels and Schot, 2007). 
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The ‘stretch and transform’ and ‘fit and conform’ narratives are not mutually exclusive 
and naturally overlap in multiple aspects. Both narratives depict digital technologies 
as solutions to various challenges in urban water management and suggest that parts 
of the existing sociotechnical systems will change following digitalisation. However, 
the different narratives are promoted by different actor groups with varied target 
audiences, potentially leading to very different outcomes for the system at large (Smith 
and Raven, 2012). Ultimately, the narrative that dominates the discourse may 
determine who navigates these processes. The stretch and transform narrative, 
prominently visible in the digitalisation literature (see e.g. Bodrožić and Adler, 2022; 
Nambisan et al., 2019; Vial, 2019), appears to be promoted primarily by influential 
industry actors in the global water sector (see e.g. Walter, 2024). The fit and conform 
narrative, however, presents a scenario that may better reflect the situation and 
expectations of water utilities. In this context, fit and conform narratives may be 
necessary to get acceptance for digitalisation efforts that, over time, can have 
transformative implications for urban water systems. 
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8.  Conclusion 
When I began my doctoral studies, I was confronted with the conflicting narratives 
surrounding digitalisation and water. Digitalisation, often described as the major 
technological trend of our time, is associated with disruptive, rapid, and inevitable 
change. This perspective dominates the academic literature, in which numerous 
studies have explored how digitalisation transforms various businesses. It is also 
prevalent among practitioners, with digitalisation not only a strategic priority for 
business leaders but also a key item on political agendas. In the water sector, digital 
technologies are expected to cause traditional infrastructures to leapfrog normal 
development steps and drive an anticipated transformation. However, the water sector 
is often seen as conservative and resistant to change, which is attributed to its 
infrastructure systems and focal actors. Instead, many studies have shown how it tends 
to resist radical shifts. By using a sociotechnical systems approach, this thesis aimed to 
explore what digitalisation means in mature and stable infrastructure sectors, such as 
the water sector. 
 
While digitalisation is associated with transformative change, it is not necessarily 
bound to the notion of disruption. Instead, understanding digitalisation calls for 
contextual anchoring in which the context sets the conditions and boundaries for 
possible actions. In urban water systems, digital technologies cannot replace core 
technologies or material artefacts, such as water and the technologies needed to 
distribute and collect these services. Instead, digital technologies are add-ons to the 
technical systems and incorporate new digital properties into the technologies and 
material artefacts through processes of rematerialisation. Similarly, the core actors of 
the urban water systems, i.e. the water utilities, have well-anchored positions in the 
system. Due to legal frameworks and asset investments, new (digital) entrants cannot 
easily disrupt or replace these actors. Instead, digitalisation largely depends upon 
incentives and the ability of these actors to act. Consequently, this sets the boundaries 
for digitalisation in urban water systems and explains why digitalisation in the water 
sector naturally differs from the development witnessed in industries such as music or 
media. 
 
Similarly, urban water systems are not inherently conservative. In general, path 
dependencies created by significant sunk investments, long-term durability of 
technologies, and vested interests in existing infrastructure hinder new technical 
innovations. The core actors also face limited flexibility due to budget constraints, 
regulatory compliance, and societal expectations tied to their service delivery. 
However, implementing digital technologies do not require substantial investments or 
major alterations to the existing systems. Instead, they can be integrated successively 
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into various parts of existing technical systems where their ‘incompleteness by design’ 
allows them to adjust to the demands and expectations of the core actors. Even those 
actors with low digital maturity can begin implementing digital technologies tailored 
to their specific needs and capabilities. Ultimately, the transformative capacity of 
digital technologies lies in the synergy of multiple technologies, which collectively open 
new avenues for innovation. 
 
This signifies that neither digitalisation nor the water sector is necessarily as disruptive 
or conservative as often portrayed. While system characteristics shape the 
digitalisation processes in urban water systems, the adaptability of digital technologies 
allows them to conform to the systems at hand. Therefore, in contrast to common 
belief, it is not necessarily the disruptive potential of digital technologies but rather 
their ability to fit and conform that drives widespread digitalisation. Over time, this 
can cause transformative change in various contexts. 

8.1.  Contribution to research 

This thesis builds on and bridges two main literature streams: studies on digitalisation 
and studies on (change in) sociotechnical systems. The former, discussed across a wide 
range of academic fields, originates from and remains a key concern for information 
system scholars (Mertens and Wiener, 2018; Riedl et al., 2017). The latter is a central 
concern in the large technical systems and sustainability transitions fields, with 
transition scholars particularly interested in how established sociotechnical systems 
transform (Köhler et al., 2019; Markard et al., 2012). To the best of my knowledge, 
there has been limited overlap between these two literature streams to date (see e.g. 
Mouthaan et al., 2023). Combining these streams addresses various calls from their 
respective fields. 
 
First, this thesis contributes to the information systems field by addressing the need to 
study digitalisation at multiple levels of analysis (see e.g. Faik et al., 2020; Vial, 2019). 
The skewed attention to the organisational level is not particularly surprising 
considering that the information systems field is well intertwined with the business 
field (Baskerville and Myers, 2002). To address this gap, I proposed that sociotechnical 
systems provide a useful lens to study digitalisation situated at the meso-level of 
society. This, in turn, comes with several implications. First, it accounts for changes 
that go beyond digitalisation’s immediate and highly visible impact, thus 
acknowledging that transition processes take years to unfold and involve 
reconfigurations of technologies, actors, and institutions. As acknowledged by 
Orlikowski and Scott (2023), the institutional changes represent an important but 
understudied aspect of digitalisation. Second, it acknowledges the involvement of 
different types of actors, such as social groups and public entities that have received 
less attention in the digitalisation literature (Buck et al., 2023; Plesner et al., 2018), 
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and accounts for factors that shape the agency of the actors who are part of the system. 
Third, it can combine ideas from various academic disciplines, thus addressing calls 
for more transdisciplinary and interdisciplinary research on digitalisation (see e.g. 
Hund et al., 2021; Lanzolla et al., 2020; Legner et al., 2017; Verhoef et al., 2021). 
Finally, it allows for a comparison between different empirical contexts, which also 
addresses calls to investigate why some contexts are more adaptable to digitalisation 
than others (see e.g. Nadkarni and Prügl, 2021). 
 
Second, this thesis contributes to the sustainability transitions field by addressing the 
need to study digitalisation ‘in its own right’ (Sareen and Haarstad, 2021). While prior 
transition studies have involved the use of digital technologies (see e.g. Bäumle et al., 
2023; Papadonikolaki et al., 2023; Pouri and Hilty, 2021; Smith et al., 2023), 
digitalisation is rarely at the core of those studies. For a similar discussion in the 
information systems field about putting digital first, see e.g. Baiyere et al. (2023), 
Legner et al. (2017), and Riedl et al. (2017). This omission is surprising, especially 
considering the attention digitalisation has received in adjacent fields, such as 
innovation studies (see e.g. Benner and Tushman, 2015; Haefner et al., 2021; Lyytinen, 
2022). To address this gap, I proposed that digitalisation can be understood as change 
processes (transitions) driven by the use of digital technologies, drawing upon the 
information systems field to understand the peculiarities of these technologies. This 
too comes with several implications. First, it acknowledges that digitalisation must be 
understood at the aggregated level, which goes beyond the adoption of individual 
technologies. Second, it takes into account the nature of digital technologies, which are 
interconnected and constantly being developed with properties such as editability, 
interactivity, reprogrammability, and distributedness (Kallinikos et al., 2013). Finally, 
it creates further opportunities to investigate the ambiguous connection between 
digitalisation and sustainability (see e.g. Bohnsack et al., 2022; Mouthaan et al., 2023). 
For instance, it allows for closer investigations into the coupling of the green and digital 
transformations, i.e. the ‘twin transitions’, which has received extensive political 
attention (see e.g. EU, 2021) even though few studies have demonstrated this coupling 
empirically (Mäkitie et al., 2023). 
 
To conclude, digitalisation must be studied in various contexts and at different levels 
of analysis. Assessing the impact of digitalisation potentially leading to a digital 
transformation goes beyond studying the impact of single technologies or user cases. 
Instead, it requires consideration of the combined influence of multiple technologies 
at the aggregated level of organisations, systems, industries, or society, among other 
domains. Consequently, the nature and scope of the possible transformation depends 
on the context within which digitalisation is situated.  
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8.2.  Contribution to practice 

Similar to other sectors, digitalisation in the water sector is ongoing but its overall 
impact has thus far been moderate. Comparing the water sector to other sectors may 
provide insights into the different aspects that affect it. For instance, actors from the 
water sector may learn from studying other sectors with similar technical profiles (e.g. 
large technical systems), actor compositions (e.g. monopoly markets controlled by 
public entities), or institutional environments (e.g. strictly regulated settings). 
However, fully assessing the impact of digitalisation calls for examinations within the 
specific empirical context under investigation. This thesis addressed the need to move 
beyond the use of single technologies or user cases (Daniel et al., 2023; Hoolohan et 
al., 2021; Manny, 2022), and take a systemic approach to digitalisation. Presuming that 
continued digitalisation is desirable, this thesis provides several recommendations for 
practice and policy. 
 
From a managerial perspective, this thesis highlights some of the actions water utilities 
need to carry out since they have a central role in the water sector and are thus pivotal 
in the ongoing digitalisation in urban water systems. The findings suggest that while 
utilities do not lack the incentives to digitalise, such as pursuits for efficiency 
improvements, they often lack the necessary resources and competencies to do so 
efficiently (Paper III; Paper IV). The current misalignment between digital 
technologies and the technical and organisational structures of water utilities implies 
that they may not be able to reap immediate benefits from digitalisation (Paper III). 
Instead, this is likely to require long-term investments that build a digitally competent 
organisation over time. For utility managers, this requires a shift from daily operations 
to strategic priorities. For example, developing a digitally competent organisation may 
involve hiring individuals with skills that are unconventional for water utilities and 
offering competitive salaries to attract such talent. In addition, digitalisation initiatives 
must be anchored in the overall organisation and move beyond the initiatives of 
individual employees. However, the findings indicate that utilities do not need to 
manage these digitalisation processes alone (Paper IV). Suppliers and consultants are 
likely to play a crucial role in this transition. For utility managers, this means 
leveraging external expertise and making strategic procurements to drive 
digitalisation. For instance, it means that part of the costs associated with the use of 
digital technologies, such as development, licensing, and skilled personnel, may be 
shared among different parties. Unlike private, profit-driven organisations, water 
utilities also have the advantage of being able to allow digitalisation to progress at a 
pace that ensures safe and reliable development. 
 
From a policy perspective, this thesis highlights the need for policies that guide 
digitalisation efforts in the water sector. Due to contextual differences, it is important 
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with policies that consider sector-specific characteristics. As noted in this thesis and 
observed by others (see e.g. Markopoulou and Papakonstantinou, 2021; Stein et al., 
2022), there is a lack of policies that guide or drive digitalisation in the broader water 
sector. Considering the regulatory environment in which water utilities operate, policy 
interventions can be a powerful tool to advance digitalisation. Policy interventions are 
needed not only to create better conditions for digitalisation but also to level the 
playing field among water utilities, thus ensuring that digitalisation is accessible to all 
and not just those with stronger resource bases. For instance, policy interventions can 
remove some of the commonly reported barriers towards digitalisation, such as a lack 
of standards and ambiguous security requirements. Without such guidelines, 
individual utilities are left to make critical decisions regarding performance and 
security on their own. Policy intervention can also provide water utilities with the 
necessary mandate to make strategic investments in digitalisation. The findings 
suggest that utilities have limited ability to act beyond their daily operations (Paper I, 
Paper III), signifying that any strategic priority must be well-anchored in the overall 
objectives of the utilities. These policies do not need to address digitalisation directly 
but rather establish a framework that encourages utilities to innovate in general. 
Consequently, policy interventions may be needed at regional (e.g. digital agendas for 
municipalities), national (e.g. cybersecurity standards), and international (e.g. 
requirements on suppliers) levels to enable and drive digitalisation in urban water 
systems. 

8.3.  Avenues for future research 
Digitalisation is not a new concept, nor does it represent entirely new phenomena. 
Since the onset of the digital revolution in the 1950s, digitalisation has gained attention 
in the broader public and academic discourse under various forms following different 
waves of technological development. While the labels we use to describe digitalisation 
may change, digital technologies are likely to continue to impact and reap attention in 
the wider society. As a result, the possibilities for future research are as broad and 
diverse as the concept of digitalisation itself.  
 
Within the context of the water sector, digitalisation is still seen as being in its early 
phases (Hayward, 2024; Manny, 2022), which provides scholars with numerous 
opportunities to continue to explore and follow its development over time. While the 
technical possibilities of using individual digital technologies are well-documented (see 
e.g. Fu et al., 2022; Geetha and Gouthami, 2016), more attention needs to be focused 
on their combined impact on social, organisational, and environmental contexts, 
among others (Hoolohan et al., 2021). For instance, can digital technologies enhance 
the visibility and awareness of water services? Does continued digitalisation enable the 
alternative organisational structures to emerge? Can the design and operation of 
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infrastructure systems be transformed through the use of digital technologies? These 
questions, to name just a few, represent promising avenues for future research. 
 
Another avenue for future research would be to focus on the limits or drawbacks of 
digitalisation. In this thesis, I took the perspective that digitalisation can drive 
transformative change in urban water systems, and I considered what such a 
transformation could look like. However, an equally important and interesting topic is 
the limits of digitalisation. Are there cases when it is possible, but not desirable, to 
digitalise? When should we aim for digitalisation and when should we be more cautious 
about digital development? The water sector is just one example of a sector where 
reliability and stability are crucial and any disturbance can have severe consequences 
for society at large. While digitalisation can improve the efficiency and performance of 
these services, it also exposes them to new types of risks such as cyber threats (see e.g. 
Michalec et al., 2022; Rasekh et al., 2016). Others have raised concerns about the 
intended and unintended consequences for sustainability, such as biases in and 
unequal distribution of algorithmic usage (Galaz et al., 2021) and the use of resources 
and electronic waste following digitalisation (Bohnsack et al., 2022).  
 
Finally, studying digitalisation not only allows for but also encourages different 
conceptualisations of digital phenomena (see e.g. Bailey et al., 2022; Benner and 
Tushman, 2015; Gkeredakis and Constantinides, 2019; von Krogh, 2018). In this 
thesis, I have followed the traditional approach of studying change processes 
(transitions) following the introduction of new technologies. However, digitalisation 
opens up a conceptual plurality in transition studies (John et al., 2022). An alternative 
approach to studying digitalisation is through the lens of multisystem interactions (see 
e.g. Andersen and Geels, 2023; Rosenbloom, 2020). As discussed in the previous 
chapters, digitalisation, and ultimately digital transformation, is not about the use of 
single technologies but rather the development of a (technical) system of 
interdependent and interacting technologies. This technical system can be described 
as ‘loosely coupled’ (see Hughes, 1983; Mayntz and Hughes, 1988), following due to 
the modular architecture and loose couplings between digital components 
(Henfridsson et al., 2014; Tilson et al., 2010; Yoo et al., 2010). In addition, 
digitalisation is largely driven by a few ‘big tech’ companies, such as Apple, Microsoft, 
Meta, and Google, who have a significant influence on digitalisation processes (Beard, 
2022; Montes and Goertzel, 2019). Scholars have also pointed toward distinct digital 
logics (Schildt, 2022), which in transition terms can be treated as a regime on their 
own (see e.g. John et al., 2022; van den Ende and Kemp, 1999). Therefore, digital 
technologies can be conceptualised as digital sociotechnical systems in themselves (see 
e.g. Vannuccini and Prytkova, 2023). This calls for a closer investigation of the 
characteristics of such a sociotechnical system, which likely differs significantly from 
more tangible systems such as water, energy, and transport systems. Studying 
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digitalisation in established sociotechnical systems may thus alternatively be 
understood through the lens of multisystem interactions, wherein the digital system 
interacts and integrates with the focal system under inquiry. This, among other topics, 
represents one possible avenue for future research. 
 
In summary, digitalisation will likely remain a topic that continues to engage both 
scholars and society. Future research has the potential to go beyond exploring the 
technical possibilities of digitalisation, investigate its limits and drawbacks, and build 
on diverse conceptualisations and understandings of digital phenomena. These 
approaches can provide a more nuanced perspective on the future prospects of 
digitalisation. 
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