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Abstract 

The purpose of the thesis is to develop an understanding of how and with what effects 

smart technologies are being deployed in informal urban settlements. Despite 

ongoing integration of advanced Information Communication Technologies (ICT) 

within the fabric of cities, often under the banner of smart urbanism, research around 

this has predominantly focussed on wealthy urban areas in the Global North or, from 

a purely technical perspective. Although overlooked within smart urbanism research, 

informal urban settlements are increasingly embedded with digital technologies and 

data platforms to solve multiple infrastructural issues. There is however, a growing 

push to develop a critical and global understanding of smart urbanism, one in which 

the realities of this technology-led process are examined at multiple levels and across 

urban environments. This thesis builds on these critical efforts and examines the 

impact and consequences of smart urbanism for informal urban settlement 

communities and their infrastructures. Nairobi, Kenya is chosen as the site of 

examination given its leading role within Global South ICT networks and its many 

examples of smart technologies and data platforms integrated within the city’s 

informal urban settlements and their infrastructures. 

The thesis draws from urban political ecology and in particular, a situated approach 

to understand infrastructures as conduits of diffuse forms of power within informal 

settlements. In addition, the thesis is the first to employ the analytical framing of 

infrastructures as heterogeneous configurations to examine smart urbanism, allowing 

the study to move beyond traditional formal/informal binaries and instead, 

accommodate its variety of human and technical components. The thesis develops 

this analytical approach further by demonstrating how smart technologies within 

informal settlements, and the data they generate, comprise of geographically spread 
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configurations. A qualitative research approach was used for the study to best explore 

the social facets of smart urbanism within Nairobi’s informal settlements. Interviews, 

focus groups, observations and ethnographic methods were used to collect data, 

these selected due to their ability to unpick the realities of how smart technologies 

and data platforms reconfigured urban infrastructures.  

 The thesis finds that not only is smart urbanism evident within Nairobi’s informal 

settlements, but it has spurred a reconfiguration of both the physical materiality and 

associated structures of power related to the infrastructures of these areas. Smart 

technologies, here represented by the Internet of Things, altered numerous social -

material f lows within informal settlements, notably, elements of trust inherent within 

infrastructural configurations. The findings also show that data platforms both 

navigate and impact the infrastructural f luidity and fixities of these areas. The 

arguments of the thesis provide important contributions to global discussions on smart 

urbanism, suggesting that if harnessed by citizens and developed within the situated 

realities of informal urban settlements, the integration of ICT within the urban fabric 

of these areas can provide new opportunities for infrastructural justice. This thesis 

provides a new approach to develop this holistic understanding and in doing so, 

contributes to debates on developing citizen focussed smart cities as well as the role 

of ICT within notions of urban informality. 
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1.1 Purpose and Outline 

The purpose of the thesis is to develop an understanding of how and with what effects 

smart technologies are being deployed in informal settlements. The introduction 

provides a general overview of smart urbanism and the context for the thesis. The 

chapter initially begins with an exploration of smart urbanism’s global manifestation. 

The thesis builds upon literature that has explored the often overlooked human and 

social components associated with smart urbanism and visions of the smart city. In 

addition, the thesis harnesses literature examining the politics and power associated 

with ICT, related data and their integration into urban networks.  Research within this 

literature is vital in recasting understanding of digitally mediated urban visions and, 

through empirical examination, helps reconfigure smart urbanism into something 

benefitting human rather than just capital components of the city.  

These debates have been selected as opposed to technical examinations of smart 

urbanism, due to the urgent need to understand this process away from top-down 

private led initiatives commonly associated with the smart city and, in addition, to push 

thinking about this within a global context. Beginning from the premise that smart 

urbanism is currently manifesting beyond top-down visions associated with the smart 

city, and instead, as something developing at countless intersections between the 

digital and physical spaces of cities, the thesis harnesses the concept of critical smart 

urbanism in order to explore how this process plays out with respect to urban 

informality. In addition, by building upon critical urbanist literature from the Global 

South, the thesis seeks to harness associated concepts from post-colonial urbanism 

within the context of smart urbanism and informality. The thesis identif ies the need 

for to develop a critical understanding of smart urbanism, whilst also pointing to the 

merit in using current critical approaches for understanding the manifestation of this 

process within informal areas of the Global South. The first chapter concludes with 

the aim and research questions of the thesis which are designed to address the 

current deficits in understanding around smart urbanism’s manifestation within 

informal urban settlements and their infrastructures.  

 

1.2 Urban growth and future city visions 

By the year 2050, 68% of the world’s population is predicted to live in cities through 

a combination of ongoing growth in existing urban populations and increasing rates 

of urbanisation (Heilig 2012). Although the growth and spread of cities occurs globally, 

both demographically and spatially, many leading cities of this expansion are located 

in Africa and Asia, regions which are expected to host over 90% of the predicted 

population increase. With the majority of the world’s population now residing within 

urban environments, it is of significant importance to not just understand how cities 

work and  are managed in the present, but also to explore how we can guide their 

development around sustainable principles for the future (McCormick et al., 2013). 

Growing resource demands and increased rates of consumption from urban 

populations over the last decade, have resulted in cities becoming key contributors to 

a range of global social, environmental and economic challenges, whilst also being 
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important sites in which these issues manifest. For example, cities are both leading 

causes of climate change as well as locations in which many of the repercussions are 

most notably felt (Bulkeley et al., 2014). In addition, poverty, widening inequalities 

and environmental degradation are additional issues which cities and their 

populations across the globe are facing on a daily basis (Satterthwaite & Mitlin 2013).  

Making sure cities grow and develop sustainably, is crucial in the coming decades, in 

order to lessen the impact of many of the aforementioned urban and global 

challenges. The creation and adoption of the New Urban Agenda at the United 

Nations in 2016 provides a guideline for how countries can best practise sustainable 

urban development over the next two decades (UN Habitat 2016) and in the 

Sustainable Development Goals (SDG) set forward by the UN, SDG 11 focuses on 

‘making cities inclusive, safe, resilient and sustainable, (UN Habitat 2016). Within 

SDG 11, infrastructure is central towards enabling sustainable urban growth, allowing 

the population’s demands to be met by adequate, safe and affordable resources 

(Thacker et al., 2019). 

Throughout history, when many of the pressing challenges around climate change, 

environmental degradation and economic inequalities have come to the fore, both 

public and governmental discourses have looked towards visions of urban fu tures as 

planned projections that could tackle these issues. Urban governments face ongoing 

pressure to make cities not only enjoyable places to live, economically productive and 

environmentally sustainable, but to also be able to support growing populations over 

the longer term (Landry 2006), which is where future urban visions come in. Over 

many decades, urban planners, city mayors, private enterprises, academics and a 

range of other stakeholders in the city’s future have put forward initiatives, plans and 

visions that focus on how the city should or could look to meet these aspirations. 

Some of these visions have included the ‘resilient city’, ‘green city’, ‘sustainable city’ 

and ‘knowledge city’, ‘eco-city’ (De Jong et al., 2015). Although these various taglines 

of urban visions have been used interchangeably, they hold weightings as to the 

different aspects upon which they focus, such as sustainability or environmental 

protection (Katuka et al., 2018).  

Over the course of time, cities have been shaped by advances in technology, whether 

it is the engineering advances of the Roman Empire (Oleson 2008) or the industrial 

revolution of the 18th and 19th centuries (Ioannides et al., 2008). Through ongoing 

advancements within information communication technologies (ICT) over the past 

few years, digital technologies have shaped not just how we connect with the world 

and our everyday interactions within it, but also, how we understand and experience 

our urban environments (Kitchin 2018). Through increasing capabilities of ICT, new 

human-physical networks are continuously being created which enable data and 

information to be instantaneously and seamlessly collected, analysed and shared. 

Technologies such as GPS, navigation software, mobile phones and underlying 

internet infrastructure have resulted in major shifts in how the city is planned, 

managed and experienced at various spatial, social and cognitive levels (De Lange 

& De Waal 2017). Now however, urban stakeholders are increasingly turning to these 

advanced digital technologies and looking towards how their capabilities can be 

further harnessed through incorporating ICT across the urban fabric and in doing so, 

create new efficiencies, produce savings, generate revenue and potentially help 
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achieve targets around sustainability (Kominos 2009), often coming under the 

auspice of the ‘smart city’ (Albino et al., 2015) 

 

1.3. The Smart City 

The smart city emerges at the confluence of  desires to create better urban futures 

and to harness the potential of ICT and has become a dominant initiative for countless 

urban stakeholders across the globe over the last decade (Angelidou 2015). Often 

overlapping conceptually with similar areas such as the knowledge city, the green city 

and the digital city, the smart city can be seen to incorporate the focus of these 

aspirations, whilst additionally striving towards the incorporation of ICT within nearly 

all aspects of urban life such as governance, economy, culture and mobility (Dameri 

& Ricciardi 2015). The majority of attention over the past few years around the smart 

city has tended to focus on large, top-down developments such as Konza Technology 

City and Masdar City (Shelton et al., 2015) where urban development megaprojects 

are aligned with the ‘smart’ tagline. Beyond these megaprojects however, there is 

increasing interaction between local and national economic and planning policy 

around discourses associated with the smart city in already existing cities (Hajer & 

Dassen 2014). These differing avenues in which notions of the ‘smart city’ are 

harnessed, therefore, result in a lack of comprehensive understanding of what exactly 

constitutes this urban technologically-led future, reflected by its amorphous and 

allusive definition (Hollands 2008; Glasmeier & Christohperson 2015). Whilst an 

operational definition of the smart city has been provided by Caragliu et al., who note 

it as being when “investments in human and social capital and traditional ( transport) 

and modern (ICT) communication infrastructures fuel sustainable economic growth 

and a high quality of life, with a wise management of natural resources, through 

participatory governance” (2011: 70), a lack of concrete understanding has seen the 

uptake of the ‘smart city’ tagline across a spectrum of plans and projects (Shelton et 

al., 2015). A consequence of this lack of robust definition combined with its relative 

amorphousness, has been the smart city being leveraged as a tool by both public and 

private bodies to attract and engage with circulations of capital, as opposed to any 

social, political or environmental transformation at the local level (Wigg 2016).  

 

1.4. Aspirations of the Smart City 

Despite its unclear and relatively loose conceptual foundations, the smart city 

presents a range of opportunities and benefits to communities, businesses and 

governments alike. For Shelton et al., (2015), they stress the importance and need to 

focus attention on the ‘actually existing’ smart city, where ICT integrations within the 

urban fabric occur within already existing cities away from the large, capital and media 

attracting megaprojects. By focusing on the ‘actually existing’ smart city, the merits of 

this techno-utopian tagline can become better identif ied and grounded within actual 

engagements between ICT and the urban fabric. As Griff inger (2015) suggests, the 

smart city and the integration of ICT within the everyday lives of urban populations 

and the infrastructures they rely on, has the potential to improve efficiencies across 
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multiple urban systems, thereby supporting sustainability targets and providing 

efficiencies. With smart city’s focus on increased connectivity between human and 

physical components of the city, opportunities emerge for communities to access real-

time information, when they need it and in the form they desire (Molina et al., 2014). 

As Alghanim et al., (2017) suggest, when citizens have this greater access to 

information, it enables them to become more active within their local communities, 

support bottom-up decision making, direct help towards vulnerable groups and 

improve their local environments, culminating in a better standard of living for many 

(Gaur et al., 2015). The notion of ubiquitous access to information, underpins many 

promises of the smart city and is often highlighted as something that can support 

social justice targets (Rossi 2016). For citizens, the smart city is often heralded as 

helping bring about greater participation within the daily governance and decision 

making of urban areas, typically identif ied in aspects of E-governance (Paskaleva 

2013), where ICT offers citizens new routes to engage in democratic processes (de 

Waal & Dingum 2017).  

In addition to promises of improved democracy, the smart city is regularly associated 

with more broader benefits around urban management in general. The mass of data 

generated by digitally infused urban systems and their infrastructures, coupled with 

data continuously being generated by citizen’s personal devices, are increasingly 

becoming aggregated and presented in urban dashboards, controlled by both public 

and private organisations focussed on urban management (Kitchin et al 2017). Many 

of these dashboards are underpinned by the idea that by aggregating increasing 

amounts of data, its successful analysis and visualisations provide robust grounding 

that can inform decision making for urban managers (Lombardi  et al., 2012; De 

Lange 2018).  

With its focus on integrating a spectrum of advanced digital technologies within its 

urban fabric, the smart city is also recognised as a spatial arrangement that provides 

opportunities for testing and learning. By creating smart urban systems, smart cities 

can become opportune sites into which new designs, innovations and technologies 

can be plugged-in, tested, monitored and potentially rolled out further (Veeckman & 

van der Graaf). As sites of experimentation, or as is increasingly termed ‘Urban Living 

Labs’, smart cities offer real world examples of the merits or challenges that various 

smart technologies may face (Evans 2011; Paskaleva et al ., 2015). With an urban 

future increasingly likely to be centred around the integration of ICT within the fabric 

of cities, smart cities represent important socio-technical arrangements where digital 

changes and reconfigurations to infrastructure can be tested.  

 

 

1.5. Smart City Challenges 

Despite the global potential of the smart city to transform urban societies, the concept 

faces a range of potential challenges and pitfalls, as well as eliciting a range of 

criticisms and concerns. Although not all of them, five leading challenges and crit iques 

of the smart city have been identif ied by Marvin et al., (2015), these being; its adoption 
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of technocratic governance, the corporisation of governance within it,  its creation of 

vulnerable urban systems, its excessive control of citizens and the politics of urban 

data.  

Exploring these aforementioned critiques of the smart city in turn; 

• The first criticism is the adoption of technocratic governance, which refers to 

the reliance of technologies and algorithms to understand and solve social 

issues. When facing complex social problems, technocratic approaches to 

governance assume that these can be ‘neatly defined, structured and well-

scoped, solved algorithmically and do not involve politics or social norms’ 

(Janssen & Kuk 2016: 371-372).  

• The second criticism of smart cities, the corporatisation of governance within 

smart cities, is reflected by the growing role private corporations play in the 

daily running, managing and governing of urban areas. Corporations such as 

IBM and Cisco have gained a significant role in cities’ operations by providing 

the software and technologies on which smart cities rely, whilst also playing 

a major part in analysing the data generated from these. This increased role 

for corporations has also born concerns about its impact on society, where 

decision making in cities becomes based on profit rather than public need 

(Kitchin 2014; Cardullo and Kitchin 2019a). 

• A third challenge to smart cities is their inherent creation of vulnerable urban 

status through the integration of ICT within the urban fabric. By adding a 

range of digital technologies within urban infrastructures, these once 

analogue systems now become increasingly brittle and vulnerable to hacking 

(Khatoun & Zeadally 2017; Kitchin & Dodge 2019). As Cerrudo (2015: 14) 

identif ies, smart cities rely on wireless sensors embedded throughout urban 

systems, to generate real-time information and produce efficiencies, but in 

doing so, become open to numerous security problems and external 

subversion. 

• The fourth criticism of the smart city centres on its excessive control of 

citizens and the challenges to societal and personal freedoms.  With an 

ongoing integration of smart technologies within the urban fabric of cities and 

steady uptake of personal digital technologies across society, data continues 

to be generated and collected by various stakeholders, including private and 

public bodies. For businesses, infrastructure providers and governments 

alike, whilst the data provides opportunities for improving services, it also 

lends itself to the profiling of populations, excessive surveillance and 

commercialisation of the value of data through its trading (Van Zoonen 2016).  

• A fifth critique of the smart city is with regard to the politics of urban data. 

Decision making within urban governance is increasingly reliant on algorithms 

to process data and identify courses of action. Despite this trend however, 

algorithms have become depoliticised and their underlying politics 

overlooked, resulting in a lack of accounting as regards their consequences 

for structures of power (Kitchin et al., 2016; Calzada 2017; Meijer 2018). 

Not only does the smart city often fail to achieve the benefits frequently touted by 

proponents, but there remain concerns around its manipulation and funnelling of 



   
 

17 
 

power and capital into wealthier urban enclaves. Despite many of these concerns 

however, the smart city is an increasingly common aspiration for urban development 

and one that continues to proliferate across the globe.  

 

1.6. Developing a Critical Smart Urbanism  

In recent years, efforts to better examine the smart city and the ‘smartening’ of cities 

has moved away from a sole focus on the large top-down projects such as Masdar 

City and Songdo and instead, sets out to understand how the integration of ICT is 

reconfiguring the very processes of urbanism that shape cities (Kitchin 2014; Vanolo 

2014). As both an area of investigation and an ongoing urban process, ‘smart 

urbanism’ has become a prominent area of interest for academics, policy makers, 

urban managers and communities alike.  

Smart urbanism arrives at the intersection of future city visions, ICT and changing 

urban infrastructures, where cities are moving from conventional modes of 

arrangement and management to ones underpinned by ‘smart logics’ (Luque-Ayala 

2016). Representing the broader sense of ICT being integrated into the urban fabric 

of cities, smart urbanism can be evidenced within a spectrum of urban environments 

across numerous cities around the globe (Karvonen et al., 2018). Smart urbanism 

continues to manifest itself, whether intentionally through specific urban projects or 

unintentionally through the organic uptake of ICT by citizens (Luque-Ayala 2016). As 

McFarlane and Söderström (2017) note, despite reservations to engage with smart 

urbanism, given its strong ties to corporate and private interests focussed on 

harnessing it to acquire capital, its global manifestation, often away from top-down 

projects and rhetoric, points to a need to engage with this as a field of study. In order 

to become a useful tool and point of focus to improve the urban life of citizens across 

the globe therefore, smart urbanism must be pushed and develop both empirically 

and conceptually (March 2018). 

Within current research around smart urbanism, there has been a push for scholarly 

efforts within the field to engage examination of ICT’s urban integration with the 

realities and everyday processes of cities. Whilst traditional approaches towards 

understanding smart urbanism have allowed a broad spectrum of explorations around 

the numerous ways in which ICT has been embedded within cities, how policy has 

been used to support this and the examination of some of the immediate 

consequences of an increasingly smart urban fabric, var ious deficiencies of this 

approach have been identif ied. Verrest and Pfeffer (2019) suggest that whilst current 

approaches to understanding smart urbanism have offered insights into how notions 

of ‘smartness’ are taking hold across global urban development  discourses, there 

remain a lack of epistemological and ontological understanding about the urban 

environments, situated dynamics of power and interrelations with social factors that 

any notions of smart urbanism would have. For those working within and researching 

smart urbanism, there has been a steady recognition of the need to engage the field 

with critical urban theory in order to not only further the understanding of this digitally 

led urban process, but also to provide a base for this area of examination (Kitchin 

2019).  
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Critical urban theory, reflecting a broader engagement of critical theory to the analysis 

of urbanism, moves away from and rejects technocratic and market-focussed forms 

of urban knowledge, instead focussing on the political, ideological and social 

contestations that create urban space in order to provide critiques of power, 

inequalities, injustices and exploitation (Brenner 2009: 198). With the city recognised 

as a space that shapes capitalism as well as being shaped by it (Castells 1979), 

understanding urbanism in the 21st Century must engage with the realities of the 

smart city and its ever global manifestation (Kuecker & Hartley 2020), prompting a 

need for critical smart urbanism.  

Critical smart urbanism draws together a critical understanding of the city and the 

increasing interactions between digital infrastructure and the urban fabric, across a 

global scale, and has become a leading intellectual paradigm within work around the 

smart city (Guma 2019). For Luque-Ayala and Marvin (2019), developing a critical 

understanding of smart urbanism, would allow understanding about its implications at 

a socio-technical and political level, whilst also providing grounding for future research 

agendas, further noting; 

“Given the significant implications of smart urbanism there is an urgent need to 

critically engage with why, how, for whom and with what consequences smart 

urbanism, is emerging in different urban contexts” (2019: 3) 

For Luque-Ayala and Marvin, whilst smart urbanism continues to gain popularity for 

urban municipalities, given its ability to attract capital, there is little in the way of critical 

examination of these transformations. Wig (2016) echoes this sentiment around the 

need to consider smart urbanism beyond its immediate technical components and 

instead, to consider; 

“the longer process of technologically driven, entrepreneurial economic development 

as well as digitally driven civic engagement, looking past [smart urbanism] policy 

script and onto the actions circulating around the policy’s implementation” [ibid: 549] 

In addition to the recent efforts discussed above that have specifically centred on 

developing critical smart urbanism, wider work has also tackled many overlapping 

issues.  

A leading area of the critical work around smart urbanism has been the identif ication 

of the neoliberal underpinning of this process, its consequences for the governance 

of smart cities and its impact on notions of citizenship. Cardullo & Kitchin’s (2019a), 

recent work on the neoliberal logics of smart urbanism within Europe proposes that, 

within the blueprints of smart cities, there remains a neoliberal form of citizenship that 

continues to be promoted by public and private bodies. Whilst efforts by numerous 

urban stakeholders have attempted to recast the smart city as being citizen-led, 

bottom-up and serving the daily needs of society, smart urbanism, the very process 

driving these urban transformations, remains focussed on consumer-led, 

consumption models (Vanolo 2016; Wiig 2015). Within these framings of smart 

urbanism, the availability of choice has become idealised as something that can 

support citizenship, but as many point out, this neoliberal ideology does little to 

advance the needs or demands of communities (Marvin et al., 2015).For Cardullo and 



   
 

19 
 

Kitchin (2019a), offering increased choice without any meaningful avenues for citizen 

participation, leads to communities being unable to create the natural bonds and 

structures that enable cities to survive, further noting; 

“...the paradox of fostering increased choice with less meaningful participation for 

citizens, is due to the contradictory coming together of forms of technocratic and 

market driven governance with poorly understood and practised notions of 

conviviality, commoning, civic deliberation, resource sharing, trust building, and other 

face-to-face forms of confrontation and living that make polis and communities work” 

(ibid: 820) 

Smart urbanism and its neoliberal underpinnings play out against a backdrop of 

globally competitive cities which continue to reinvent or recast themselves in order to 

attract and retain capital (Theodore et al., 2011). For the neoliberal modes of 

governance inherent within many globally facing cities, smart urbanism emerges as 

not just arrangements of technocratic solutions for reducing urban inefficiencies, but 

as a powerful tool to be wielded in order to reconfigure the urban form to attract capital 

(Hollands 2008; Sadowski & Bendor 2019). As Wiig (2016) identif ies, for many post-

industrial cities such as Philadelphia in the US, the technical solutionism inherent 

within smart urbanism emerges as a useful opportunity to tackle urban issues, given 

its focus on small, digital interventions that can remain outside of municipal politics. 

When cities adopt smart city rhetoric, it provides them opportunities to rebrand 

themselves as smart, intelligent and forward-thinking, relying on the social norms 

associated with advanced digital technologies (Kitchin 2014). As Wiig (2015) 

suggests however, smart urbanism at a holistic level is rarely ever able to solve all 

the urban issues it is intended for, and instead, often becomes another tool harnessed 

by neoliberal structures of urban governance. As seen in the case of Philadelphia and 

its adoption of  smart urbanism, Wiig (2016) notes 

“Rather than dealing with the qualitatively different problem of widespread post-

industrial economic decline, inner city marginalization, and a lack of economic 

opportunities for hundreds of thousands of city residents, the smart city discourse 

reduced Philadelphia’s recent past into one problem with a [technical] solution” (ibid 

2016: 548) 

In addition to its neoliberal underpinnings and natural accompaniment to techno-

solutionism, smart urbanism has also been identif ied as having additional 

consequences for aspects of urban governance and notions of citizenship. For 

Leszczynski (2016), urban governance’s reliance on algorithms and big data is 

something that urgently warrants examination. In their work on urban futures and the 

smart city, Leszczynski identif ies how these algorithms which increasingly underpin 

urban decision making may not only reinforce inequalities but they are also reflective 

of the increasing involvement of corporations in urban governance. Smart urbanism 

therefore, may not only not only fail to meet its democratic goals, but could also even 

erode the rights of citizens by increasing the power of large, private companies (Di 

Bella 2015). 

Through the ongoing integration of ICT within the urban fabric, algor ithms and aspects 

of algorithmic governance plays a growing role within cities, spurring conversations 
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about surveillance, privacy and a right to the city. Smart urbanism therefore, remains 

closely aligned with these various issues, given its focus on harnessing the 

capabilities of digital technologies within the urban environment. As a data-driven 

form of urbanism, smart urbanism naturally lends itself to support ‘rote, procedural, 

rule-driven, top-down, autocratic means of managing how a system functions and 

how it processes and treats individuals within those systems ’ (Kitchin 2019: 10). 

Therefore, even away from the large smart city development projects such as Masdar, 

smart urbanism’s manifestation across cities globally means that structures of urban 

governance continue to be shaped by algorithms, often in hidden ways outside of 

public scrutiny (Kitchin 2014; Thrift 2014). 

When thinking about how to conceptually frame smart urbanism and the multiple 

layers within it to allow a critical understanding, an approach is provided by Bukht and 

Heeks (2017) in their work on ‘scoping the digital economy’. Translating their insights 

from the intersection of ICT and the economy to that of ICT and the urban fabric, 

smart urbanism can be viewed across three levels. The first of these levels is the ICT 

sector itself and more broadly, the numerous digital technologies and artefacts 

integrated within the urban fabric. At a second narrower level, there is the analysis of 

how smart technologies and the information they generate alters the everyday 

operation of the cities. Finally, at the broader level, we can look at the consequences 

of smart urbanism beyond the immediate and instead, to how it alters dynamics of 

power and society itself.  

1.7. Understanding power in smart urbanism 

As noted above in section 1.6, there is growing recognition within smart city 

scholarship regarding the need to develop a critical understanding of smart urbanism. 

Any critical approach to understanding smart urbanism must however, account for the 

geographies of power that impact and interact with this technologically led urban 

process. The influence of post-structuralism on geography has highlighted the need 

to consider the topologies and spatialities of power within research (Allen & Cochrane 

2010; Allen 2019). The following section examines research utilising notions of power 

in discussion of smart urbanism and the smart city, identifying the insights that 

different theoretical approaches result in.  

Power and the social connections that create, reinforce and demonstrate smart 

urbanism and the smart city are aspects often noted, but rarely examined in depth. 

As Krivý (2018) suggests, whilst current work on the smart city and smart urbanism 

explores the impact of this techno-utopian discourse and practice, it has, at large, 

entirely failed to grasp functions of power within them and how, through the integration 

of technologies within the urban fabric, society responds to new arrangements of 

power which technology creates. The dearth of research on understanding power 

within the smart city is also picked up by Datta & Odendaal (2019), who identify the 

importance in developing smart urbanism research with an explicit focus on power. 

By examining notions of power within smart urbanism research it allows for further 

exploration about the consequences of this process for urban environments and 

notions of citizenship (ibid).  
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For key stakeholders involved in supporting and rolling out smart urbanism, such as 

politicians, technology developers and infrastructure providers, the integration of ICT 

within the urban fabric is part of the underlying assumption that ICT can and should 

solve environmental and economic challenges cities face in the 21st Century (Shelton  

et al., 2015). By integrating and embedding ICT within the urban fabric, it enables a 

greater understanding of processes and flows within the city. The data that emerges 

from smart technologies is assumed to support efforts towards making the city more 

efficient, sustainable and competitive in a global economy (Cardullo & Kitchin 2019). 

This belief, however, is predominantly held by those who already wield power in cities, 

reflected in their ability to identify, respond to and challenge problems, e.g. u rban 

officials. By harnessing the smart city tagline and associated knowledge and 

information, it can shore up the positions of people holding important roles within 

urban governance (Townsend 2013) 

With the ability of digital technologies to develop a real-time understanding of the city 

for urban governments and powerful stakeholders within the city, smart urbanism can 

be understood as a physical manifestation of the links between knowledge power. 

Smart urbanism therefore, is able to create new opportunities for forms of 

governance, often labelled ‘smart governance’. As Pereira et al. suggest, smart 

governance is ‘the use of evidence (data, people, and other resources) to improve 

decision making and deliver results that meet the needs of the citizens’ (2018: 4). 

Although smart governance is often touted however, as offering emancipatory and 

democratic opportunities for citizens to involve themselves with urban decision 

making, it may only result in new opportunities for urban authorities to manage and 

control resource flows and urban development (Meijer et al., 2016). Smart 

governance is, therefore, an attractive tool for urban governments, enabling them to 

control populations and resource flows, often directing the benefits towards those 

already wielding power in cities and wealthy enclaves within the city ( ibid).  

Notions of power within smart urbanism are tied to understanding who is counted and 

how, owing to its reliance on capturing data from technologies embedded within the 

urban fabric. As Robinson & Franklin (2020) identify, being counted within the smart 

city is different for different groups of people. For urban governments harnessing a 

smart city agenda, the distribution of technologies within the urban fabric of cities 

tends to build on pre-existing datasets about areas, often wealthier, whilst failing to 

address the ‘data desserts’ that exist in low-income areas of the city. This unequal 

approach reinforces what Datta & Odendall (2019) identify as the unbalanced power 

dynamics associated with the datafication of cities whereby, different groups of  people 

are not just under-represented or over-represented, but also represented in different 

ways. For those who wish to be counted within the smart city, they often already hold 

power through personal wealth, capital or political agency, whilst those who do not 

wish to be counted without power will be counted, often unwillingly, involuntarily or 

unknowingly (Taylor 2016). Whether through the collection of data records, 

photography, CCTV or fingerprints, surveillance and data capture within smart 

urbanism can be used to support structures of power that may wish to stop or 

challenge actions deemed nefarious or against the wishes of urban leaders. Often 

however, acts of surveillance or monitoring are highly racialised, uneven and 

problematic. Using technology in this way can lead to targeting communities already 
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over-represented within negative aspects of data, whilst simultaneously being under-

represented in positive aspects (Beer 2016; Brayne 2017). Data generated through 

smart urbanism therefore, does not always (if ever) offer  an equalisation of power, 

instead, reinforcing traditional lines of engagement and monitoring.   

Whilst useful, power in the smart city should not only be examined by researching 

what technologies and forms of data are being integrated and used, but what the 

consequences of these are for society. By exploring power in the smart city in both 

its technical and social dimensions it helps avoid technological determinism, an 

approach favoured by multinational corporations for reinforcing the neoliberal logic 

dominating global urban development (Peck et al., 2013). Power within the smart city 

can be examined through people’s everyday interactions with  technology and how 

they reinforce ways of thinking, expressions of control and dominionship. In their 

special issue on the banality of  power within the smart city, Datta & Odendall (2019) 

present the argument that smart urbanism can normalise structural and technological 

power by creating new events ‘in both the routine and sporadic’ ( ibid: 42). Through a 

combination of depoliticised everyday interactions with technology and the sudden 

enactment of soft power or brute force, smart technologies result in the demonstration 

of power in the smart city being as banal. This banality of power is however, most 

appealing to those already holding it in cities such as governments, infrastructure 

providers or private organisations. Banality of power within smart urbanism offers 

opportunities for urban stakeholders to better control and understand the city via ICT’s 

integration and direct urban development to meet their aims, all the while maintaining 

that decision making is apolitical due to ICT’s supposed neutrality (Meijer & Bolivar 

2016). When examining power within the smart city and smart urbanism, analysis 

must move beyond exploration of it in binary fashion, such as the powerful and 

powerless, and instead, look at it across different spatial and temporal plains (Datta 

& Odendaal 2019)  

Researchers’ critical examination of  the smart city often incorporates a focus on its 

architectural form and how technology’s integration within the urban fabric can shape 

this. Governments, IT companies and private organisations, all with varying 

relationships of power, may contribute to shaping smart cities architecture. A 

commonly discussed example of power’s representation through architecture in the 

smart city is that of the central control room. This architectural arrangement of the 

control room may consist of multiple screens, panels and dashboards that show the 

collection, aggregation and analysis of the data constantly flowing within the city. The 

central control room enables decision makers to view a real-time and potentially 

automated version of the city (Bellini et al., 2018). As Wood & Mackinnon (2019) 

suggest, the control room of the smart city represents both a signifier of power by 

making the city visible, and an enabler of power by its panopticon design. For Caprotti 

(2019) however, the control room of the smart city resembles a reactive panopticon, 

one that not only enables observation of what happens in the city but can also shape 

and influence it. Building on Jeremy Bentham’s notion of the panopticon,  Foucalult 

examines this architectural form within Discipline and Punish (1977). Within this work, 

Foucault notes how panopticonism represents power in its purest form, where citizens 

(prisoners) are in a state of permanent visibility by those who hold power but are 

themselves, unable to communicate with each other. Through its dynamics and 
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design, panopticonism makes power more economic and effective, breeding docility 

in citizens and maximising utility. Given this distinction of the panopticon, many 

researching the smart city frequently draw parallels between this architectural form of 

power and the control rooms that are an increasingly common component of this 

techno-utopian vision (Krivy 2018: Klauser et al., 2014) 

 

The automation of urban processes and decision making within smart cities is 

frequently undertaken by code and algorithms that are designed to understand, 

analyse and respond to data returning from smart technologies. As Klauser  et al., 

(2014) suggest, the code within smart cities is complicit in both implying and 

reinforcing power and regulatory dynamics. As Kitchin & Dodge (2011) note, the code 

that underlies smart urbanism is never neutral, instead, it builds on bias and 

assumptions from their designers that differentiate and prioritise certain societal 

groups and individuals. Furthermore, code within the city can support particular 

modes of capitalist production, ones that further a continued elaboration of neoliberal 

models of governance, infrastructural provision and societal arrangements (Graham 

2005). Code and algorithms within smart urbanism are often harnessed by powerful 

actors within global and neoliberal economies to maximise their or the city’s role within 

international flows of capital. Code and algorithms within smart cities can also provide 

their creators with positions of power by enabling technology companies such as IBM 

to establish themselves as ‘obligatory passage points’ in the smart city (Söderström 

et al., 2014). These companies, now holding powerful positions in mediating the 

governance of cities, can use their designed code to shore up their future positions in 

directing the policy of smart cities ( ibid). The code and algorithms of smart cities 

therefore, whilst often presented by senior urban stakeholders as neutral and 

apolitical, are in fact embedded within significant power, both in their design and 

utilisation.  

As the above discussion identif ies, smart urbanism and its broader framing of the 

smart city are tied to notions of power in countless ways. Power within smart urbanism 

can be seen in how the process creates and destabilises social connections, 

reinforces the positions of powerful urban stakeholders and within the architecture of 

the smart city itself. Furthermore, examinations of power within smart urbanism 

identify the dangers of power being presented as banal within this and the underlying 

mechanisms of control within the algorithms and code that underpin this digitally led 

process. As Datta and Odendall (2019) and Krivý (2018) both suggest, as researchers 

continue to develop a critical understanding of smart urbanism, it must be one that 

explicitly examines power, as opposed to leaving it as an abstract notion. If power is 

to be included within smart urbanism research, it needs theoretical accompaniment 

to best enable a critical examination of this socio-technical process.   

 

1.8. Critical Smart Urbanism in the Global South 

A critical approach to smart urbanism is imperative if aspirations to develop more 

human-centric visions of smarter urban futures are to be realised. Critical smart 
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urbanism must be global in its nature and outlook, taking into account the variegated 

urban environments which demonstrate ‘actually existing’ smart urbanism. With over 

61.7% (400 million) of Africa’s urban population living within informal urban 

settlements and this figure projected to increase to 1.2 billion by 2050 (UN Habitat 

2015), it is these environments that potentially stand to benefit most from a human-

centric form of smart urbanism. Despite awareness of informal settlements’ 

challenges around sanitation, resource access, rights, security, poverty and crime, 

there remains a lack of understanding about how smart urbanism is and could better 

reshape informal urbanism. A critical smart urbanism must therefore, actively engage 

with the realities of ICT’s integration within the urban fabric of informal settlements to 

help support human-centric urban change within these areas. In doing so, smart 

urbanism could help support the vital economies of informal urban settlements whilst 

simultaneously acting as a tool to leverage better standards of living and work towards 

tackling the sustainability challenges of these areas.   

With its global manifestation and uptake within the discourses of numerous 

municipalities, smart urbanism can be evidenced as a process not only existing within 

wealthier urban enclaves in places such as the United Kingdom, Europe and the 

United States, but it has also become a ‘powerful and performative discourse within 

the Global South’ (McFarlane & Söderström 2017). Developing a critical 

understanding of smart urbanism that accounts for the realities of cities in the Global 

South therefore, is crucial for not just understanding how this process manifests and 

impacts communities, but also in helping to wrestle it from corporation control and 

placing the power within the hands of citizens ( ibid). As Verrest and Pfeffer (2019) 

note, smart urbanism has gathered pace across the globe, noting; 

“The concept now travels around the world, taking hold of governance processes in  

cities as diverse as Tel Aviv, Cape Town, Songdo, Amsterdam and Delhi….Promising 

tools for effective and efficient governance by means of state-of-the-art technologies, 

Smart City policies respond to urban governments’ desire to improve governance 

processes and to be a state-of-the-art, ‘world-class’ city”. (1329) 

For cities in the Global South, smart urbanism can be seen in both the top-down led 

policy and strategy by governments, municipalities and corporations, but also in the 

bottom-up, grassroots or hybrid combinations that see the public embedding ICT 

within urban processes.  

Much like in the Global North, smart urbanism offers cities in the South avenues for 

technological solutions to a range of urban challenges, whilst also being a tool to 

attract or leverage capital in the city. These benefits of smart urbanism have therefore, 

seen it frequently adopted in the policy, discourses and strategy of countless 

governments, municipalities and corporations within the Global South. Beyond these 

top-down efforts however, there is an increasing awareness about more bottom-up 

or hybrid arrangements which bring about smart urbanism. As Guma (2019) notes, 

across many cities in the Global South and often within low-income or informal areas 

of these urban areas, there is an ongoing integration of advanced digital technologies 

within their urban fabric and countless examples of the impact of these on how cities 

are run and experienced. For Guma, this reality points towards a need for a critical 

engagement around smart urbanism in the Global South, one that moves away from 
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solely focussing on the large, utopian and often western visions of smart city 

developments, and instead, attends to the realities of ‘actually existing’ smart 

urbanism (Shelton et al. 2014) within a range of urban profiles.  

Within the Global North, understanding about the integration of technologies in cities 

has slowly shifted away from an approach focussed on homogeneous application and 

instead, to one that accounts for the local nuances and practices that impact any 

digital project (Marvin 2015). For cities in the South however, smart urbanism is 

frequently rooted in the conceptual space that explores which western technologies 

could and should be adopted (Guma 2019). Urban environments of the Global South 

therefore, remain framed as areas of exception within smart urbanism and merely 

passive recipients of technologies developed in cities such as London and New York 

(Watson 2014). Various attempts however, have begun to examine smart urbanism 

in the Global South and to push a more situated understanding about associated 

processes and needs. Some of these scholarly efforts include Przeybilovicz et al., 

(2018), who looked at the consequences of smart urbanism discourses for processes 

of urban governance in Brazil, and  Purwanto (2018), who examined the impact of 

smart urbanism on bureaucratic reform in Indonesia. These efforts however, remain 

few and far between. 

In recent years, there has been a growing volume in academic efforts to understand 

smart urbanism, drawing upon notions of critical urban theory, whilst also paying 

attention to the situated ways of knowing and learning inherent within cities of the 

Global South. One leading researcher within this has been Ayona Datta, with their 

work examining the consequences of smart urbanism for postcolonial cities (2018) 

and the role smart cities as urban utopias play in shaping India (2015a). This work 

points towards a growing reality for many cities in the Global South, where the 

promises of smart cities touted by government officials and private developers not 

only rarely match up with reality, but represent something entirely separate from the 

ongoing engagement between urban populations and ICT. Datta (2015a; 2015b), 

examining the 100 Smart Cities project in India suggests that as a planning tool, the 

smart city is inherently connected to colonial urban planning. This connection is noted 

in the smart city’s overlooking of urban realities faced by subaltern populations as well 

as the cities in the South being sites where northern visions of smart urbanism are 

transplanted. For Datta, there is a duality to smart urbanism, with it existing as both a 

tool wielded by urban elites that ‘causes dispossession and citizenship struggles. and 

as something already existing at grassroots level that can support struggles for 

citizenship rights and social justice’ (2015a: 66). Furthermore, smart urbanism within 

the Global South is tied to postcolonial urban futures, where citizens and governments 

position their engagement with ICT as part of rapidly transitioning economics, 

societies and even cultural norms (Datta 2019a), which all represent facets of smart 

urbanism that must be taken into account in any examination.  

Developing critical smart urbanism in the Global South needs to be rooted within both 

postcolonial urbanism and an awareness of the realities of everyday lives in different 

urban environments. Studies such as this thesis, therefore, must actively engage with 

these fields of study when developing research approaches to empirically understand 

smart urbanism within areas such as informal urban settlements.  
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1.9. African Smart Urbanism 

Whilst there has been a long history of scholarly engagement on the integration of 

ICT across numerous African cities (Hahn 2012; Nyeko et al., 2013; Nwanko et al., 

2019), increasing attention is now being given to smart technologies and their 

consequences for the people and communities who live across various urban profiles. 

For Baptista (2015), prepayment technologies such as smart metering, have allowed 

people to access electricity via new infrastructural configurations and in the case of 

Maputo in Mozambique, the integration of these devices within urban energy 

infrastructures altered dynamics of power for residents, whilst also presenting 

challenges through reinforcing certain inequalities. Broto et al., (2019) and Broto 

(2017), also examine the consequences of prepayment technologies within 

Mozambique, suggesting that prepaid electricity tokens and associated digital 

infrastructures may not result in the emancipatory energy goals initially set out due to 

issues of control and ownership. What these findings about smart metering within 

African cities point to, is the increasingly common reality in which the impact of digital 

technologies within the urban fabric is neither the result of just top-down efforts or 

from citizen’s uptake, but instead, a combination of the two.  

Mobile phones are another example of ICT’s impact on African society, with these 

enabling new networks of connection across the continent, allowing information to be 

shared nearly instantaneously (Aker & Mbiti 2010). Whilst lots of research around the 

mobile phone in Africa has explored its transformative impact on rural communities 

(Etzo & Colander 2010; Porter 2012; Asongu 2013), its consequences for urban 

communities has also been noted. For many low-income communities within urban 

areas across Africa, mobile phones have enabled people to be able to access news 

and information, from which they were previously frequently excluded, which has 

consequences not just on how media operates but also for  balances of power within 

cities (Kreutzer 2009). In addition, mobile phones and their impact on notions of urban 

democracy (Ajayi & Adesote 2015) and urban health (Hampshire et al., 2015) are 

also identif ied, with both sets of researchers often noting that whilst these 

technological advances can support a range of desired outcomes, there always 

remains a need to better understand the local contexts in which they are integrated. 

With the importance of mobile phones for numerous everyday engagements within 

cities, research around their impact helps inform any critical understanding of smart 

urbanism. 

Perhaps the most transformative impact of mobile phones on the African continent 

over the last decade, has been that of mobile payment technologies and associated 

mobile banking systems. Now, a multibillion dollar industry that incorporates a range 

of technologies, financial infrastructures, institutions and global political powers, 

mobile banking has resulted in significant shifts within countless economies across 

the African continent (Acker & Mbiti 2010). For many low-income communities, both 

rural and urban, they have traditionally lacked access to modern financial services 

and associated infrastructures, but with the dawn of mobile banking and associated 

technologies, this has enabled even those with the most basic of SMS phones to be 

able to save, send and spend money (Mbiti & Weil 2015). Originally spawning from 
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users wanting to send unused airtimes minutes to friends and family (Beck et al., 

2009), mobile banking services have continued to spread and develop across Africa, 

reflecting an ongoing demand for financial services from previously unconnected 

populations. 

Whilst several mobile phone banking services have taken root across African 

countries such as South Africa and Nigeria, the impact of these technological 

advances and uptake is most notable within East Africa (Gosavi 2018). Within Kenya, 

the rise of mobile payment service M-pesa enabled the significant portions of 

‘unbanked’ across the country to become connected to circulations of capital within 

the country (Jack & Suri 211). As a mobile banking service created from the need for 

many within informal economies to be able to send money, this vital service has 

proliferated across the country and is a main component of the Kenyan economy and 

everyday financial interactions for all within society. For those living within urban 

areas, M-Pesa has enabled many employees, often within low-paid or informal 

occupations, to be able to send money back to families living in rural locations 

(Morawczynski 2008), which has consequences for traditional rural market 

economies (Kirui et al., 2013) and in some cases, has empowered women (Ndiaye 

2013). In addition, during political turmoil in Kenya, being able to send remittance 

payments to family and friends within impacted areas, allowed people to be able to 

access food and water, something diff icult prior to uptake of mobile banking (Porter 

2012). As Jack & Suri (2011) and Mbiti & Weil (2015) both identify, M-Pesa has been 

hugely transformative within Kenyan economies, allowing circulations and networks 

of capital within informal economies to now become integrated within more formal 

financial institutions.  

M-Pesa and other mobile banking applications that have taken hold in East Africa and 

beyond, have also been noted as having social consequences, such as altering family 

dynamics, furthering the rights of women and providing financial security to vulnerable 

persons (Maitrot & Foster 2012). In addition to many research efforts that have 

identif ied the merits and positive impacts of mobile banking for various communities 

within Africa, there remain numerous criticisms or pitfalls of such services. As 

Wambalaba et al., (2012) suggest, mobile banking can create debt traps for those 

relying on such services within informal economies. Furthermore, fraud and various 

other scams are prominent within Pesa operations, where people are able to prey on 

those less knowledgeable in order to gain access to their f inances or to get them to 

send money (Kundu 2015). For smart urbanism within Africa therefore, it is impossible 

to separate any ‘actually existing’ cases away from the huge influence of mobile 

banking technologies, given their proliferation across different levels of society. Any 

critical understanding of smart urbanism must take into account the different nuances 

about these mobile banking technologies in order to understand how power, capital 

and digital operate within different spaces.  

Building on from the aforementioned examinations of ICT, associated digital devices 

and their integration within urban environments across Africa, there has been a 

handful of scholarly efforts that have sought to understand how smart urban ism, and 

its broader conception of the smart city, manifests across the continent and impacts 

the communities who interact with it. For Watson (2014), smart urbanism has taken 

root across African cities often as a result of private bodies and government actors 
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seeking to harness digital capabilities to extract capital from various resource 

networks. In their work examining the smart city rhetoric in India and Africa, Watson 

(2015) suggests that the rhetoric associated with smart urbanism in Africa 

predominantly aligns with development projects that exist outside of cities, such as 

new developments seen in Konza Techno City in Kenya or Atlantic Village in Nigeria. 

For Watson (2014), the smart city plays into previous discursive histories of African 

urban planning, where the urban fantasy of a utopian future is one far removed from 

reality, instead, merely becoming ‘gateways for international investments and 

showpieces for ambitious politics’ (2014: 215). Whilst developments like Konza 

Techno City and Atlantic Village continue to attract capital and column inches, they 

are far removed from any critical understanding of smart urbanism that seeks to 

unpick how the needs of citizens are being met by the integration of ICT. For many 

African cities therefore, smart urbanism appears to remain predominantly tied to the 

interests of international investors more so than the actual needs and demands of 

citizens, especially the urban poor.  

Within work that examines the ever-growing presence of ICT led urbanism across 

African cities, there have been calls to critically engage this area of work with more in 

depth understanding about how these urban environments operate and the nuances 

within them. As Backhouse notes, whilst smart city agendas continue to emerge 

within national and municipal discourses across Africa, they often do so firmly rooted 

within the economic interests of those already holding power, meaning that rarely are 

these tied to local conditions and needs such as ‘‘disaster management in Nairobi, 

power and public safety in Johannesburg, transport and crime in Cape Town’ (2015: 

8) For Odendaal (2006), the growing involvement of ICT and digital technologies 

within the fabric of African cities however, presents opportunities for increased 

participation in urban decision making through e-governance. Furthermore, Odendaal 

notes that given the availability of ICT and its increasing affordability, there remains 

significant potential for e-governance within African cities, notably within low-income 

urban areas. Whilst e-governance can offer opportunities for increasing involvement 

for the public in decision making however, Odendaal stresses that the drive by 

government to generate information and data from the urban public, often overlooks 

the oral histories and stories of communities that are equally informative for urban 

decision making. 

Focussing on Durban in South Africa, Odendaal (2011) identif ies that the city and 

others in Africa, have developed ICT infrastructure that has tended to follow pre-

existing lines of investment, e.g. wealthier urban enclaves, thereby resulting in a 

further splintering of infrastructure (Graham and Marvin 2001). Odendaal (2011), 

echoed in later work by Graham et al. (2015), identifies how investment in networked 

infrastructures in Africa may also reflect colonial and historical patterns of 

infrastructures, where connectivity between places and people predominantly serves 

the interests of overseas capital and rarely the needs of local communities, as 

reflected by the development of the railways in East Africa during the 19th Century. 

As Odendaal (2016) suggests, whilst smart urbanism gains traction within African 

cities, there are a range of issues and concerns associated with this process. 

Examining ‘smart city’ developments in Cape Town, Odendaal (2016) suggests that 

the technocratic approach that has become a driving force of these efforts means that 



   
 

29 
 

the understanding and management of the city becomes increasingly deterministic 

and merely results in greater voice for the already powerful. Odendaal does however, 

point towards other avenues for engagement around smart urbanism where its 

benefits can be harnessed by communities, as seen with Cape Town Social Justice 

Coalition, where a sociotechnical understanding of this process provided new 

understandings about how governance, digital technology and the everyday lives of 

citizens can operate more harmoniously. Smart urbanism’s inherent data-driven 

approach to governance assumes a smooth relationship and exchange of information 

between different components of a city’s or nation’s economy and society. Whilst this 

may be the case for cities in the Global North, where infrastructures of institutions 

have a longer history of cooperation development, there are stark differences in the 

regional capacities, prevailing infrastructures and organisational constraints of African 

cities, which may limit smart urbanism’s ability to promote connectivity and the data 

driven form of governance which senior stakeholders may seek (Ranchod 2020) 

 

1.10. Smart urbanism and low-income areas of African cities 

Whilst all African cities are markedly different, low-income urban areas are present in 

nearly every urban area across the continent (Myers 2011). Despite numerous 

physical, social, cultural, political and economic differences between African cities, 

the low-income areas within many of them always play a vital role in the survival of 

the urban environments in which they are located. Furthermore, these areas often 

exist within framings on informality, something that will be discussed later in this 

chapter.  

Whilst research on smart urbanism in the Global North has tended to focus on its 

manifestation within wealthier urban areas (Kitchin 2014), in the Global South, and 

within Africa, research has turned towards examining the consequences of this 

process for low-income urban areas. One of the first empirical examinations into the 

manifestation of smart urbanism on the ground within African cities, is provided by 

Guma (2019) regarding Nairobi, Kenya. Here, Guma explores smart urbanism away 

from governmental rhetoric and top-down discourses, instead examining the 

consequences of ICT’s integration within the urban fabric within low-income 

communities and informal areas of the city. For Guma, the harnessing of ICT by major 

infrastructure providers, points towards a common reality of smart urbanism in African 

cities, where companies incorporate local nuances of low-income areas to enable a 

technology’s viability. These infrastructure providers do however, maintain a focus on 

increasing market share, which contributes to a further splintering of infrastructure 

(ibid). Further work by Guma et al., (2019) notes how smart urbanism within these 

areas connects the urban poor to new financial circulations, but the consequences of 

this on power and politics are little understood. In addition, smart urbanism in Nairobi, 

is tied to low-income areas such as Soweto-Kayole, reconfiguring ICT to better meet 

their needs. (ibid). Reconfiguring smart technologies within low-income areas is also 

noted by Mitch & Odendaal (2015) in their work on South Africa’s townships. Here, 

they note that just rolling out new technologies is not enough to support low-income 

areas and instead, there need to be joined up engagement and discussion between 

all stakeholders of these areas (ibid). 
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The ongoing proliferation of digital technologies and the integration of ICT within the 

urban fabric of African cities over the last few decade - point towards aspects of 

‘actually existing’ smart urbanism (Shelton et al., 2014) and across a range of urban 

profiles. Whilst traditional research on the smart city and smart urbanism has 

predominantly been rooted within wealthier urban enclaves in the Global North, the 

handful of scholars identif ied above have forged a crucial path in examining this 

process in the Global South, notably within the context of India and Africa. Focussing 

on Africa, the work of Odendaal (2016), Mitch & Odendaal (2015), Guma (2019) and 

Guma et al., (2019), has explored smart urbanism, its manifestation and impact within 

low-income areas of African cities, providing a much needed shift from focussing on 

either wealthy areas or large smart city megaprojects. As Guma  et al., (2019) note 

however, given the speed of ICT developments and their integration within cities of 

the Global South, continued research is needed to understand how smart urbanism 

continues to manifest away from the focus on ‘utopian and Western -centric 

technocratic solutions and prototypes...being transplanted to Southern megacities 

and satellite towns ‘ (2019: 2336). Here, Guma echoes Luque -Ayala & Marvin, who 

also note the need to incorporate a global perspective when developing a critical 

understanding of smart urbanism, otherwise there will remain a’ limited understanding 

of the different ways in which smart urbanism agendas are being rolled out in cities 

of the global South’ ( 2019: 12). Ultimately therefore, if aspirations of a citizen 

focussed smart urbanism that can benefit the majority of urban populations is to be 

realised, critical understanding of this process must continue and must focus on cities 

and areas of these within the Global South that often remain overlooked.  

 

1.11. Informal urban settlements and the smartening of 

infrastructures 

For many cities in the Global South, legacies of colonialism still resonate through the 

infrastructures mediating urban environments today, in both their planning and 

administration, resulting in a range of consequences for the people who rely on them 

(Van der Straeten & Hasenöhrl 2016) As Silver (2015) suggests, the infrastructural 

reality for many post-colonial cities is one of splintered, fragmented and underfunded 

networks that suffer from a range of decision-making and planning challenges. The 

colonial powers that held control over urban areas in the Global South for decades, if 

not centuries, have resulted in these cities suffering today from decision making of 

years ago. For example, for cities previously under the control of the British Empire, 

these have developed different dependent historical infrastructures to postcolonial 

Francophone cities, due to different approaches by colonial governments on the 

layout, technologies, management and political decision making behind these 

infrastructural arrangements (Baruah et al., 2017). Colonial attempts to create 

planned, networked infrastructures within numerous cities in the Global South, often 

overlooked the needs of its growing populations, particularly those migrating to cities 

in search of work (Monstadt & Schramm 2017). This colonial infrastructural decision 

making, where resource needs of low-income communities were overlooked in order 

to serve the wealthier, European quarters, gave rise to the fragmented, decentralised 

and needs-driven infrastructures today (Silver 2015). Furthermore, with colonial 
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powers harnessing the political power of infrastructural provision, these tools of 

resource provision became highly segregated along racial and political lines (Nilsson 

2016), meaning those on the social and economic margins of cities missed out and 

still do to this day (Nilsson & Nyanchage 2008). In cities such as Nairobi, Kenya, the 

urban economic divides of the present, often follow historical colonial divisions of the 

city where safe and adequate infrastructures were provided to wealthy populations 

while low-income areas were overlooked (Myers 2011) 

The modern infrastructural ideal, the dominant vision for urban infrastructure over the 

last two centuries within Western cities (Graham and Marvin 2001), focusses on top-

down homogenous, monolithic and large scale infrastructural systems (Coutard and 

Rutherford 2015). Whilst this vision of the ‘Networked city’ has a long history of 

criticisms and failures, it has been a vision heavily promoted and set as a benchmark 

for development to cities of the Global South (Gandy 2004). Throughout the 1970s, 

80s and 90s, various development loans by financial institutions such as the World 

Bank were provided to countries of the Global South to support them in infrastructural 

development, but often with the stipulation of allowing private companies, often from 

the Global North, to carry out the building, maintenance and even the running of these 

services (Graham and Marvin 2001; Gandy 2004; Kooy & Bakker 2008). For cities of  

the South, being directed down the route of developing networked ‘modern’ 

infrastructure has led to numerous challenges, often due to the lack of situated 

understanding about the everyday realities of these cities, especially those within low-

income or informal areas (Silver 2014; Gandy 2005). In addition, many cities of the 

Global South face other infrastructural challenges due to economic and political 

instability, environmental challenges, rapid urbanisation and climate change, which 

all further contribute to an urban reality of highly fragmented, fractured and inefficient 

infrastructural systems across cities (Jaglin 2006; Mcfarlen & Rutherford 2008; 

Chelcea & Pulay 2015). As a result of these colonial legacies, forced development of 

‘networked cities’ and a range of other socio-economic and political factors, cities of 

the Global South and urban poor populations often rely on unsafe, insufficient and 

inadequate infrastructures and the provision of resources (Gandy 2004; 2008) 

Increasingly over the last few years, ICT has been promoted and adopted as a 

solution to lessen or potentially solve the infrastructural challenges cities of Global 

South face, often pushed by technosolutionist discourses from the Global North 

(Marvin & Luque-Ayala 2015). Across the Global South and especially within Africa, 

declining costs of ICT have resulted in digital and smart technologies becoming an 

evermore present part of every life within many cities (Guma and Monstdadt 2019). 

Despite numerous cities across the Global South not having the level and spread of 

internet infrastructure found in cities in the Global North, smart tech has been 

welcomed by urban municipalities as a relatively cheaper solution to solving 

infrastructural challenges (Praharaj et al. 2017). As Graham suggests ‘the fabric of 

many cities and human settlements is becoming intimately mediated with ICTs and 

other technological systems’ (2002: 34), meaning that whilst digital connection 

between and within cities is often an uneven process, the time and space parameters 

in which urban populations exist are continuing to shift (O’Donnell & Henriksen 2002). 

Digital components have been increasingly integrated within the urban fabric of many 

African cities due to their capabilities for improving resource access, as well as 
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contributing to other urban targets such as improving quality of life, reducing 

emissions and promoting renewable sources (Lazaroui & Roscia 2018). In addition, 

development agencies such as the World Bank and the United Nations Development 

Programme have continued to tout the potential of incorporating ICT within urban 

development in the Global South and offer incentives for cities to do this, despite 

however, there being scant attention as to the consequences and impact of different 

digital technologies within these urban spaces (Odendaal 2008). 

 

1.12. Integrating ICT within urban infrastructure of the Global 

South  

With mobile phones now common across urban society in the Global South (de Souza 

et al., 2011), this essential technology has moved from being a status symbol to now 

acting as a key artefact within infrastructure services. The rise of pay-as-you-go 

mobile phones and the availability of mobile banking has seen infrastructural 

configurations becoming embedded and integrated within mobile technology, 

especially as part of water and energy infrastructures. By incorporating sim cards in 

various points of infrastructure and allowing consumers to pay for resources such as 

water and energy by top-up methods on their phones, infrastructure providers have 

been able to get greater information about last-mile consumption, maximise revenue 

collection and increase infrastructural investment, across both formal and informal 

areas of cities (Nique & Opala 2014). 

In addition to mobile phone technologies, infrastructures of  Global South cities are 

being influenced by software-driven approaches to urban management and additions 

of CCTV and other video surveillance technologies. As Gaffney and Robertson (2018) 

identify, in top-down efforts to improve infrastructure management across Rio De 

Janeiro, over 600 CCTV cameras were installed across the city to allow monitoring 

and recording of daily interactions of the public with different services. Gaffney and 

Robertson note however, in Rio and many other cities of the Global South, including 

software-driven approaches to urban management has remained apolitical, lacking 

the necessary critical engagement. Söderström et al., (2014) suggests that the over 

reliance on surveillance technologies for many cities in the Global South to monitor 

infrastructures, even when these configurations may not be working, demonstrates 

the growing digital technosolutionism within municipal management. Furthermore, 

water, energy and food infrastructures within cities of the Global South are 

increasingly being embedded with technologies such as CCTV, resulting in further 

securitisation of vital resource supplies and privatisation of distribution channels 

(Husymans 2011)  

Smart technologies represent ‘the pervasive technologies that  continue to be 

integrated within our everyday lives, that are able to continuously communicate with 

each other, as well as with us, ubiquitously transmitting data and information in order 

to support more efficient use of resources’ (Brenner 2007: 10). These smart 

technologies are increasingly promoted as rational and apolitical solutions to multiple 

urban challenges, and can support increased security, participation and social 

cohesion within urban environments (Shelton et al., 2015; Karvonen et al., 2018). 
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With advances in spatial technology such as Geographic Information Systems (G.I.S) 

and remote sensing, infrastructure operators, developers and managers in the Global 

South have looked to harness these within smart technologies for a range of 

purposes. Whether it is using remote sensing technology to better plan management 

around repairing water leaks in South African cities (Ringas et al., 2020) or using 

G.I.S to map vital groundwater sources to improve sanitation in Indian cities, these 

examples of ‘smart technologies’ continue to be embedded within urban 

infrastructures in the Global South. Other example of smart technologies include 

Radio-Frequency Identification chips (RFID) which have been used to monitor 

drinking water in Indian cities, smart metering devices being used to monitor water 

consumption in Harare (Gambe 2015) and for electricity consumption in Ibadan 

(Arawomo 2017). 

Within discussion on infrastructures in the Global South, much is heralded about the 

potential for cities here to ‘leapfrog’ those of the North, referring to their ability to skip 

certain infrastructural stages of development, avoid pitfalls and instead, create 

‘modern’ infrastructures (Davison 2007). Whilst the notion of infrastructural 

leapfrogging has gained attraction within both academic and policy discourses 

(Batinge et al., 2017), issues remain regarding its assumed leaping and rapid change 

within resource configurations, with incremental changes being more likely (Murphy 

et al., 2001). As Odendaal (2010) suggests however, mobile phones in Africa do 

represent an aspect of leapfrogging, with an avoidance of historical telephone 

infrastructures of the North, and with advances in WiFi and Bluetooth, these are being 

further incorporated into infrastructures of cities in the South representing another 

avenue of this leapfrogging. 

Internet of Things (IoT) technologies, a paradigm of digital technology, harnesses 

much of the aforementioned technologies such as RFID, Bluetooth, WiFi and other 

communication networks and protocols such as Wireless Local Area Networks 

(WLAN) (Zanella et al., 2014). Cities and their infrastructures are increasingly being 

embedded with IoT devices, in order to harness the capabilities of these technologies 

to capture, store and send vast amounts of data in real-time and importantly, in a bi-

directional manner (Hammi et al., 2017). For cities of the Global South, the last 

decade has seen IoT becoming embedded within various urban infrastructures, with 

examples including smart meters, sensors, trackers and remote access devices. As 

Kotzé, P. and Coetzee (2018), note in their work on the role of IoT technologies within 

water, sanitation and hygiene infrastructure in the Global South, devices such as 

smart meters are an attractive solution to solve various challenges, enabling improved 

billing, revenue collection and management. Other infrastructures such as electricity 

and gas networks within urban areas in the Global South are also being embedded 

with IoT, to solve a range of challenges such as to reduce il legal connections, theft 

and improve safety (Omijeh et al., 2012) Furthermore, for Indian cities, solid waste 

management is turning towards IoT, incorporating smart metering devices to improve 

sanitation management by providing real-time information through data generated by 

the various devices (Bandyopadhyay 2015). 

As Datta & Shaban (2016) note, the incorporation of smart technologies and IoT 

devices within urban infrastructures of the global South, rarely results in an equal 

connection of the whole city to global circulations of capital but instead, creates more 
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connected and better served wealthier urban enclaves. Furthermore, the integration 

of smart technologies within the urban fabric of cities in the South has resulted in 

significant amounts of power and control being offered to international companies. As 

Swilling (2015) notes however, for some ‘cash-strapped cities in the South there is 

little choice’ given the urgency for infrastructural improvements, thereby resulting in 

them granting ‘long-term concessions (20-50 years) to companies such as Siemens, 

to control their infrastructures (2015: 26). Therefore, any integration of smart 

technologies and IoT devices within the infrastructures of cities represents more than 

just immediate monitoring of resource flow and instead, has much longer term 

implications for power and control. 

Despite the proliferation of Internet of Things technologies such as smart meters 

across many cities in the Global South, the predominant focus for research around 

these has been understanding their inclusion and impact within rural settings. As work 

by Ishengoma & Athuman (2018) and Dlodo & Kalezhi (2015) has shown, there are 

numerous advantages and possibilities for further incorporating IoT technologies 

within the agricultural infrastructures of rural areas in the Global South, helping solve 

numerous logistical and resource access challenges. Furthermore, as Coetzee & 

Eksteen (2011) suggest, IoT can provide a range of opportunities for helping connect 

many of the fragmented logistics networks that supply rural areas in the Global South, 

with data from IoT technologies being generated to better inform decision making. 

These research efforts, and many others, have provided useful insights for better 

understanding how smart technologies can be integrated within rural communities, 

support these populations and solve a range of infrastructural challenges. Whilst 

undoubtedly useful insights, this rural focus on the implementation of smart 

technologies in the Global South overlooks their integration within cities. Furthermore, 

when research has looked at smart technologies, such as those under the IoT 

paradigm, within cities, this has predominantly been within wealthy areas of the 

Global North, despite the ongoing integration of these technologies across urban 

profiles in the Global South (Erfanmanesh and Abrizah, 2018). As Kshteri (2017) 

suggests, despite significant potential for IoT and other smart technologies within the 

Global South, there remains scant research exploring the implications for integrating 

such devices, in spite of there being a steady rollout of these technologies across 

cities globally. Furthermore, one notable area overlooked in terms of researching the 

impact of smart technologies and the emergence of smart urbanism is that of informal 

urban settlements. For these areas however, the reality is one in which smart 

technologies such as those of the IoT and associated data platforms are increasingly 

being integrated within their urban fabric to help overcome numerous challenges that 

these areas and their communities face. 

1.13. Developing a critical smart urbanism of informality 

Informal urban settlements comprise a diverse range of physical arrangements, but 

are traditionally characterised as suffering from a lack of access to basic services and 

resources, insecure land rights, limited infrastructure provision and often a bottom-up 

approach to their development (UN-Habitat 2009). Supporting over 1 billion people at 

present with a predicted rise to 3 billion by 2050 (UN Dept. of Economic and Social 

Affairs 2013), informal urban settlements found across the global South are vital for 
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the survival of cities, as well as being key sites for creating more sustainable urban 

environments (UN Habitat 2015). With smart urbanism gaining a foothold within urban 

planning discourses globally, stakeholders of cities are increasingly identifying its 

potential merits for helping informal urban settlements alleviate some of the 

challenges they face. As Willis et al., (2018) suggest, despite informal urban 

settlements being frequently left out of discussions about the smart city, the ongoing 

integration of advanced digital technologies within these environments points towards 

a need to understand how they are being integrated, their impact and what this means 

for notions of citizens’ ‘right to the city’ (Lefebvre 1996). Examples of smart 

technologies being integrated within the urban fabric of informal settlements include 

IoT fire-detection technology within Cape Town (Luqman and Van Belle 2017), solar 

powered Water ‘ATM’ dispensers in India (Devraj 2018), smart metering for electricity 

consumption in Mumbai (Minni 2014) and smart meters for water consumption in 

Indonesian cities, (Rediana & Pharmasetiawan 2017). These examples and many 

others, demonstrate the notion of ‘actually existing smart urbanism’ (Shelton et al., 

2014) within informal urban settlements and focussing on these could help extend 

traditional analysis of smart urbanism and the smart city. As Wamba et al, suggest in 

their work exploring global research around of Smart Cities and the IoT, there are;  

“very few studies were conducted on cities from underdeveloped countries, which 

face huge challenges including waste management, electricity and water supply, 

traffic congestion, urban planning, security and public services design and delivery. 

Assessing how the IoT, BDA, predictive analytics, and industry 4.0 related tools and 

technologies can contribute to solve these issues should be included into future 

research” (2017: 7) 

Within research examining smart urbanism and the technologies inherent within it 

such as that of Graham and Haarstaf (2014), there is frequently identification that low 

income urban areas and informal settlements, both characterised by unreliable 

infrastructure could be sites within cities to most benefit from smart urbanism. As 

McFarlane (2016) suggests, many informal urban settlements exist outside the 

traditional purview of governments, meaning they exist as blank spots in the 

understanding of urban flows, but through integrating smart technologies within these 

areas however, how resources move within these urban environments becomes 

better known. In their work examining smart urbanism in Rio De Janeiro favelas 

Abernathy (2009) identif ies that the grassroots and bottom-up development 

approaches of these areas which has allowed them to survive, provides an ideal 

framework onto which smart urbanism can build due to the lack of large top-down, 

corporate initiatives that dominate traditional smart city discourse. 

Despite the handful of studies identif ied earlier that have examined specific 

interventions of smart technologies within informal urban settlements, there has, as 

of yet, been little in the way of detailed, critical examination into smart urbanism within 

informal urban settlements. With smart technologies continuing to be integrated into 

the fabric of urban informal settlements across the global South, there is an urgent 

need to understand the consequences of these for the communities of these areas. 

Furthermore, notions associated with the smart city and aspects of smartness such 

as e-governance and data capture are increasingly being discussed as visions of 

development for informal urban settlements, often through ‘slum upgrading’ plans 
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(McQuillan 2016). It is therefore important to understand smart urbanism within the 

framing of informal urban settlements as areas of transition and change, whether from 

bottom-up reconfiguration or from decisions of external stakeholders. 

Informal urban settlements populations are vital to the daily survival of cities across 

the Global South, meaning any understanding of smart urbanism in these areas 

needs to be informed by the realities that people face. For large portions of the 

population of informal urban settlements, the historical legacies of inadequate 

infrastructural provision discussed earlier, result in many relying on non-networked 

infrastructures or infrastructures that diverge from the ‘modern ideal’ to access 

resources. The ongoing integration of ICT and smart technologies within the 

infrastructures of informal settlements therefore, is something urgently warranting 

attention.  

 

1.14. Research aims 

In light of the knowledge gaps outlined above, the aim of this thesis is: 

To examine the impact and consequences of smart urbanism for informal urban 

settlement communities and their infrastructures 

Examining this blind spot in our understanding of infrastructures and informal 

settlements, allows exploration of the impact of digital change within these areas, both 

physically and for power dynamics. By addressing this deficit in current 

understanding, the thesis adds to multiple literatures, notably those around smart 

urbanism in the Global South and urban informality. In addition, the thesis contributes 

to current debates around informal urban settlements as sites of learning and the 

urgency to look beyond the technical realm with regard to infrastructural 

developments within these areas. The conceptual and theoretical approach of the 

thesis provides new sites of application for associated bodies of literature.  

To address the aim of the research, the thesis draws from the postcolonial and post-

structural critiques of knowledge and practice. The thesis’s second chapter explores 

theoretical and conceptual approaches to understanding infrastructure’s role in city 

shaping, and enables discussions around the manipulation of infrastructures and how 

both power and resources flow through them.  With awareness of the power and 

politics that reside within any smart technology or ICT enabled infrastructure (Kitchin 

2015a), the thesis utilises urban policy ecology to examine how this socio-technical 

process impacts the urban form. In addition, recent post-structuralist work notes the 

need to Situate Urban Political Ecology (SUPE), particularly within the context of 

urban informality in the Global South, in order to better understand diffuse forms of 

power within cities. Furthermore, a SUPE opens up new routes for examination of the 

socio-ecological relationships that make life possible in cities in the South and how, 

for many informal areas, the urban experience is mediated by infrastructures which 

deviate from traditional configurations (Lawhon et al., 2014). The thesis 

accommodates a situated approach to urban political ecology, one which focusses 

on the everyday infrastructural engagements common for millions within informal 
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urban settlements, to understand how smart urbanism changes these processes and 

its consequences for associated structures of power. 

In addition to drawing from a situated understanding of urban political ecology, the 

thesis harnesses the analytical approach to examine infrastructures provided by 

Lawhon et al., (2018) in the notions of heterogeneous infrastructural configurations 

(HICs). As an analytical approach, HICs create opportunities to understand the 

existence of smart urbanism and its consequences across a spectrum of 

infrastructural arrangements within informal settlements, configurations which are 

overlapping, dynamic and frequently do not follow traditional binaries such as formal-

informal, working-not working. Utilising HICs within the thesis allows thinking about 

infrastructures to move into broader conceptualisations, ones which understand the 

ever changing relationships between human and non-human inputs. 

Harnessing SUPE to understand the diffuse forms of power represented by everyday 

engagement with infrastructures (Lawhon et al., 2014) and using the analytical 

approach provided by HICs to attend to the complex infrastructural realities of informal 

urban settlements (Lawhon et al., 2018), three research questions are posed to 

address the aim of the thesis, which is to understand the consequences of smart 

urbanism for informal urban settlements and their infrastructures; 

Research Question 1: What are the consequences of smart technology’s integration 

into the infrastructures of informal urban settlements? 

Research Question 2: How do digital platforms navigate notions of infrastructural 

change within informal urban settlements? 

Research Question 3: How does smart urbanism challenge or reinforce the dynamics 

of informal urban settlements and with what consequences? 

Each of the three research questions provides the basis for the three empirical 

chapters of the thesis (Chapters 4 – 6). Research question 1 informs the paper on 

informal urbanism and the Internet of Things. The second research question 2 acts 

as the guiding aim for the paper on platform urbanism and heterogeneous 

infrastructural configurations. Research question 3 informs the final empirical paper 

of the thesis which explores smart urbanism and urban informality.  

The purpose of the research questions, and their subsequent empirical papers which 

build upon them, is to support the burgeoning field of critical urban research exploring 

the manifestation of smart urbanism within informal settlements in the Global South. 

In doing so, the thesis and its papers provide an alternative angle to examine smart 

urbanism in the Global South, one that complements the work of others in the field 

such as Ayona Datta and Prince Guma.  The thesis will provide new conceptual 

avenues for SUPE and HICs through novel empirical examinations. With continued 

interest from international agencies, governments and societies across the globe to 

develop more sustainable and human-centric cities, the thesis and its empirical 

papers act as crucial research that allows understanding of the realities and 

consequences of these urban aspirations. 
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1.15. Thesis structure 

The thesis comprises seven chapters and is structured as follows; 

Chapter One provides the background and context for the thesis. The chapter begins 

by identifying the ongoing integration of advanced digital technologies within the fabric 

of cities for a range of purposes and to solve a variety of challenges, often tied to 

notions of the smart city. Following this, the chapter explores the ongoing 

manifestation of smart urbanism within cities and the interest from policy and research 

about harnessing this process for various urban goals. In addition, calls from research 

to further a critical understanding of smart urbanism are examined alongside how this 

area of academic interest is gaining attention with respect to cities in the Global South. 

The chapter goes on to explore the prominence of smart technologies and associated 

data platforms within urban infrastructures of the Global South, their increasing rate 

of integration within informal settlements and current deficits in understanding about 

the consequences of smart urbanism’s manifestation for informal urban settlement 

communities and the infrastructures upon which they rely. The chapter concludes with 

the aims and research questions of the thesis.  

Chapter Two develops the theoretical and conceptual approach of the thesis and the 

research design to address the aims and research questions set. The chapter begins 

with an exploration of urban political ecology and other theoretical efforts that explore 

the relationship between nature, capital and urban environments. Building on from 

this theoretical understanding, the chapter explores how a situated approach to urban 

political ecology provides understanding about diffuse forms of power within urban 

informality and how this is represented and reinforced through everyday 

infrastructural engagements. Next, the chapter examines the analytical notion of 

heterogeneous infrastructural configurations for framing the diverse range of 

infrastructures commonly found within informal settlements. Building on this 

theoretical and analytical understanding, the chapter provides the research 

background, presenting the thesis’s selection of Nairobi, Kenya as a leading urban 

node within digital networks in the Global South and a site where ‘actually existing’ 

smart urbanism (Shelton et al., 2014) is present within its informal settlements. The 

next section of the chapter provides an overview of the research design of the thesis, 

including justif ication of the qualitative and case study approach used, data collection 

methods, ethical considerations, research limitations and data analysis.   

Chapter Three is a methodological research paper that examines the consequences 

of political turmoil on fieldwork. Due to a deficit in current reflexive research literature 

about the impact of less dangerous, but equally disruptive events on fieldwork, the 

paper addresses this gap. Using fieldwork notes and diary entries, the paper explores 

the realities of political turmoil on the fieldwork carried out in Nairobi for the thesis. 

The paper notes that having flexible positionalities and adaptive methodologies 

meant that some of the associated challenges could be circumvented. The paper 

concludes with recommendations as to how future fieldwork could manage the impact 

of political turmoil, whilst also encouraging continued publications of reflexive 

fieldwork accounts. 
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 Chapter Four is the first of the three empirical papers of the thesis and examines the 

f irst of the thesis’s research questions, exploring the integration of smart technologies 

(here looking at the Internet of Things technologies) within the infrastructures of 

Nairobi's informal settlements and the consequences of this integration for users and 

associated stakeholders. The paper notes how the integration of smart technologies 

has reconfigured trust within infrastructural configurations, helping smooth chronic 

infrastructural uncertainties, generating reliability and leading to increased personal 

economies. The paper concludes by considering more widely these implications of 

smart technologies for informal settlements and global smart city debates.  

Chapter Five is the second of the three empirical papers of the thesis and examines 

the second research question of the thesis, exploring how data platforms are 

designed to navigate realities of Nairobi’s informal settlements and the consequences 

of their integration for infrastructural configurations within these areas. Focussing on 

four digital platforms, the paper identifies that whilst these data tools provide avenues 

for infrastructural change through data leverage, they create unnatural f ixities for 

users who frequently live within more fluid dynamics inherent within informal 

settlements. The findings point to the inherent power that lies in digital platforms and 

how their ability to reconfigure infrastructural configurations provides both 

opportunities and challenges for users and associated stakeholders.  

Chapter Six is the final empirical paper of the thesis and examines the third of the 

research questions, examining the consequences of smart urbanism within Nairobi’s 

informal settlements on notions of citizenship and associated urban dynamics. The 

findings of the paper suggest that whilst smart urbanism limits opportunities for 

incrementality and bottom-up reconfiguration of infrastructures by communities within 

these areas, they create avenues for insurgent urbanism through data leveraging, a 

reconfiguration of stakeholder power and impacted notions of citizenship. The 

findings suggest that smart urbanism in Nairobi created new digital publics, 

dampened calls for a ‘right to the city’ and reframed notions of what citizenship 

constituted. The paper concludes by noting how the findings of the paper provide 

important considerations for smart urbanism’s global manifestation within 

marginalised communities, noting the role of ICT in reconfiguring and (re)negotiating 

entitlements, rights and potential resource commons.  

Chapter Seven concludes the thesis by reflecting on its original aim and research 

questions. The chapter evaluates how employing a critical understanding of smart 

urbanism not only helped inform the empirical analysis and contributions of the thesis 

but also points to further conceptual avenues that this field of research could benefit 

from engaging with, namely that of African urbanism. Following on from this, the 

chapter explores the merits and challenges of utilising the theoretical underpinnings 

of a situated framing of urban political ecology (Lawhon et al., 2014) when exploring 

the diffuse forms of power inherent within infrastructures of informal settlements and 

the analytical notion of heterogeneous infrastructural configurations (Lawhon et al., 

2018) for researching these. The chapter then revisits the three research questions 

of the thesis, reflecting on the f indings identif ied in each of the empirical papers. 

Building on the insights developed from the empirical papers, the chapter looks 

towards the implications of the research, here noting the urgency to engage smart 

urbanism discourses with the realities of urban informality, the role of smart urbanism 
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in shaping citizen focussed postcolonial cities, how smart technologies and data 

platforms could play a role in the physical and social reconfiguration within informal 

settlements and the consequences of smart urbanism in creating new digital spaces 

for public engagement with the city. The chapter concludes by identifying four 

avenues of future research that could build on the thesis, encouraging global research 

on smart urbanism to move beyond the physical and immediately observable and 

instead, to think about its consequences for power and citizenship across a range of 

urban settings. 
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2.1. Outline 

The purpose of this chapter is to outline the theoretical and conceptual basis for the 

thesis. The literature in the second chapter builds on the first, providing theoretical, 

conceptual and analytical avenues on which smart urbanism can be unpicked.  The 

following sections explore the critical approaches to understanding infrastructures of 

informal settlements in the Global South and use these to inform the thesis’s research 

questions. The chapter goes on to outline the research approach used to address the 

questions set, examining the data collection methods, considerations, challenges and 

limitations. Finally, the chapter concludes by briefly explaining the layout of the thesis 

and the reasons for its publication approach. Whilst the literature in the previous 

chapter focuses on smart urbanism and its manifestation across the Global South, 

the second chapter looks at conceptual approaches towards understanding 

infrastructures of informal settlements.  

 

2.2. Understanding infrastructures of informal settlements 

For many years, efforts to understand cities have often overlooked the role played by 

infrastructures in shaping the city. Frequently, the infrastructural realm has been left 

to the fields of engineering and sciences, rarely with any overlap with the socio-

political forces that guide urban environments (Larkin 2013). Over the last few 

decades however, critical understanding of infrastructures has rapidly expanded with 

numerous areas of focus and subfields. Notably, with interest from Marxist 

geographers, infrastructures of cities have become opportune entry points to better 

understand how capital, urbanisation and the control of nature shapes and is shaped 

by these socio-material configurations. 

For Chattopadhyay, “infrastructure is the central trope of modern urban thought” 

(2012: 10) and for decades, was framed as a tool which could overpower and control 

nature, further entrenching a conceptual separation between the city and the natural 

environment. For many cities in the 20th Century, nature represented uncertainty, 

something which could impact progress and subsequently, something that needed to 

be restructured in order to support social and economic progress (Mrázek 2018). 

Furthermore, post war years saw infrastructure being framed as a key indicator of 

modernity and something central within development narratives globally (Gandy 

2014). In the latter half of the 20th Century, infrastructures became conceptually 

framed as something more than just mediators of resource supply and demand, but 

also, as something supporting consumer based capitalism (Kaika & Swyngedouw 

2000). Now, infrastructures are recognised as something that could support a better 

quality of life for people and were something which could be packaged up and sold 

across the globe. 

Whilst traditional approaches to understanding infrastructure were rooted within 

engineering and technical studies, the end of the 20th century saw increasing critical 

engagement and a range of sub-disciplines forming from this. Building on the 

environmental movement of the 50s and 60s, which had concerns about the 

destruction of the natural world and rapid urbanisation, critical attention of 
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infrastructures began to form to explore how these configurations were enabling these 

aforementioned aspects (Swyngedouw & Kaika 2014). Much of the initial critical 

infrastructure studies focused on large projects such as dams and major road 

building, primarily located in rural areas (Bakker 1999), which were key areas 

representing destruction to the natural environment and having consequences for 

societies. Towards the end of the 20th Century however, attention began to turn 

towards urban environments and the role infrastructures played within cities across 

the globe. With the likes of actor-network theory, which posited that the societies and 

the physical spaces in which we live are made up of multiple, overlapping 

assemblages of human and non-human actors (Latour 1996), the infrastructures of 

cities were increasingly becoming understood as highly political and power laden 

configurations. Whilst actor-network theory advanced understanding of 

infrastructures as something beyond static, apolitical and physical systems, one 

criticism was that it failed to recognise how cities are incorporated within wider global 

nodes. With advances in technologies that enable capital to travel instantaneously 

across the globe, there is a need to understand how crystallisations of this capital 

occur within these fluid networks described by actor-network theory (Sayes 2017). 

Other prominent work to critically engage with urban infrastructures is that of Graham 

and Marvin’s (2001) notion of ‘splintered urbanism’. Building on actor -network theory 

and other work looking beyond the technical components of infrastructure, splintered 

urbanism reflects the imbalances and inequalities represented and reinforced by 

infrastructures within urban environments. Splintered urbanism offers a historical 

understanding of infrastructural development within cities. Furthermore, smart 

urbanism corresponds with global economic shifts since the start of the 20th Century, 

pointing towards the consequences of financial changes on urban infrastructures. 

Within Graham and Marvin’s (2001) work, splintered urbanism points towards an 

increasingly common reality, where infrastructural services that supply cities have 

become unbundled, often through a neoliberal push to privatise infrastructure, 

resulting in different models of ownership and operation serving various parts of the 

city. This splintering of infrastructures results in wealthy areas of cities receiving 

higher quality, more reliable and safer infrastructures, whilst those of low-income 

urban areas commonly have infrastructures opposite to their nature.  

Although splintered urbanism was a term originally developed within the context of 

the Global North, its applicability to the cities in the Global South has resulted in it 

being used as an analytical tool to understand the infrastructures of numerous urban 

environments. For Kooy & Bakker (2008) in their work examining the splintered nature 

of water infrastructure of Jakarta, they identify how the splintering of infrastructures is 

not a recent phenomenon, but instead, can be traced back to historical and colonial 

decision making. For Kooy & Bakker, decisions taken by colonial administrations 

around urban planning and infrastructure provision, has set certain trajectories which 

cities were forced to follow, resulting in the splintering of infrastructures seen today. 

In addition, they note how bottom-up efforts have also served to splinter the urban 

fabric, such as when communities reconfigure and develop their own infrastructures 

to serve their needs (ibid).  

Other work employing the notion of splintered urbanism can be seen in Swilling (2014) 

and their examination of Cape Town’s electricity networks. Here, Swilling notes that 
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whilst energy infrastructures became decentralised during post-apartheid, the 

neoliberalisation of infrastructure governance during the 1980s onwards meant that 

vital infrastructural services became ever more splintered in the following years. For 

Jaglin (2008), these post-apartheid efforts from South African government to improve 

infrastructures for low-income and middle class communities, often resulted in an 

overlooking of the large informal, infrastructural configurations that support many of 

the most economically vulnerable within the city. The splintering of urban 

infrastructures however, is something that can slowly manifest over longer periods of 

time, as evidenced by Sundaram (2009), who notes how the technological-sublime of 

the urban planner has given way to ever-splintered infrastructures to serve rapidly 

growing populations. Aspects of splintered urbanism are also represented in Hanoi 

and other cities following similar routes of growth, where the boundaries between 

rural and urban areas become blurred in a short period of time, resulting in multiple, 

overlapping infrastructures with different ownership structures serving their 

populations (Wright -Contreras et al., 2017).  

Despite the notion of splintered urbanism being employed across a broad range of 

urban geographies and within the context of numerous infrastructural arrangements, 

there is a handful of limitations if solely relying on this analytical approach to critically 

unpick infrastructural change. As Jaglin (2008) identifies, splintered urbanism fails to 

provide enough conceptual scope to explore how inequalities permeate through 

multiple and overlapping infrastructures, notably, within cities of the Global South. In 

addition, there remains a focus from splintered urbanism on how networked 

infrastructures become fragmented and bundled, thereby overlooking some of the 

historical decision making and urban planning that has caused areas to develop their 

own infrastructural arrangements, often informally or deviating from traditional, 

networked conceptualisations (McFarlane 2008b). 

Aside from the analytical and theoretical opportunities offered by both actor-network 

theory and splintered urbanism to explore the changing role and nature of urban 

infrastructure, a sole reliance on these to address the aim of the research would leave 

conceptual blindspots. As noted, whilst these two approaches have seen global 

applicability, they exist somewhat outside of the everyday realities of informal urban 

settlements and the complex arrangements of infrastructures that serve these areas. 

For the thesis therefore, it is important to turn to additional theoretical efforts to best 

explore the everyday infrastructural engagements of informal settlements and how 

smart urbanism impacts these.  

 

2.3. Urban political ecology 

Within research efforts examining urban infrastructures of the Global South, a leading 

area of theoretical work over the last few decades has been that of urban political 

ecology (UPE). UPE builds on from political ecology, a theoretical f ield which 

emerged during the 1980s, drawing on Marxist framing of the political economy and 

notions of environmental justice to highlight how any aspect of ecological change 

must not be removed from political, economic and social considerations. Around the 

turn of the millennium however, with ongoing rates of urbanisation and rapidly 
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expanding cities across the globe, the socio-ecological relationships within urban 

environments became an area of urgent interest. Drawing on political ecology, UPE 

provided an early challenge to the idea of cities representing static spaces separate 

from nature, and instead, noted them as ongoing processes of socio-ecological 

change that are tied to a range of local, national and global connections 

(Swyngedouw & Heynen 2003). As Harvey (1996) suggests, by framing the city as 

conceptually separate to nature and its multiple processes, it spurs a further 

polarisation between the human and natural environments, allowing ongoing 

exploitation of scarce resources by capital. Instead, UPE notes cities as being 

constantly produced through multiple metabolic processes, whether water or energy, 

and it is the management of these resources that ultimately shapes the city 

(Swyngedouw 2006; 2016; Heynen et al., 2006; Monstadt 2009). UPE also notes how 

historical, cultural, political, economic and governance structures play a ro le in 

shaping urban environments within both formal or informal framings and structures 

(Swyngedouw et al., 2002). 

One prominent concept within UPE is that of urban metabolism, which refers to the 

‘interwoven knots of social process, material metabolism, and spatial form that go into 

the formation of contemporary urban socio-natural landscapes’ and it is within the 

‘urban form that the metabolic transformation becomes most visible, both in its 

physical form and its sociological consequences’ (Swyngedouw and Heynen, 2003:  

906–907). For UPE, urban metabolism and the understanding of urban flows and 

circulations of nature are socio-ecologically framed, thereby enabling radical political 

questions to be asked (Swyngedouw 2006). With its roots in Marxist theory,  

metabolism for UPE is something inherently tied to human labour and exists through 

material or energetic exchange, meaning that metabolic processes happen through 

people’s desires, needs and demands (Swyngedouw 2006). Metabolic processes 

are, however, uneven, due to their existence within pre-existing social relations, 

thereby causing the benefits of metabolism frequently to accrue to those already 

holding power and controlling these processes (Heynen 2006). In addition, a capitalist 

political economy forms around temporary or long term fixes within these once fluid 

metabolic processes, where flows begin to crystallize and create systems and 

domains, with associated powers (Harvey 1996) 

For UPE, the configuration and reconfiguration of natural f lows and resources enables 

the creation of the urban environments in which capital is most at home. To control 

these flows, UPE notes the important role infrastructures play in shaping urban 

environments as a product of struggles within ever modernising cities (Kaika & 

Swyngedouw 2000). Within UPE, urban infrastructures are not just conduits for 

nature, but also represent the dominant power relations within cities and act as 

powerful tools that urban actors wield (Heynen et al., 2016). As both a conduit and 

representation of power, urban infrastructures have direct consequences for the 

urban inequalities that emerge across cities. In addition, whilst those holding power 

within cities benefit from access to infrastructures, many of the negative externalities 

from these such as waste and pollution, fall upon those without power (Monstadt 

2009).  

UPE echoes actor-network theory’s sentiment of urban environments being in a 

constant state of flux due to the multiple flows interweaving cities (Swilling 2011), but 



   
 

46 
 

takes this analysis further by examining how urban inequalities manifest themselves 

through notions of cyborg urbanism (Swyngedouw & Heynen 2003). For Gandy 

(2005) drawing on Harraway’s (1991) notion of the cyborg, cyborg urbanism intends 

to move thinking about the city away from dominant masculine and technological 

approaches and instead, draws on post-human thinning to illustrate the messy and 

complex nature of cities. Cyborg urbanism represents the hybridity within cities, where 

humans are bound together within technical and natural systems and is reflected 

within infrastructures, where the human body, technology and space come together 

as sociotechnical amalgamations. Infrastructures therefore, not only create cities, but 

they also create their own distinctive spaces within them (Gandy 2006a). Importantly 

for the aim of the thesis, Gandy (2005) notes how cyborg urbanism does not concern 

just the physical spaces of the city, but also the virtual, which represents how 

infrastructures are imagined and therefore, contribute to the urban experience.  

Within UPE, infrastructures play a central role in enabling the metabolic processes of 

the city through their cyborgian nature. For those suffering from urban inequalities 

therefore, their lack of power is often represented by a lack of access to infrastructural 

services as well as these very inequalities being reinforced by infrastructures. Within 

networked and highly controlled, monitored and historical infrastructures of the Global 

North, those facing urban inequalities are rarely able to alter or change the 

infrastructures around them to bring about a disruption in power. Within cities of the 

Global South however, and informal settlements within these, acts to change or 

reconfigure infrastructures that these communities rely on, represent not solely a 

technical but also a highly political and power laden act (Silver 2015).  

Examining smart urbanism through the lens of UPE illustrates the consequences of 

ICT’s integration within urban infrastructures. Smart technologies, their control and 

ownership represent another facet of the power-laden reality of urban infrastructures. 

As a theoretical component of critical urbanism however, urban political ecology has 

yet to be fully utilised in the exploration of smart urbanism. Whilst work by March & 

Ribera-Fumaz (2016) has explored how smart city discourses result in a 

depoliticisation of environmental management decision making, there remain few 

research efforts which have harnessed this theoretical work. With UPE providing 

important reflections about urban development and the role of infrastructures in 

mediating power relations in cities, this thesis responds to an urgent need to employ 

this critical urban theory within the context of smart urbanism.  

Within traditional framings of UPE, there remains a focus on the urban environment 

as something tied to a rigid understanding of capitalist relations. This results in 

limitations when applying this theoretical work to understanding cities whose histories 

and everyday realities are outside of this framing, such as postcolonial cities of the 

Global South. In response to this limitation, and with wider pushes towards the 

inclusion of post-structural thought and postcolonial understanding within framing of 

urban environments (Gabriel 2014), there have been calls for UPE to better account 

for the everyday realities faced by millions within cities of the Global South, 

particularly around their infrastructural engagements (Loftus 2012).  
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2.4. A situated urban political ecology 

For many within cities of the Global South, their engagements with the city often 

happen through infrastructural arrangements that differ markedly from configurations 

of cities in the Global North, meaning that UPE as a leading critical urban theory must 

expand to accommodate these realities. In recent years, there have been calls for 

urban theory to better accommodate these infrastructural realities of cities in the 

South so as to create a more holistic understanding of city-making processes, both 

historically and in the present (Simone 2004b; McFarlane 2011). For UPE, whilst its 

attention towards the things and assemblages of cities has helped better account for 

the impact and interaction between human and nonhuman components (Heynen 

2004), its integral focus on processes of capital does not appear to hold true in the 

face of everyday realities of cities in the South, even risking a universalisation of the 

theory. Furthermore, whilst UPE explores the metabolic processes of cities through 

the ‘hybrid’ human and nonhuman infrastructure of cities, there remains a narrow 

infrastructural perspective within this and a reluctance to engage in alternative modes 

of resource configurations (Gabriel 2014; Grove 2009). In addressing these 

challenges, Lawhon et al., (2014) propose the notion of developing a  situated form 

of urban political ecology (SUPE), which in their context on African urbanism, should 

be informed by understanding local context, everyday processes, practices and 

identities within these areas. Having this conceptual grounding about the actually 

existing processes in cities of the South can help support processes towards ‘radical 

incrementalism’ (Pieterse 2008), as opposed to merely producing or reproducing 

broader critiques of capital. Through SUPE, theory can emerge and be informed by 

the realities and everyday processes of a broad spectrum of urban environments in 

the Global South and notably, the millions who rely on non-networked infrastructures.   

Whilst traditional UPE primarily builds its infrastructural analysis around the modernist  

notions of networked infrastructures, often applying Northern epistemologies to cities 

of the South, SUPE intends to better accommodate urban realities for those who 

interact with other forms of infrastructures. By building an understanding of the city 

from a bottom-up approach (Pieterse 2013), urban theory can better accommodate 

the majority of urban populations in cities of the South, often the urban poor, who 

appropriate the city for their own ends. Similarly, accounting for the infrastructural 

realities and configurations upon which many of the urban poor within cities of the 

South rely, (re)prioritises the role that humans play in controlling the flow of resources 

within urban environments (Simone 2004). A situated form of urban political ecology 

allows accommodation of wider understanding about how the reconfiguring of 

infrastructure by the urban poor in the Global South is not just a technical process, 

but instead, reflects “performance of citizenship” (Scott 1985) where spaces of 

possibility are opened up due to a lack of state agency. These opportunities for 

‘radical incrementalism’ (Pieterse 2008) in SUPE, are noted by Ernston (2013) as 

acts of stabilisation, whereby an infrastructural base is built that other everyday 

practices add to or change, with this often occurring within informal urban settlements. 

For SUPE, it is the everyday practices and diffuse forms of power that exist within 

infrastructural arrangements, often within informal urban settlements, which enable 

theoretical understanding about the city to build from a bottom-up perspective. SUPE 

builds on advances within Southern urbanism and ongoing postcolonial 
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understanding of cities (Myers 2011; Roy 2011; Robinson 2006; Robinson and 

Parnell 2011) which have sought to challenge the dominant, northern modes of 

knowledge production around cities (McFarlane 2008b; Chakrabarty 2007). In 

addition, by harnessing scholarship which has continued the development of African 

urban theory (Mbembe & Nuttall 2004; Watson 2009; Myers 2011; Pieterse 2017),  

SUPE is shaped by alternative examinations of how power is contested and 

represented through infrastructures and their interactions with and by the urban poor, 

whilst also offering new avenues for spaces of hope and change. Given its strong 

theoretical foundations and focus on diffuse forms of power, SUPE has been 

incorporated across a wide range of infrastructural research, including waste to 

energy processes in Delhi (Demaria & Schindler 2016), refuse infrastructures in 

Dakar (Fredericks 2018) and water supply in Lilongwe (Alda-Vidal et al., 2018), 

reflecting its wider support within Southern urbanism and efforts to conceptually 

advance understanding of cities in the South.  

Despite the growing utilisation of SUPE to understand how a diverse array of 

everyday urban experiences represent and reinforce diffuse power structures, there 

has been little to no focus on smart urbanism. As the previous chapter identif ies, 

smart urbanism is already manifesting across the Global South and warrants urgent 

critical attention. SUPE provides a theoretical approach to examine smart urbanism 

from a perspective that takes into account the daily realities of people whose urban 

experiences differ markedly from those in the Global North. Given its merits for 

understanding a diverse range of urban experiences, this thesis employs SUPE in 

the examination of smart urbanism within informal urban settlements. The thesis also 

plans to extend SUPE by using it to examine the everyday engagements with data 

and digital spaces in relation to informality, something unattended to in current 

research that uses this theoretical approach.  

2.4.1. Articulating power in SUPE 

Political ecology, and the related field of urban political ecology, have largely been 

shaped by  Marxist inspired approaches to defining the production of urban space as 

something which manifests from capitalism's social relations. A Marxist approach to 

UPE notes that relationships between environmental change, political-economic 

structures and geographies result in the transformation of nature and the creation of 

urban environments (Heynen et al., 2006). Within this dialectic relationship, power 

plays an important role, both in the manner in which it is presented and how it is 

wielded by people able to manipulate urban flows and ultimately, the development of 

the city (Zimmer 2010). A Marxist framing of urban political ecology suggests that as 

resources flow through cities in their ‘urbanised’ form, they encounter different power 

relations between urban stakeholders (Castree 2002). Furthermore, when the control 

of f lows is challenged, power struggles emerge between actors in the capitalist city 

(Loftus 2019). Within an ongoing neoliberalisation of urban environments and a 

splintering of infrastructure, the structures of power within cities becomes ever more 

complex. Within this Marxist framing of urban political ecology, power is represented 

through the control and domination of flows of urbanised resources and the struggles 

between urban actors in the control of these. This Marxist approach to UPE provides 
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a useful tool for mapping the ecological and social consequences of capitalism as a 

mode of production (Swyngedouw & Heynen 2003). 

In line with post-structuralist shifts within the social sciences, voices within UPE have 

articulated calls for the theory to not be solely used for mapping structures of 

capitalism but in addition, to being used to understand how knowledge, identities and 

culture impact its manifestation (Keil & Macdonald 2016). Despite UPE’s predominant 

Marxist rooting, it has begun to engage with alternative understandings of capitalism 

and power through post-structuralist approaches, such as actor-network theory (ANT) 

and assemblage thinking, to derive alternative conceptualisations of power (Farais & 

Bender 2012). These various approaches towards understanding UPE frame power 

in different ways. UPE is largely dismissive of ANT, despite its theoretical roots 

emerging from this field and its similar framing of the role of non-humans (Holif ield 

2009). Whilst scholars such as Castree (2002) have attempted to develop linkages 

between UPE and a ‘weakened’ version of ANT, there has been little else done to 

further an ANT informed version of UPE. Within an ANT informed UPE however, 

power is primarily conceptualised and understood in terms of the individual human 

actors who hold and wield it, with nature acting as the backdrop on which this happens 

(Gabriel 2014).  

Whilst conceptual approaches harnessing ANT may explicitly focus on key actors to 

understand dimensions of power, other theoretical work may choose alternative 

elements to explore. For Deluze and Guattari, there is not a stable and fixed ontology 

of the social world and it could not be viewed by examining actors alone. Instead, the 

social world is constructed by complex layers of multiple and overlapping 

configurations that can consists of artefacts, bodies, events and other elements. 

Deluze and Guattari present the notion of Assemblage theory to provide a conceptual 

approach towards understanding the complexity of entities and going beyond 

systems thinking. Within assemblage theory power operates and manifests in the 

connections between people and artefacts and can be shaped by their spatial 

dimensions (Dovey 2011). In an assemblage theory approach to UPE, power is 

inherent within the ever-changing connections that underpin the control of resources 

and the manifestation of ecological problems within urban environments. Whilst a 

Marxian approach to UPE centres power as existing in the struggles of social actors 

to defend and create their own environments (Swyngedouw & Heynen 2003), an 

assemblage approach to UPE would centre on the ever-changing nature of 

connections within cities and how their plurality reflects alternative arrangements of 

power (Hardt & Negri 2000).  

In addition to how ANT and assemblage based approaches to UPE change our 

understanding of power, calls to situate this theoretical work also impact upon this. 

As noted earlier with regards to SUPE, scholars such as Lawhon et al. (2014) have 

articulated a need for UPE to move from solely examining capital accumulation, 

metabolism, circulation and artefacts and to instead, consider everyday practices and 

diffuse forms of power. Whilst the work of SUPE articulates a reason to shift UPE’s 

understanding of power, there are few details about how we can conceptualise power 

instead. Although SUPE scholars point towards African urbanism and political action 

within urban spaces as options for examining power instead of a traditional Marxian 

framing (Loftus 2012), few other theoretical avenues are explored.  
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As identif ied in Chapter 1.7, power within smart urbanism and the smart city is visible 

in multiple forms. With the focus of the thesis examining smart urbanism, there is an 

urgent need to critically examine power within socio-technical configuration. SUPE, 

with its framing of diffuse forms of power, provides a framework to understand power 

within smart urbanism and the infrastructures in which it manifests. To enable this 

understanding however, it is necessary to adopt a theoretical framing of power to 

address the deficits in SUPE.  

As noted in Chapter 1.7 smart urbanism is tied to notions of control, surveillance, 

governance, order and punishment. These elements are common features of Michael 

Foucault’s work as symbols and tools of different modalities of power. Foucault’s 

conceptualisation of power directly contrasts with more liberal or Marxist framings. 

Power for Foucault is represented by the relations that permeate society and is the 

term ascribed to strategic situations within this (Foucault 1977). Foucault’s analysis 

of power sees it broken up into different modalities including sovereign power, 

disciplinary power and bio-power (Foucault 1990). Whilst other modalities include 

pastoral power, the aforementioned three provide important frameworks for 

examining power within smart urbanism. Taking the first of these, sovereign power 

refers to the ways in which authorities within democracies attempt to control people 

and is most commonly presented in the forces of domination and control we frequently 

see within democarices. Sovereign power is defined by Foucault as the ability to 

arbitrate between the permissible and the impermissible and to dispense punishment 

in the event of laws transgression (Foucault 2009). Sovereign power can be identified 

in masses and is something predominantly exercised within the rule of law via top-

down administration of the political-economy (Vaughan-Williams 2009). Disciplinary 

power is ‘a mechanism of power that extracts time and labour from bodies, and it is 

exercised through constant surveillance’ (Foucault 2003). Disciplinary power can 

exist in covert or overt forms and is exercised through  a subjugation and acceptance 

to surveillance and knowledge (Fraser 1981). Bio-power is defined by Foucault as 

‘the whole of existence’ (1980: 143) and refers to the ‘diverse techniques for achieving 

the subjugation of bodies and the control of populations’ for the sake of generating 

greater utility, efficiency and productivity and is exercised at the level of life, the 

species, the race and the large scale phenomena of population’ (Foucault, 1979:140). 

These three modalities are not the only ways in which power can be theorised by 

Foucault, but they are however, three that have been incorporated within 

examinations of the smart city and smart urbanism. 

Within smart city research, there have been a handful of engagements with this 

techno-utopian vision and Foucault’s various framings of power.  For Kitchin et al., 

(2017), different forms of governmentality within the smart city reflect alternative 

balances between sovereign and disciplinary forms of power. For these authors, 

sovereign power remains a dominant mode in which power is exercised in the smart 

city, although it is challenged by ICT’s ability to provide people new sources of 

information and knowledge. Farais & Sarah (2017) identify that whilst seeking to 

harness the smart city will often put forward an accompanying narrative to the public 

that this techno-utopian future can challenge traditional structures of urban power, 

many within government know (or unwittingly acknowledge) power within the city 

remains solely in the hand of urban administrators. For Schuilenburg & Peeters 
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(2018), they suggest sovereign power within the smart city is also seen through its 

accompanying architecture. Whilst architecture has examined more traditional forms 

of the urban environment as extensions of  sovereign and disciplinary power, 

Schuilenburg & Peeters suggest there has been little to no work explicitly examining 

how more subtle versions of the smart city do this (ibid). Sovereign power, once 

traditionally visible and examined in historical forms of architecture and the 

governance of citizens by kings and patriarchies, is something that remains rooted 

within smart urbanism but as of yet, is overlooked.  

Ever growing capabilities of digital technologies integrated into the city have meant 

examinations of smart urbanism increasingly turn towards exploring how this process 

is tied to disciplinary power. For Foucault (2007), the architectural form of many 18th 

Century cities in Western Europe epitomises the physical manifestation of disciplinary 

power, where design was harnessed by governments to support the observation and 

control of people’s bodies. Smart urban ism sees a range of technologies and forms 

of data capture  being integrated into the city, such as cameras, sensors and  RFID 

tags, which researchers frequently identify as offering new framings or manifestations 

of disciplinary power (Klauser et al., 2014). For Foucault (1997; 2007), enacting 

disciplinary power within space involves the enclosing, fixing, structuring, organising 

and subdividing artif icial multiplicities into singular entities, the panopticon being a 

paradigmatic embodiment of this mode of  disciplinary power in action. Smart cities’ 

central control rooms, with their various arrangements of dashboard and screeners, 

offer what Caprotti (2019) terms ‘a videological approach to data, making the smart 

city visible through monadic knowledge and Panopticon-like control’. Critically 

unpacking disciplinary power within the smart city warrants exploration of who fixes 

and sets code in place, code that increasingly dictates how acts of citizenship take 

place (Söderström et al., 2014). Furthermore, smart urbanism presents an illusion of 

freedom, whereby individuals/consumers perceive technological advancements as 

supporting an increased sense of flexibility in society (Bina et al., 2020). However, 

when examining who sets the parameters of flexibility and choice within this illusion 

of flexibility, dominant modes of disciplinary power become evident, e.g. when urban 

governments decide which energy providers can use smart technologies in cities( 

Vanolo 2014)  . Disciplinary power within smart urbanism therefore, can be seen in 

the manner in which organisations, companies and governments utilise technology in 

order to increase consumption. The technocratic forms of governance inherent within 

the smart city reflect and amplify Foucault’s notion of security be ing a less 

deterministic form of disciplinary power. In the smart city, governments are able to 

govern through code (Klauser et al., 2014) and ongoing advances in technology, 

algorithms and data storage results in forms of governmentality being able to enact 

new and alternative forms of disciplinary power (Kuecker & Hartley 2020).  

 

Foucault’s notion of biopower overlaps with numerous facets of the smart city and 

smart urbanism. Biopower centres on the notion of the body as a machine, one which 

needs to be integrated, optimised and organised in order to generate efficiencies, 

thereby lending itself to forms of discipline to achieve these outcomes (Foucault 

2012). As technology advances, our digital and biological spheres increasingly 

overlap, as seen with the rise of wearable technologies and biocomputing (Krafft et 
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al., 2020). The blurring of digital and biological realms points towards the rise of 

biopower within the smart city and smart urbanism, one in which biometrics can be 

used to govern populations (Sadowski & Pasquale 2015). For stakeholders wanting 

to transform urban areas into efficient machines of production, there is a need for a 

‘smart citizen’, one whose body can be mapped as nodes onto digital network 

networks (Zandbergen & Uitermark 2020). As cities race to become ‘smarter’ they 

look to harness advanced digital technologies to understand and control urban flows 

(e.g. water, traffic, people) and in doing so, view the city and people within it as a 

system that must be administered and managed, encapsulated by Vanolo’s notion of 

smartmentality (2014). Smart technologies reinforce the dominant focus on the 

neoliebral city, one in which citizens exist as individual points of consumption who 

can be made efficient by being offered increased information and choice. The 

neoliberal smart city has harnessed technologies and software, with their promises of 

savings and efficiencies, in order to discipline and perfect the body in order to operate 

and exist as desired (Han 2017; Kitchen & Dodge 2011). 

The above sections identify that Foucault’s modalities of power have been 

incorporated into the analysis of smart cities and smart urbanism to understand what 

types of power exist, who is involved and how they are challenged. Sadowski & 

Pasquale (2015) note there are other approaches to understanding power in the 

smart city, notably that of a Deleuzian spectrum of control, but suggest Foucault 

remains an apparatus to best unpick and understand power within this socio-technical 

utopian vision and process.). As noted earlier in this section, scholars incorporating 

SUPE suggest this theoretical approach can identify the diffuse forms of power 

created by everyday engagements with urban infrastructures and how engagements 

relate to wider inequalities. As others have noted however, SUPE is stripped of UPE’s 

Marxian components, which results in subsequent discussions of power being 

descriptive due to no clear articulation of how this power relates to wider social theory. 

This omission within SUPE presents a challenge for understanding smart urbanism 

and the questions that it creates around power, as identif ied in section 1.7.  

To understand smart urbanism’s manifestation within Nairobi’s informal settlements, 

both smart cities’ literature and the field of African urbanism suggest critical 

scholarship must incorporate an examination of the materiality of this technologically-

led urban process whilst also retaining a framing of power, in order to understand 

what this process means for society more broadly. To address this dual need within 

smart urbanism scholarship, this thesis will harness SUPE to understand the 

materiality of everyday engagements between informal settlement communities and 

smart technologies, whilst additionally employing a Foucauldian framing of power. It 

is important to note that this thesis does not intend to, nor does it suggest, a 

Foucauldian framing of power can be plugged into a situated UPE. Instead, this thesis 

acknowledges the scholarly benefits of SUPE whilst also being aware of its 

limitations, and additionally uses a Foucouldian framing of power to provide the 

necessary social theory to explore the questions around power and social relations 

created by smart urbanism. For SUPE to better capture the multiple dimensions of 

power, ongoing scholarship such as this is needed to explore alternative approaches 

for employing this theoretical approach so that it can overcome some of its 

challenges. By additionally employing Foucault, this thesis is specifically responding 
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to the needs of the case study, that being smart urbanism within Nairobi’s informal 

settlements. For examinations of other urban processes, this approach may not be 

suitable, reinforcing the need for ongoing scholarship to explore alternative methods 

for employing SUPE. 

 

 

 

2.5. Heterogeneous infrastructural configurations 

Many of the infrastructures which support the millions living within informal urban 

settlements across the globe do not follow the same linear, networked configurations 

found within more formal areas of cities. Attempts to better understand the 

infrastructural realities of informal urban settlements have identif ied the complex 

configurations that exist and how they are multiple, overlapping and continually 

reconfiguring (Gandy 2006b; Baptista 2019). A lack of adequate resource provision 

by the state has often resulted in informal urban settlements and their communities 

developing bottom-up infrastructural arrangements in order to match an ever growing 

demand (McFarlane & Vasudevan 2014). Furthermore, when infrastructures have 

been provided by the state or external agencies to informal settlements, communities 

within these have adjusted these configurations, often illegally, to better suit their 

needs and daily financial restrictions (Silver 2014). As Guma (2019) identifies, when 

smart technologies have been integrated within informal settlements by major 

infrastructure providers, these have seen similar acts of bottom-up reconfiguration.  

For Lawhon et al., (2018), whilst there remains a growing body of work examining the 

infrastructural realities of informal settlements in the Global South, and moves away 

from purely technical narratives, there is a need within this to develop an analytical 

approach to understanding infrastructures that is more suited to the realities of these 

areas. As Lawhon et al., (2018) suggest, traditional analytical approaches to 

understanding infrastructures often follow strict binary definitions of these socio-

technical configurations e.g. formal or informal or public or private. 

Putting forward the analytical notion of Heterogeneous Infrastructural Configurations 

(HICs), Lawhon et al., (2018) encapsulate how infrastructural artefacts are ‘related 

through socio-political urban geographies’, moving discussions of infrastructures 

beyond simple ‘binaries of formal/informal or private or community ownership’ ( ibid: 

722). By employing HICs as an analytical tool for understanding infrastructures, 

Lawhon et al., (2018) suggest that it enables understanding to not be limited to the 

immediate geographies and purely technical aspects, but instead, to frame these as 

socio-technical configurations that are geographically spread and comprise of 

multiple dynamics of power. HICs also speak to the infrastructural reality of many 

informal settlements, where the idea of infrastructures ‘not working’ is different to 

those held within formal, networked areas of the city. This difference is due to informal 

urban settlement communities being able to reconfigure, adapt and change 

infrastructures from the bottom up, meaning that ‘not working’ is a loose concept and 

can exist in short and longer term timeframes. This is an important consideration for 
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discussions of smart urbanism and its manifestation within informal settlements. With 

smart urbanism predicated upon the integration of advanced ICTs within urban 

infrastructures, digital technologies may prove less adaptable or repairable by people 

within informal urban settlements. This may potentially alter the ability of 

infrastructures within these areas to continue working when something goes wrong, 

resulting in questions about longer term impact of smart technologies integration 

within informal urban settlements. These are questions that this thesis aims to 

address.  

As an analytical approach towards understanding infrastructures, HICs is aligned with 

the broader work of Southern urbanism and African urban studies, with both striving 

to place everyday experiences and local knowledge at the forefront of directing the 

development of urban theory. In addition, efforts to develop a situated understanding 

of urban political ecology (Lawhon et al., 2014) also resonate with notions of HICs, 

due to their focus on how human and non-human artefacts within infrastructural 

configurations exist beyond their immediate environment and are instead, part of the 

spread of socio-technical configurations. With a growing focus on infrastructures in 

urban studies (Graham 2010) and efforts to mobilize this within a context of the Global 

South when developing urban theory, HICs emerge as a useful analytical tool to better 

direct critical research which seeks to support efforts for radical incrementalism within 

urban environments (Pieterse 2008). 

 

2.6. Research Context 

The following section examines the study site of the thesis, that of Nairobi, Kenya. 

The section begins with an overview of Kenya’s historical engagement with ICT and 

the role digital technologies have played in transforming social, economic and 

infrastructural spheres of the country. The section goes on to discuss why Kenya and 

its capital Nairobi were selected for the thesis and the rationale for choosing informal 

urban settlements within the city to examine the manifestation and consequences of 

smart urbanism.  

2.6.1. Nairobi and the Silicon Savannah 

Despite smart urbanism and the smart city narrative continuing to manifest and 

spread across the Global South, the African continent has been a key area of 

development. Across numerous African cities, top-down harnessing of the smart city 

narrative for various development goals plus bottom-up uptake of smart technologies 

has seen the continent playing host to numerous examples of smart urbanism. For 

many African cities, they face similar economic, environmental, political and social 

challenges, but increasingly, the smart city and smart urbanism are being touted as 

technologically led solutions for these (Watson 2015). With continuing rates of rural-

urban migrations and growing populations, Africa is predicted to have over 41 

megacities by 2030 and an ongoing rate of rural-urban migration (Nero et al., 2019). 

These rapid rates of urban growth and associated change to the urban fabric see 

many of the already struggling infrastructures being put under further strain. For urban 

municipalities therefore, smart urbanism appears an attractive model for 
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development, given its lower costs for reconfiguration, reduction in inefficiencies, 

increases in revenue and opportunity to leapfrog infrastructural pathways of cities in 

the global North (Silver 2014) 

Across the African continent, large smart city development projects such as Eko 

Atlantic in Nigeria and Modderfontein in South Africa have gained media attention, 

due to their focus on these new smart cities rising from the ground. As Watson (2015) 

and van Noorloss and Kloosterboer (2018) suggest, these aspects of ‘new city 

building’ are attractive to many governments in Africa, due to their ability to attract 

international investment to build and even finance these smart cities. Beyond these 

cases of new smart city building however, there are numerous examples of already 

existing cities engaging with smart urbanism. Johannesburg, Cape Town and Algiers 

have all demonstrated engagement with notions of the smart city and the integration 

of smart technologies within their urban fabric for a range of desired outcomes (Aït-

Yahia et al., 2019; van Rensburg  et al. 2019; Coetzee et al., 2015). East Africa 

however, has been a leading area in terms of engagement with notions of the smart 

city. Asides from the development of Konza Technology City in Kenya, a greenfield 

development some 60km south of Nairobi, capital cities of Kigali in Rwanda, and 

Kampala in Uganda have both engaged with smart urbanism discourses over the past 

few years. For Kigali, the harnessing of smart technologies across the city is hoped 

to support improved air quality, food growing and improving local transport, via 

embedding ICT infrastructure across the city (Hoy 2017). In Kampala, the Kampala 

Capital City Authority have set aside $15M towards engaging with the smart city 

agenda in the city and harnessing advanced ICT within the urban fabric as well as 

helping achieve efficiencies and expanding the role social media plays in the daily 

lives of its citizens (Kamukama 2019).  

Of the many counties in East Africa engaging with notions of the smart city or 

demonstrating aspects of smart urbanism, Kenya has emerged as a leading country. 

Home to the Silicon Savannah, a term used to denote Kenya’s leading position in the 

ICT sector in East Africa and beyond, the country has seen a continued engagement 

with smart technologies and notions of the smart city over recent years (Akamanzi et 

al., 2016). Since the deregulation of the telecoms sector at the turn of the millennium, 

Kenya has been a leading figure in Africa’s ICT sector. In addition, with the landing of 

fibre optic cabling in 2009 , the emergence of large public-private telecom 

organisations such as Safaricom and supportive ICT policy from government, Kenya 

stands out as a country engaging directly with the benefits digital can bring and as an 

attractive investment for capital (Graham and Mann 2013). As Poggiali suggests 

however, whilst discourses of Kenya’s burgeoning ICT sector and notions of Silicon 

Savannah continue to gain column inches and are attractive taglines for capital 

investment, they often overlook the realities of cross sections of Kenyan society, 

noting; 

This discursive exclusion of the urban poor from the realm of technological production 

reflect[s] both a socioeconomic and political gap that exist[s] between the epicentres 

of Silicon Savannah and the informal settlements. (2019: 393) 

In recent years, Nairobi, the capital of Kenya, has become ever more entwined with 

the techno-utopian discourses associated with the smart city and smart urbanism, 
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both within policy discussions and on-the-ground engagements. In recent work 

examining the eagerness of stakeholders in Nairobi to harness the smart city concept, 

Guma & Monstadt (2020) identify a range of key steps which have seen smart 

urbanism becoming ever more present within the city. Within the Nairobi Metro 2030 

Strategy (part of the Kenya vision 2030) and the Nairobi Integrated Urban 

Development Master Plan (NIUPLAN), ICT is positioned as key in helping the capital 

become a modern, world class city. Guma & Monstadt note that whilst the ICT 

focussed development plans for Nairobi continue to rely on smart city imagery to 

attract developers and investors, the reality is that smart urbanism is already 

happening through the integration of ‘specific low-cost and easy-to-use ICTs ranging 

from metering technologies, modest phones, and basic mobile payment tools and 

applications’ (2020: 18-19). Therefore, whilst senior stakeholders and municipal 

decision makers continue attempts to align Nairobi’s smart city discourses with a false 

reality of hegemonic ideas of a modern city, the reality instead is one in which the 

everyday heterogeneous city engagements of many in the city are already host to 

smart urbanism. 

These heterogeneous engagements within Nairobi are perhaps most evident within 

the informal urban settlements of the city. With Nairobi emerging as a British colonial 

outpost in 1899 along the Mombasa to Kampala railway (Owuor and Mbatia 2008), 

colonial planning influenced the city’s shape (Lee-Smith & Lamba 2000). Throughout 

the first half of the 20th century, colonial master plans by the British administration 

sought to accommodate the demands of creating a suitable urban environment for 

the wealthy, often white, population whilst also creating space to accommodate the 

growing numbers of workers arriving at the city, as seen in the Colonial Master Plan 

of 1948 (Owuor & Mbatia 2008). Despite these various plans for an ordered and 

formal city, informal urban settlements continued to emerge and grow within various 

spaces of the city, to meet a need for low-cost housing for much of the urban poor 

population. At present, there are over 180 informal settlements in Nairobi including 

notable areas such as Kibera, Mathare and Viwandai and whilst only occupying 5% 

of the total housing land surface of the city, these informal urban settlements house 

between 55 and 60% of its population (Bennett et al., 2016; Wamuchiru 2015). Whilst 

all different, a common theme amongst the informal settlements of Nairobi is their 

lack of access to networked infrastructures such as water and gas that supply the 

formal parts of the city. For populations of informal urban settlements in Nairobi, this 

lack of connection to adequate infrastructures exists and compounds other 

challenges, including environmental degradation, flooding, pollution, sanitation issues 

and limited access to water or energy (Karekezi et al., 2008). For the millions who live 

within Nairobi’s informal urban settlements however, these communities have 

developed their own forms of connection away from traditional or formal 

infrastructure, instead opting to create non-networked, hybrid overlapping 

infrastructure configurations to meet their immediate needs (Guma et al., 2019), and 

it is within these spaces that smart urbanism is manifesting.  

Nairobi, Kenya has become a leading figure within Africa in regards to smart urbanism 

(Backhouse 2015; Mwaniki 2017a; 2017b; Mwaniki  et al., 2017), and as Guma & 

Monsdadt (2020) suggest, this can be seen in terms of its engagement with smart  city 

as a development tool for attracting investment. Furthermore, whilst Nairobi as an 
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existing site of smart urbanism is mainly examined in terms of the wider urban 

economy, the increasing role of ICT within the city’s informal settlements and their 

infrastructures is something less attended to in research. Whilst the informal urban 

settlements of Nairobi have not emerged as sites to be openly aligned with any ‘smart 

city’ tag, they are able to provide numerous examples of how smart technologies are 

changing the infrastructural relationships between communities, infrastructure 

providers and the state (Guma & Monstadt 2020). Two prominent digital 

infrastructures impacting Nairobi’s informal urban settlements and how their 

communities access infrastructures are basic mobile phone banking services such as 

M-Pesa and the integration of smart metering devices. Asides from a handful of 

research efforts in understanding these technological facets of smart urbanism within 

Nairobi (Guma 2019), there remains little in the way of exploring their impact within 

the city’s informal settlements.  

Without the critical attention required to examine smart urbanism within Nairobi and 

its informal settlements, five dominant issues emerge. Firstly, this will result in techno-

solutionism and the reliance on smart technologies to solve urban issues. The second 

issue a lack of critical attention around smart urbanism can cause is the significant 

amounts of domestic and international capital being invested into smart technologies 

not being suitable for their environments. Thirdly, a lack of critical attention around 

smart urbanism in Nairobi’s informal settlements reinforces the dominant 

understanding of this process solely locating in wealthy areas of the global North, 

thereby not allowing lessons to be shared around cities in the South. Fourthly, critical 

attention about smart urbanism is required to highlight the political choices within it 

and how communities can become engaged with its power dynamics. Finally, with 

growing urban populations within Nairobi’s informal settlements, critical attention to 

smart urbanism is needed to help understand how best the infrastructures under 

pressure within these areas can adapt and support these vital communities.  

As a consequence of the lack of critical attention around smart urbanism in the Global 

South, little understanding of this process within informal settlements and the urgent 

need to utilise a critical understanding to unpick smart urbanism’s manifestation within  

the informal settlements of Nairobi, I have selected this geographical site as the focus 

of investigation for the research.  

 

2.6.2. Geographies of the thesis 

Selecting a city in which smart urbanism was ‘actually existing’ away from top -down 

development rhetoric and one where evidence could be found of its existence  within 

its informal urban settlements inevitably led to Nairobi emerging as a leading site. 

Across the city a range of informal settlements are engaging with notions of 

smartness, often away from top-down rhetoric and instead through the everyday 

engagements with ICT by their integration within the infrastructures of these areas 

(Guma 2019). In addition, as a prominent node within ICT networks in the Global 

South and especially within Africa, understanding smart urbanism within Nairobi is 

critical, given the capital’s leading role in developing and disseminating technologies 

across the continent (Akamanzi et al., 2016). Whilst other cities within Africa had been 
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considered for the research, such as Kigali in Rwanda and Kampala in Uganda, with 

both showing examples of smart technologies being integrated within the urban fabric 

of informal urban settlements, Nairobi had a higher number of these and drew into 

them a wider range of stakeholders. This reason, in addition to other logistical 

research elements, meant that Nairobi was selected over the other two cities.  

When planning the research approach for the thesis, I had initially proposed to 

incorporate comparative urbanism within the research. Across numerous fields such 

as Southern urbanism, comparative urbanism has seen rejuvenated interest as an 

approach to research, especially within the context of developing postcolonial urban 

theory (McFarlane 2010). Comparative urbanism allows research to develop 

generalities between cities, particularly around processes catalysed by globalisation, 

whilst acknowledging the inherent differences between urban environments (Nijman 

2007). Furthermore, an approach that focussed on ‘actually existing comparative 

urbanism’ was considered, in order to challenge the dominant north -south direction 

of policy and to instead, reverse this flow through evidence generated by the research 

(Clarke 2012). Despite the recognition of the value comparative urbanism can bring 

to research, this approach was not selected for multiple reasons. Firstly, with the aim 

of the thesis to explore smart urbanism within informal urban settlements and their 

infrastructures, it necessitated developing deep roots and connections within local 

communities, which required significant amounts of time. By initially approaching and 

working with various stakeholders of informal urban settlements, it meant that a 

slower approach was needed to build up connections which meant that time and 

financial resources were limited to develop a comparative approach. There was also 

the concern that if a comparative approach had been employed, time spent at each 

location would have been reduced and any insights generated, much shallower. 

Secondly, with the thesis focussing on smart technologies and data platforms within 

infrastructures of informal settlements, there was an implicit focus on fragments, 

instances and processes (Robinson 2011) and if attempting to broaden this into a 

comparative there was a danger that this empirical work could become too thinly 

spread over different sites.  

With the focus of the thesis being the manifestation of smart urbanism within informal 

settlements, the research questions centred on the interactions between smart 

technologies, infrastructures and communities of these areas. Considering this aim 

of the thesis, the structure of the research followed an approach that saw it focus on 

smart technologies, their integration, interactions and consequences, as opposed to 

focussing on specific, geographically confined and measured areas of one or several 

informal settlements in Nairobi. For informal urban settlements in Nairobi, the 

significant variations in their spatial scales, populations and dynamics meant that 

attempting to compare the impact of one technology between these areas would not 

be the most useful use of research resources. In addition, streets or even neighbours 

within the same informal settlement could rely on entirely different infrastructural 

configurations, which meant that if the research had focussed on measuring smart 

urbanism within the confines of one area, it was likely that findings could not be 

confidently translated across this urban environment. Another reason for selecting a 

predominant focus on technologies rather than informal areas for the thesis was due 

to common occurrence of smart technologies gaining attention and investment, but 
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failing to rollout or being abruptly ended. Therefore, if the research had focussed on 

examining informal urban settlements in Nairobi as the primary mode of analysis, it 

might have been likely that the technologies justifying this area to be explored soon 

ended.  

Considering the aim of the thesis, Nairobi was chosen as the research location due 

to its evidence of ‘actually existing’ smart urbanism within informal settlements, its 

leading role in the East African ICT sector and ongoing integration of smart 

technology across the city’s urban fabric. Nairobi is frequently chosen as a research 

site when exploring facets of African urbanism, due to its leading economic role in the 

continent, playing host to a range of prestigious universities, displaying a wide range 

of urban conditions and being a site of international attention for global flows of 

resources and capital.  In addition, Nairobi is host to many, large international 

corporations, start-ups, not-for-profits, technology developers, governmental 

agencies and a range of charities that frequently collaborate on a range of initiatives, 

creating a dynamic and evolving socio-technical environment, one which acts as a 

testbed for many technologies in Africa (Guma 2019). Furthermore, with significant 

social, economic, political and cultural diversity across the city, and with a spectrum 

of informal settlements with their own histories and characteristics, Nairobi was 

selected due to the integration of smart technologies within these diverse urban 

environments. 

In selecting Nairobi as the research location for the thesis, it is important to consider 

about what this means for wider representation of the findings that emerge. Although 

the term ‘African cities’ conceptually homogenises a diverse range of urban 

environments, they exhibit a range of commonalities (Myers 2011). Whilst the 

conditions and processes found within Nairobi’s informal settlements may play out in 

specific ways only found in these locations, the underlying causes and consequences 

frequently exist within other informal settlements globally, such as a lack of 

infrastructure provision, insecure land rights and political marginalisation (Corburn & 

Sverdlik 2019). Whilst the thesis examines smart urbanism sole ly within Nairobi’s 

informal settlements, it can be assumed that underlying forces behind ICT’s 

integration within the urban infrastructures can be found elsewhere , such as 

governmental attempts to increase infrastructural revenue collection. In addition, with 

Kenya and Nairobi acting as leaders in the frequency and scale of ICT’s integration 

within urban infrastructures in Africa (Akamanzi et al., 2016), what occurs here is 

frequently the technological future for other cities. With Nairobi being a leading site of 

ICT’s integration within the urban fabric, I would argue any findings from the thesis 

will be representative of other cities in Africa and beyond. Finally, although the thesis 

has focussed on Nairobi, one city in the Global South, there are considerations about 

the representativeness of the findings for cities worldwide. Whilst the urban conditions 

of Nairobi’s informal settlements are markedly different from cities such as 

Manchester in the UK, both cities and countless others share an interest in 

decentralising urban infrastructures. Infrastructural decentralisation is seen as key in 

achieving urban sustainability targets and is underpinned by the integration of smart 

technologies within resource configurations (Derrible 2018). As the literature 

identif ies, this integration of smart technologies is something already playing out in 

Nairobi’s informal settlements. This means therefore, that findings generated from the 
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thesis about the consequences of smart technologies integration within decentralised 

infrastructures in Nairobi’s informal settlements are of global interest and importance. 

The question of exactly how is returned to in each of the papers and concluding 

chapter.   

 

2.7 Framing and situating Nairobi’s informal settlements and 

their infrastructures 

 

Having identif ied Nairobi as a site of ‘actually existing’ smart urbanism in the previous 

section (Shelton et al., 2014) and justif ied its selection as the geographic location for 

the research, it is important to reflect on the situated histories and specifics that make 

up the city and its informal settlements. 

Previously inhabited by the Massai, Nairobi emerged as a trading and supply post in 

the late 19th Century along the Mombasa-Kisumu railroad, following the colonisation 

of Kenya by the British. Nairobi, with its collection of smaller rivers that ran through a 

cooler, swampy area, provided an ideal location for the British to establish a small 

collection of railway buildings. These buildings slowly grew over the next few 

decades, which led to Nairobi becoming the central economic hub in the British East 

Africa. During the late 19th Century, the city continued to expand, forcing Maasai from 

their land and resulting in both violent and non-violent clashes with the British 

(Hughes 2006). At the start of the 20th Century, outbreaks of disease in the city 

combined with a desire from British colonial power for greater control over the 

planning of the city spurred efforts to develop a more ‘planned and orderly’ Nairobi 

(Olima 2001).  

Throughout the first half of the 20th Century, British colonial powers continued to 

develop and implement an array of urban planning. Much of the planning by British 

colonial powers went hand in hand with their efforts for social stratif ication. To 

‘maintain order’, the British created legislation that enabled them to own and control 

land within and around the city, whilst forcing Asian communities to remain inside the 

city and pushing African populations to its fringes (Wanjiru & Giraut 2020). 

Furthermore, by forcing African populations to carry ID cards to enable them to travel 

through the city, large portions of Nairobi’s population were forced to remain in 

particular spaces unless permitted to move, mainly related to work purposes and 

serving the British colonial forces (Balaton-Chrimes 2014).These social and planning 

legislations meant African populations were unable to have permanent residence in 

the city and whilst the European quarters of the Nairobi were afforded house numbers 

and street names, the native society was forced to live in nameless and nondescript 

areas (Njoh 2010), rendering them informal areas as opposed to the colonial power’s 

formal ones. As Nairobi continued to grow, these ‘African quarters’ of the city 

continued to absorb ever growing numbers of people coming into the city, all the time 

remaining underserved by any official infrastructural provision from the colonial 

authorities. In the City’s 1948 Masterplan, these ‘informal’ areas of the city continued 
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to be overlooked and where were planning and infrastructural development continued 

to occur alongside pre-existing lines of investment.  

Following independence in 1963, Nairobi’s informal settlements continued to see little 

in the way of governmental support or infrastructural improvement. Under successive 

governments, these areas of the city faced repeated eradication attempts and top-

down efforts to shift their populations to formal parts of the city (Van Zwanenberg 

1972). As people continued to migrate to Nairobi from surrounding rural areas in 

Kenya and East Africa, the informal settlements of the city increased in size, 

population and frequency. From 1971 to 1995 Nairobi’s informal settlements grew in 

number from fifty to over one hundred and thirty, with their population rising from one 

hundred thousand to over one million (Amnesty International 2009). At present, 

informal settlements in Nairobi are home to close to five million people, 67% of the 

city’s total population. These informal settlements are spread across the city and their 

unregulated nature and associated challenges present major issues and points of 

contention for urban governments. Over the last few decades however, rather than 

seeking to eradicate the informal settlements of Nairobi, as had been the case for 

much of the 20th Century, governments and administrative powers in Nairobi have 

sought to improve the living conditions in these areas. The scale and extent of this 

‘improvement’ is however, variable and despite many plans and promises, on the 

ground top-down changes remain lacking (Otiso 2003). 

Nairobi’s informal settlements play a vital role in the everyday processes of Nairobi 

and its future development.  With a dense urban population, Nairobi’s informal 

settlements could be seen as efficient forms of land use.  Due to their limited 

infrastructure and lack of investment in developing appropriate living conditions 

however, the people and communities of the informal settlements continue to suffer 

(Cattaneo et al., 2009). Although informal areas in Nairobi differ in terms of their size, 

density, proximity to the city, land rights, ethnic groups, government investment and 

the level of infrastructure provision, they face many similar issues. Some of the issues 

Nairobi’s slums and their communities face include a lack of mobility, limited job and 

education opportunities, high crime rates, lack of adequate resources and an ongoing 

risk of transmissible diseases (Zulu et al., 2005). Land, its ownership and use as a 

political tool, is often a cause of the problems Nairobi’s informal settlements face 

(Deffi 2009). As Gulyani & Talukdar (2008) note, over 92% people living within 

Nairobi’s informal settlements are rent paying tenants, with only 6% owning their land 

and the structure built upon it. A lack of land rights contribute to a wider sense of 

insecurity within Nairobi’s informal settlements as housing can be pulled down by 

government forces at any time, fires and floods cause widespread damage and the 

ever-present threats from landlords and gangs around rent payments cause 

significant worries for families (Kimari 2019). Land ownership in Nairobi’s informal 

settlements is something also used as a political tool. The Moi government, losing 

favour and influence with key stakeholders in the 1990s, turned towards offering 

public land as patronage, much of this being the land within informal settlements 

(Klopp 2000). Since the end of the Moi government, disputes frequently emerge within 

Kenyan courts about the proposed removal of smaller slums or fragments of them to 

satisfy private developers’ demands, ones who claim to hold rights to these valuable 

urban locations (Wanjiru et al., 2017). This uncertainty about land ownership in 
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Nairobi’s informal settlements leads to there being little willingness from both public 

and private organisations to invest in any meaningful long term infrastructural 

development. 

In recent decades, Nairobi’s informal settlements have witnessed a handful of major 

violent events such as the ethnic clashes of 1992 and 1997, but most notably, the 

events of the 2007 elections. After President Mwai Kibaki declared himself the winner 

of the 2007 election, supporters of the major rival party, the Orange Democratic 

Movement led by Raila Odinga, took to the streets in non-violent protests. Soon after 

however, these protests turned violent, with the targeted killing of the Kikuyu people 

in the community of Kibaki (Kanyinga 2009). Across the country over 1000 people 

were killed and 500,000 displaced, but Nairobi’s informal settlements were a hotspot 

for many of the violent clashes between residents and police. Whilst large portions of 

the violence in these areas was fuelled by the election results, both gang activity and 

public anger at ongoing levels of poverty exacerbated the frequency and ferocity of 

these clashes (Roberts 2009).  

It is important to note that by using the term ‘informal settlement’ or ‘slum’ in this thesis 

to describe these different areas in Nairobi, there is a danger of aggregating a diverse 

range of urban spaces and overlooking nuances between these (Davis 2006).  The 

term ‘slum’, frequently employed by outsiders of these areas, has often been used 

pejoratively or ideologically, as something indefinable in the context of urban 

expectations from the Global North (Gilbert 2007). Debate and discussion on the 

merits and pitfalls of employing phrases such as slums, informal settlement and other 

associated terms has been well documented within research (Gilbert 2007; Frenzel 

et al., 2007). As Arabindoo (2011) suggests, from an academic standpoint, the term 

‘slum’ is wrapped up with numerous theoretical and analytical tensions. Despite these 

tensions however, the term has been recognised within scientific literature and within 

official statistics such as the UN, with many communities using the term in a positive 

manner (e.g. slum upgrading) (Hachmann et al., 2018). Overuse of the term within 

research can however, lead to  a historicising and depoliticising of the term. As Dovey 

et al., (2021) suggest, the term ‘informal settlement’ is often employed as a substitute 

for ‘slum’, but for this to prove useful, it must be backed up with in depth examination 

about the areas in question and understanding how they interact with aspects of 

informality, illegality and local governance. The informal settlements of Nairobi are 

incredibly diverse, with different characteristics, patterns, processes and challenges. 

Four informal settlements in Nairobi that exemplify this diversity can be seen in 

Mathare, Mukuru kwa Njenga and Kibera, with Athi River (Mlolongo settlement) on 

the outskirts of the city. 

Kibera 

Kibera was founded by soldiers from the Nubian community in 1919 when given 

permission by British colonial forces to settle on a parcel of forested land south west 

of Nairobi. Now, home to over 1 million people in its 550 acres (estimates vary), Kibera 

is a key urban area in Nairobi, although it remains largely unrecognised by the 

Government. Despite this lack of formal recognition however, Kibera is one of Africa’s 

largest informal settlements and absorbs significant numbers of migrating populations 

arriving in Nairobi. Kibera has a diverse ethnic population (30% Luo, 20% Kikuyu, 
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19% Kama, 14% Luhya, 6% Kalenjin and 11% other groups (Umande Trust 2007) 

and is split into thirteen villages, notable ones including Kianda, Soweto East and 

Lindi. Due to Kibera’s multi-ethnic background and the ethnic divisions that dominate 

Kenyan politics, Kibera has been the location for a handful of violent events in recent 

decades (Wanjiru & Matsubara 2017).  

As with other informal settlements in Nairobi, insecure land rights in Kibera are a 

major issue for its people and its development. Economically vulnerable migrants 

continuing to arrive in Nairobi, unable to afford formal housing, turn to places such as 

Kibera and the landlords within who can offer insecure but affordable housing 

(Joireman & Sweet 2008). Few of these landlords ‘own’ the land but instead, operate 

through local networks of power to enforce rent payments. With the land in Kibera 

being ‘owned’ by the Kenyan government, who remain unwilling to formally recognise 

the settlement, it has caused a chronic lack of infrastructure to meet the growing 

demands of the area, resulting in nearly all services and resource distribution 

networks being provided through private arrangements (Paris 2014).  Because of 

these private infrastructural arrangements, residents in Kibera pay vastly inflated 

rates to access resources. This inflation is best demonstrated in the case of water, 

where Kibera residents can pay up to 20 times the price of piped water in comparison 

to that of people in formal areas of Nairobi (Mutsiya 2014). At present, parts of Kibera 

are undergoing slum upgrading programmes, these are however, not only an element 

of significant change for the area but something that presents additional 

challenges.  Whilst Kenyan governments, successive Nairobi councils, the UN and 

other NGO efforts have coalesced around the idea of upgrading the living cond itions 

of Kibera by relocating residents to new developments and demolishing existing 

shacks and dwellings, this process has come up against resistance from local 

communities and activists (Huchzermeyer 2008). Many fear slum upgrading 

programmes in Kibera will only serve to benefit the interests of wealthy landowners 

and powerful political agents in Nairobi and merely shift pre-existing problems faced 

by those in the slum to new developments (Cronin & Guthrie 2011). Despite this, slum 

upgrading programmes continue across Kibera although local organisations are 

being increasingly offered a voice within these discussions.  

Mathare 

Following Kibera, Mathare is the second largest informal settlement in Nairobi, 

located to the North-East of the city and is home to over 800,000 people (Andvig et 

al., 2014). The settlement emerged in 1963 on the site of an old rubbish dump, when 

independence fighters began to build temporary housing. Various small shelters 

(mabati) line either side of the Mathare river which flows through the settlements, with 

roads criss-crossing the slum. The river and road networks demarcate the various 

smaller villages within Mathare such as Kosovo and Mlango Kubwa. Mathare’s close 

proximity to the city centre and its large population result in the area being a key node 

in the everyday processes of Nairobi. Many people living in Mathare hold jobs in 

lower-paid occupations, vital in the daily running of the city, such as within refuse 

collection and sewage works (Thieme 2010). Mathare suffers from a chronic lack of 

adequate sanitation and transport infrastructure, resulting in the people of the slum 

facing multiple challenges relating to health, heating, water and mobility. In addition, 

Mathare has gathered a reputation as one of the most dangerous settlements in 
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Kenya if not, sub-Saharan Africa, or as Das (2007) indicates, a site of  ‘mutual 

absorption of the violent and the ordinary’ (2007: 7). With its high crime rate, narrow 

streets and little in the way of street lighting, few outsiders tend to visit the settlement 

(Darkey 2013). These statements, however, do not paint the full picture of the area. 

Ongoing land-grabbing and financial deals between landlords, the chief and the city 

council are believed to have resulted in hundreds of extra judicial killings by the police, 

particularly of young men from the area. Although organisations such as the Mathare 

Social Justice Centre and the Oscar Foundation Free Legal Clinic have attempted to 

seek justice for the killings, these continue to this day (Jones et al., 2017). Given the 

high price of land in Nairobi and Mathare’s central location, efforts to force people 

from their land continue, whilst simultaneously starving people of the infrastructure 

they need to survive (Mwau & Sverdlik 2020). Frequently, infrastructure in the area is 

the match that ignites acts of disturbance or even violence, examples being seen in 

the water protests that occur almost on a yearly basis during drier seasons and water 

rationing (Sarkar 2020) 

Mukuru (Kwa Njenga) 

Mukuru is another of the largest informal settlements in Kenya, located to the south 

east of Nairobi city centre and divided into two parts by a railway line, Kwa Rueben 

to the west and Kwa Njenga to the east. Both of these areas in Mukuru are subdivided 

into smaller sectors/villages with names such as Vietnam, Riara and Zone 48, each 

having unique histories behind them and contributing to the area’s unique global 

identity. Mukuru means quarry/valley in Kikuyu or dump in Kiswahili, owing to its 

origins in the 1980s where it developed on an old quarry site used in the building of 

the surrounding factories. As the industry around Mukuru continued to grow, so did 

the number of people migrating to the area who were looking for work, resulting in the 

settlement rapidly expanding in size and population in the last two decades. Mukuru 

is now home to between 100,000 and 450,000 people and continues to play an 

important role in the industrial economy of Nairobi and Kenya (Wanjiru & Matsubara 

2017). Although it is better served by electricity and water infrastructures in 

comparison to Nairobi’s other informal settlements such as Kibera and Mathare, 

Mukuru shares many of their similar infrastructural challenges in relation to accessing 

affordable, safe and clean resources. A 2006 fire, caused by a leaking oil pipeline that 

passed through Mukuru, killed over one hundred people and destroyed a significant 

area of housing. Following the fire, the local government sought to improve the living 

conditions of Mukuru and its associated infrastructures, but efforts appeared to have 

petered out. Now however, a coalition of local actors, community groups and NGOs, 

notably Slum Dwellers International, have come together to form the Mukuru Special 

Planning Area to transform the area through a locally based slum upgrading 

programme (Horn et al., 2020). This programme however, attempted to deviate from 

traditional government led, top-down efforts for transforming slums, instead bringing 

the voices of local residents and businesses into the heart of the conversation.   

Athi River (Mlolongo) 

Although technically just outside of Nairobi, the town of Athi River is an area of no table 

growth, with informal settlements continuing to expand along its border with Nairobi. 

The Athi River runs through the area, which is located at the confluence of other vital 
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transport infrastructures, including the A109 from Mombasa, the A104 from Tanzania 

and the Nairobi to Mombasa Railway line. Owing to its proximity to Nairobi and its 

node as a vital transport hub, the town of Athi River has seen a rapid increase in the 

number of industries locating there in recent years (Aywa 2017). In addition, the area 

absorbs large numbers of migrant populations seeking work in the surrounding 

industrial areas. To the north of the town sits Mlongo, an informal settlement located 

just to the east of the main A104 road heading into Nairobi.   Mlolongo benefits from 

its advantageous position next to the road and at the border with Nairobi, resulting in 

an expanding industrial area and service sector that supplies the people using 

transport infrastructure through the area. At present however, Mlolongo, like many 

other peri-urban informal settlements around Nairobi, lacks any formal development 

planning guidelines. This lack of official planning has meant any formal infrastructural 

services, amenities and facilities for the rapidly growing population of Mlolongo are 

yet to exist in any meaningful way.  A consequence of this lack of infrastructural 

provision is that the communities in the informal settlement face numerous 

environmental, economic, social and health challenges (Imwati 2015). Housing in the 

area is predominantly in the form of smaller units, of both temporary and permanent 

structure, with little in the way of any regulations as to where and how these are built. 

Whilst Athi River settlement benefits from good water supplies due to its river location, 

water infrastructure within its informal settlements such as Mlolongo are limited. 

Although efforts from the Mavoko Water and Sewerage Company (MAVWASCO) 

have attempted to provide water supplies to these slums, they are not able to keep 

up with the growing demand of the population in the area (Ndungu 2012) 

 

 

2.8. Research Design 

The following section provides an outline of the design of the research, highlighting 

the bottom-up approach used to understand smart urbanism within Nairobi’s informal 

settlements, considerations for conducting research in these areas, entry points into 

informal settlements and developing a case study approach.  

 

2.8.1 Researching smart urbanism 

As identif ied in the first chapter, the notion of the ‘actually existing’ smart urbanism 

(Shelton et al., 2015), which builds on ideas of ‘actually existing neoliberalism’ 

(Brenner & Theodore 2002), has become increasingly prominent within smart city 

research. Employing a research approach focussing on ‘actually existing’ smart 

urbanism pushes efforts to identify, examine and analyse integrations of technologies 

within the urban environment that may not be necessarily tied to top-down 

development plans or entitled to column inches within media publications. 

Incorporating ‘actually existing’ smart urbanism in the thesis’s research  approach 

challenges dominant assumptions on Western-developed technologies being 

transplanted into urban areas in the Global South, and instead, helps ask how can 
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smartness be built from bottom-up approaches through reconfiguration by 

communities on the margins (Willis et al., 2019). Given considerations around the 

need to examine smart urbanism away from just top-down, large development 

projects, and instead, within every smart technology engagements of communities 

often overlooked in traditional discourses of the smart city, using an ‘actually existing’ 

approach was deemed necessary for the thesis  

As Luque-Ayala and Marvin (2015) suggest, contemporary research on smart 

urbanism has tended to focus on market-driven aspects of technological integration, 

often tied to large companies, resulting in an overlooking of this process which is tied 

to social aspects of cities. In addition, when smart technologies and their integration 

within urban fabric have been researched, there has frequently been a focus 

technology developed and shared by larger organisations such as IBM and Cisco 

(Demirkan et al., 2015). As Hollands (2015) suggests however, interventions within 

smart urbanism are increasingly involving grassroots, community or small-scale 

enterprises that control the development and deployment of digital technologies 

across various urban environments. As Hollands further suggests, smart urbanism 

research needs to broaden its scope, noting it would be “more instructive...to examine 

a range of more modest and small-scale socio-technological interventions that 

contrast with that of the corporate smart city and which might begin to help us 

envisage a different way of thinking about and ‘doing’ smartness” (Ibid: 70). With the 

research adopting the critical approach to understanding smart urbanism (Luque-

Ayala & Marvin 2019) outlined in the first part of the introduction, so as to generate 

insights about smart urbanism in overlooked urban areas, it is imperative to take into 

account the wide range of technological developments that are associated with this. 

This thesis therefore, responds to and takes forward the demands to accommodate 

a wider range of smart technologies within discussions of smart urbanism, and over 

a range of scales, in order to push thinking about this urban process.  

In addition to focussing on ‘actually existing’ smart urbanism and employing a critical 

approach that considers a wider range of smart technologies, the thesis also 

incorporates understanding about the need to develop and adopt a more human 

centred form of smart urbanism (Cardullo & Kitchin 2019b). Within this focus, it is 

often noted that thinking about smartness needs to move beyond just exploring the 

immediate technological artefacts, and instead to think about how smartness exists 

in physical, digital and social spaces (Inshida 2017). For Bukht and Heeks (2017) and 

their work on ‘scoping the digital economy’, they stress the need to consider the 

integration of digital within society at three levels, these being; firstly an ICT sector 

level, with its digital goods and services, secondly, at a narrow level that looks at 

smart technologies’ integration with cities and finally, at a broader level at smart 

urbanism and its consequences for society itself. In the case of smart urbanism, this 

multi-level approach has become incorporated within examination of the process 

across the globe, where research increasingly looks beyond just the technical level 

(Guma 2019). The thesis accommodates this need to understand smart urbanism 

beyond its technical components, and by harnessing the approach put forward by 

Bukht and Heeks (2017), it examines this socio-technical process at the three levels; 

these being the device level,  here presented by the integration of smart technologies 

within the infrastructures of Nairobi’s informal settlements, at a platform level, where 
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data becomes integrated within the daily processes of informal settlements, and at a 

social level, where consequences of smart urbanism are considered within wider 

dynamics of informal settlements and notions of citizenship. The incorporation of 

these three layers is reflected in the three research questions of the thesis and the 

subsequent papers that result from these. 

 

2.8.2. Building smart urbanism understanding from the 

bottom-up 

As an urban manifestation of multiple socio-technical components, research on smart 

urbanism naturally lends itself to multiple and interdisciplinary approaches for study 

to unpick the ties between these (Bibri 2019). Furthermore, smart urbanism research 

is often noted as requiring a move beyond just looking at technological components 

and instead, to incorporating social science methodology to understand the complex 

and multidimensional nature of ICT’s integration within the urban fabric (Neumann  & 

Wychmans 2018). As Kitchin (2019) suggests, research on smart urbanism and the 

smart city has tended to direct, and be directed by, normative questions about future 

city possibilities and has failed to engage with the everyday realities of a broader 

spectrum of urban populations. Furthermore, smart urbanism research has often 

failed to reflect or understand the practices, stories and discourses which underpin 

digital technology’s integration on the ground and, across a global context (Chong  et 

al., 2018). These considerations about smart urbanism research and limitation of 

current approaches have informed the design of the thesis.  

In order to answer the research questions, a qualitative approach was deemed 

appropriate to explore and understand the stories, practices, discourses and social 

norms which underpin smart urbanism’s manifestation within Nairobi’s informal 

settlements and their infrastructures. In addition, by building up an understanding of 

smart urbanism’s manifestation through a bottom-up, qualitative approach through 

engagement with informal settlement communities, the thesis contributes to research 

in the Global South that examines this socio-technical processes from an everyday 

engagement perspective(Angelidou 2017). 

 

 

2.8.3. Researching Informality 

Informal urban settlements have, for many years, frequently been ‘othered’ within 

research on cities, framed as spaces of exception with little relation to the rest of the 

city or contribution to urban theory (Said 1995). Furthermore, whilst aspects of 

informality have been researched globally and across multiple realms including 

labour, economies, housing and planning (Haid & Filbrandt 2019; Simone 2001; Roy 

2009), the ontological considerations around how researchers understand urban 

informality are somewhat less developed.  
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The predominant geographic focus for research on informality has been within an 

Africa and Latin America setting, thereby continuing to reinforce a conceptual 

separation in which informality is seen as something beyond or outside of the urban 

experience in the Global North. As many have demonstrated however, informality is 

a global phenomenon and frequently exists within the gaps of everyday life, both in 

the North and South (Jaffe & Koster  2019). Research emanating from the Global 

South has sought to challenge the dominant narratives of informality, often set by 

Western framings, where informal is associated with chaos, a lack of order and 

unmanaged, and instead, points towards the complex realities of a phenomenon that 

supports billions across the globe (Amin and Thrift 2002). Within the context of 

informal urban settlements, more recent research has sought to explore the everyday 

informal processes that guide these areas, increasingly exploring how bottom-up 

reconfiguration shapes urban environments (Bulkeley 2005). Furthermore, research 

on informality has shifted from a sole focus on associated objects and artefacts, to 

now incorporating a focus on how it also comprises people, communities, and social 

structures (Roy 2004). These human-centred approaches to researching informality 

have informed the thesis, and is reflected by its methodological approach which 

endeavours to understand smart urbanism and informality as being more than just 

smart technologies, and instead, being tied to the needs, aspirations and relationships 

within these communities.  

As identif ied earlier in Chapter 1, the integration of smart technologies within informal 

urban settlements is often associated with discourses around leapfrogging, where 

those at early stages of ‘modern’ infrastructural development can skip certain stages 

and pitfalls (Davison 2000). Whilst informal urban settlements are noted as areas that 

may benefit from the integration of digital technologies, there is little engagement 

however, about how other sites in the city could learn from these areas. Within 

discussions of urban experimentation and urban laboratories, which centre on 

learning from small-scale interventions, there has  been little engagement from 

scholars in this field towards understanding what informal urban settlements and 

other less attended to spaces can contribute (Caprottie & Cowley (2017). With 

growing interest in the Global North growing on infrastructural decentralisation, 

community ownership and alternative models for resource provision, informal urban 

settlements present opportune insights for exploring and learning  about already 

existing cases of these, although they are situated within ‘non -Western’ spaces 

(Sinha 2013; Givens 2015). The thesis recognises the need to rethink informality and 

informal settlements, moving away from framing these solely as sites of observation 

and instead, as sites from which we can learn from for urban development in the 

Global North.  

Understanding the complex infrastructure networks that mediate informal areas - as 

well as their economies and communities - has often required a research approach 

that looks beyond artefacts, and instead seeks to understand the power relations 

behind these (Silver 2014; Zimmer et al., 2020). In addition, within research that 

unpacks relations between infrastructures of informal settlements and wider 

processes of urban change, informality is framed beyond notions of poverty or 

marginality (McFarlane 2008a) and as a space connected to wider urbanisation of the 

city (Roy 2011). The thesis adopts this framing of informality, as something not just 
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residing within informal settlements but instead, as a condition that mediates 

urbanism across the whole city. Within the context of the research therefore, the 

thesis examines how smart urbanism’s manifestation within Nairobi’s informal urban 

settlements and their infrastructures is also tied to wider digital reconfigurations of 

infrastructures across the rest of the city.  

 

2.8.4 Approaching the research 

The thesis is rooted within critical urban theory (Roy 2016) , examining the role and 

consequences of smart urbanism within informal urban settlements, urban areas 

characterised by historical inequalities and power imbalances. As noted earlier, a 

critical understanding of smart urbanism is inherently rooted within critical urban 

theory (Luque-Ayala & Marvin 2019). This critical approach to smart urbanism 

enables examination of this process through notions of injustice and inequality, whilst 

also shifting discussions of it from one rooted within a technological and depoliticised 

setting to one that considers its impact on society and notions of power. The second 

conceptual layer to the thesis is that of a situated understanding of urban political 

ecology (SUPE) (Lawhon et al., 2014). SUPE naturally leads on from critical urban 

theory, building a focus on everyday experiences and how infrastructural 

engagements represent diffuse structures of power. Aligned with Southern Urbanism, 

SUPE centres on developing urban theory from these everyday experiences in the 

Global South, as opposed to a reliance on dominant urban theory from the North. 

SUPE provides novel opportunities to understand how the integration of smart 

technologies with the infrastructures of informal settlements reconfigures associated 

structures of power and what this means for the people who live here. Building on 

theoretical and conceptual foundations of the thesis in critical urban theory and SUPE, 

the final analytical layer of the thesis is provided by the notion of  heterogeneous 

infrastructural configurations (HICs) (Lawhon et al., 2018). In developing this critical 

understanding of smart urbanism, one rooted within the everyday infrastructural 

engagements of informal urban settlements communities, HICs open up analytical 

discussion of how the dynamic, overlapping, diverse configurations are impacted by 

smart technologies. Bringing these different aspects together supports the 

overarching aim of the thesis to examine the impact and consequences of smart 

urbanism for informal urban settlement communities and their infrastructures. 

Furthermore, whilst there are natural alignments between these theoretical, 

conceptual and analytical approaches, and they have been used elsewhere (see 

section 2.5 and 2.5), this thesis forms part of research efforts from a collective of 

scholars working to better situate and understand smart urbanism within informal 

urban settlements.  

 

2.8.5. Research impact and considerations 

To understand the manifestation of smart urbanism within Nairobi’s informal 

settlements and their infrastructures, it was vital to talk with smart technology users, 

infrastructure operators and wider sections of the local community in order to gain 
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insights about the impact of smart technology’s integration. During early stages of 

planning for the thesis, there was awareness and acknowledgement of the issues 

surrounding research saturation within over-researched communities (Clarke 2008). 

Within this context, communities such as those of informal settlements, may 

continuously experience international researchers coming into these spaces, all 

seeking to extract information from local communities without properly understanding 

how to sustainably balance research dynamics. Furthermore, during research 

planning of the thesis, there was also awareness of the issues around how research 

can destabilise local relationships if not conducted properly (Hubbell 2003). As 

Iphofen (2015) suggests, fieldwork must always take into account existing networks 

and dynamics within sites of research and should make a concerted effort to not 

damage or impact these.  

These two considerations of research over-saturation and damaging local 

relationships were taken on board throughout the thesis and became embedded 

within decision making. As a consequence of taking these issues into account, the 

research design for the thesis centred on using technology developers and major 

infrastructure providers as key entry points into informal settlements and initiating 

engagement with users of smart technologies. Furthermore, by discussing this 

approach with Kenyan researchers when seeking advice, they noted support of this 

method for entering into communities and as a way to avoid the issues of over-

saturation and destabilising relationships. Developing research connections with 

smart technology users and local infrastructure operators within informal settlements 

via technology developers and major infrastructure providers, allowed fo r a more 

stable fieldwork foundation.  

 

2.8.6. Research entry points 

By developing research contacts within informal settlements through the approach 

outlined above, there were a range of possible limitations to consider. Firstly, this 

approach inherently meant there was the potential for research bias, with technology 

developers and infrastructure providers being likely to point the research in direction 

of smart technology users with more favourable stories of engagement. To combat 

this issue, whilst technology developers and infrastructure providers provided a list of 

contacts, persons to be contacted were randomly selected from larger lists. In 

addition, whilst technology developers and infrastructure providers acted as 

gatekeepers to data collection, the research also made sure to connect with other 

organisations operating within the informal settlements, such as local education 

groups and community activists, in order to get a wider understanding of smart 

technology engagements. The second challenge with using technology developers 

and infrastructure providers as points for data collection was the additional time 

required to make sure that the fieldwork did not destabilise any pre-existing local 

relationships. Although this period added between four-five weeks to the fieldwork, it 

enabled me an in-depth understanding of the local communities, their histories and 

current challenges, issues which may have been overlooked had the research used 

another approach. This fieldwork approach also helped build trusting relationships 

between myself as the researcher, the communities, local stakeholders and 
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community organisations within the informal settlements which meant that I frequently 

came to the areas for non-research related purposes.  

 

2.8.7. Developing a case study approach 

As a methodological approach, case studies allow ‘holistic and in-depth explorations 

of complex issues within a real-life context’ (Crowe et al., 2011: 11). As a method for 

urban research, a case study approach offers opportunities to understand dynamics 

within cities rooted in a sense of place (Meyer 2001). In addition, this approach 

supports the usage of a range of data collection methods (Tellis 1997). To address 

the three research questions of the thesis, case studies therefore offered a useful tool 

for examination of how smart technologies and their associated data platforms were 

impacting infrastructural configurations of Nairobi’s informal set tlements.  

As the empirical papers show in the following chapters, the thesis moves away from 

a rigid adherence to traditional case study methodologies. Instead, and responding 

to comments from Mohammed et al., (2105) about the need to rethink case study 

methodology in post-structural research, a more flexible approach to case studies is 

used. Within this reframed flexible approach, variation between case studies is 

welcomed in order to best account for and reflect the everyday realities and 

differences of human lives. This approach aligns well with the wider theoretical 

framing of the research, especially that of SUPE, which seeks to unpick the situated 

understanding of everyday actions of people often outside traditional processes of 

formal urbanism.  

As Martin (2016) notes, Nairobi’s informal settlements have played host to a variety 

of technological innovations and integrations within their urban fabric. For some of 

these technologies however, they have failed to scale up as expected, have had short 

lifespans or have not extended beyond glossy advertisements and media hype. When 

initially examining smart technologies within Nairobi’s informal settlements, the 

various ICT initiatives were labelled as to their state of activity whilst also adding in 

any new ones that emerged. Prior to arriving in Nairobi to conduct fieldwork therefore, 

desk based research had been conducted to understand the range of smart 

technologies and data platforms already at play in Nairobi’s informal settlements, 

ones that were planned to be soon deployed and ones still under development. Upon 

arrival in Nairobi however, and with a subsequent socio-economic upheaval due to 

the disputed 2017 Kenyan elections (see Chapter 3), many previously identif ied smart 

technologies and data platforms were now no longer in operation. During the first few 

weeks of fieldwork in Nairobi, it was important to re-evaluate current understanding 

of the scale of smart technologies and data platforms in the city’s informal settlements 

by networking with a range of stakeholders and establishing contacts with a range of 

potential case studies. Once a list of possible cases had been drawn up, four smart 

technologies (IoT devices) were selected along with their associated data platforms. 

When selecting which smart technologies and data platforms to use for the research, 

the willingness of the companies to work with myself, the support they offered for 

accessing sites, users and data were all taken into consideration. Multiple case 

studies of smart urbanism were chosen as opposed to investigating one isolated case 
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due to the ever changing socio-technical landscape within these areas and the need 

to understand this process across different areas.  

 

2.9. Data collection methods 

The following section explores and justifies the multiple data collection methods used 

within the thesis, before concluding with a short examination of methods trailed and 

not selected.  

Multiple data collection methods were used within the thesis in order  to answer the 

research questions set. Interviews and focus groups were the primary method used 

for collecting data, involving a range of stakeholders both within and outside of 

informal urban settlements in Nairobi. Whilst interviews and focus groups were  

primary methods of data collection, these were supported by observation notes and 

ethnographic diaries to further understanding.  

The various data collection methods used were selected to support efforts to further 

a critical understanding of smart urbanism and to support efforts within African 

urbanism that bring to the fore stories from less attended spaces and populations 

within traditional research. Echoing the theoretical approach of the thesis and drawing 

from a situated understanding of urban political ecology, the user experience of smart 

technologies within informal settlements was key in developing a bottom-up 

understanding of smart urbanism within Nairobi. Furthermore, the methods selected 

to allow this critical examination of smart urbanism was done so as to allow replication 

within other informal settlements globally. 

 

2.9.1. Interviews 

Interviews are frequently used within qualitative research in social sciences and were 

selected as the primary method for data collection for the thesis for multiple reasons. 

Firstly, interviews supported the conceptual framework of the thesis of developing an 

understanding about smart urbanism’s impact from a bottom-up approach, drawing 

on the everyday experiences of communities within informal urban settlements. 

Interviews allow researchers to better understand realities of areas through talking 

with people or stakeholders who live or work within them, more so than what would 

be gained through just observing or relying on quantitative data (Gill et al., 2008). 

Secondly, when interviews are conducted in a trusting environment, they offer 

opportunities to elicit more in-depth responses from participants as opposed to survey 

methods. Thirdly, interviewing provides opportunities for a snowballing technique 

whereby participants give recommendations of others to interview, thereby letting the 

research naturally roll on (Raworth et al., 2012) This aspect of snowballing was 

partially useful in mitigating the potential bias of relying on smart technology 

companies and infrastructure providers as gatekeepers for gaining interview access 

within the informal settlements. Fourthly, interviewing is a useful methodology when 

examining relatively under-researched fields of study (Rao & Perry 2003). Not only 

do interviews allow research to gain a broader understanding of the everyday realities 
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of people and places, but thematic insights also offer opportunities for further 

research. 

Semi-structured interviews are a popular approach within social sciences as they 

enable a range of research participants to be asked broadly the same questions but 

within a flexible framework (Dearnley 2005). The thesis used semi-structured 

interviews as the approach to interviewing methodology for multiple reasons. Firstly, 

semi-structured interviews provide flexibility to both the researcher and the research 

participant (Sankar and Hones 2007). This was important for this thesis, given the 

speed at which technological deployments were happening, the ever changing 

political climate and how, as a researcher, my understanding of informal settlements 

changed over time. Flexibility enabled new aspects and research avenues to emerge 

during discussions with participants, whilst also providing scope for the research 

participant to discuss topics outside of the direct line of questioning. Secondly, semi-

structured interviewing allows for an iterative research process in which changes to 

questions can be made in light of response (Longhurst 2003). For the research, it was 

important to alter questions as the fieldwork evolved as new concerns or 

considerations emerged. Whilst there remained flexibility within the interview process, 

interview schedules were adhered to in order to keep to time and within a broader 

outline.  

Semi-structured interviews relating to the impact of smart urbanism within Nairobi’s 

informal settlements were conducted with a range of stakeholders. In addition to 

interviews with users of smart technologies and data platforms within informal 

settlements, these were also conducted with infrastructural operators and major 

infrastructure providers who worked within, between and outside of these areas. 

Interviewing a range of infrastructural stakeholders enabled the research to examine 

how key actors framed the manifestation of smart urbanism within informal 

settlements and the role that smart technologies and data platforms were playing on 

their infrastructural configurations. Also interviewed were community activists so as 

to develop understanding of how smart urbanism’s manifestation aligned with bottom-

up calls for urban change and justice within informal settlements. External 

stakeholders of informal settlements such as business owners, technology 

developers and other related organisations were also interviewed to allow exploration 

of their motivations behind smart urbanism, how they frame this process, challenges 

they face and the changing infrastructural landscape of the capital in which they 

operate. Politicians and ex-politicians interviewed during the thesis provided insights 

about how smart urbanism within Nairobi’s informal settlements was understood from 

a government perspective, how infrastructural change within these areas was tied to 

notions of slum upgrading and how the manifestation of smart urbanism within 

informal settlements aligned with wider efforts around the Silicon Savannah. Other 

stakeholders interviewed included Kenyan academics, innovation hub managers, 

entrepreneurs, journalists and engineers who all provided different insights about 

smart urbanism within Nairobi,  the changing  socio-technical landscape of informal 

settlements and the wider city and how digital technologies were tied to notions of 

power and politics within Nairobi and East Africa more broadly.  

Interview participants were selected through a range of approaches. For users of 

smart technologies and data platforms, understanding who these were, where they 
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were located and how to contact them required cooperation with technology 

companies and local infrastructure providers. In addition, these companies and 

infrastructure providers assisted in tracking down users, in asking them permission 

for interviewing and helped by providing research assistants to carry out interviews. 

As noted earlier however, once trust has been gained within informal settlement 

communities, a snowballing technique also enabled new interview participants to 

emerge who might have otherwise not been recommended. The selection of other 

stakeholders associated with smart urbanism in Nairobi was based on their suitability 

for the study and their availability. As noted in Chapter 3, in a rapidly changing political 

environment during the first few weeks of the research, many previously agreed 

interviews were cancelled, requiring new persons to be contacted. As the researcher, 

I conducted desk based examinations and embedded myself within local networks 

which soon meant I was able to identify a range of people suitable for interviews.  

Between October 2017 and May 2018, forty eight interviews were conducted with 

stakeholders in smart urbanism within Nairobi's informal settlements, including users 

(28), infrastructure providers and operators (8), technology developers (5), 

government officials (3), experts/academics (3) activists (1) and Journalists (1)  (See 

Appendix 1: Table 3 & 4). Where translation and interpretation were required, a 

research assistant was employed who, besides myself was the second person to 

collect data. When conducted in Swahili, the transcription of interview recording 

required additional support from an authorised transcriber, who was accessed from 

the University of Nairobi. The interviews were recorded and research participants 

were offered full anonymity. The majority of the interviews were conducted in public 

places such as cafes, parks and on the street, but in quiet locations so as not to be 

disturbed or to put any additional pressure on the research participants. For 

stakeholders such as infrastructure operators within informal settlements, interviews 

were conducted at work, thus providing additional insights into their operations. 

Developers, start-up hub managers and academics were interviewed at their place of 

work with myself as a lone researcher following the correct safety process for this 

action. 

 

2.9.2. Focus groups 

To further understand smart urbanism within Nairobi’s informal settlements and their 

infrastructures, focus groups were used as a data collection method. These focus 

groups involved a variety of people who were selected to meet in a specific location, 

whilst I and a research assistant led the sessions with a series of questions and points 

for discussion. The focus groups covered two groups; users of smart technologies 

and data platforms and the infrastructure operators within Nairobi’s informal 

settlements.  

Focus groups were selected as a complimentary research method to interviews for a 

variety of reasons. Firstly, and importantly within the conceptual framework of the 

thesis, focus groups allow participants to develop a sense of ownership of the 

discussion and offer a sense of increased agency as regards the research process 

(Kaehne & O’connell 2010). In addition to generating insights, focus groups were 
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important in avoiding over-researching the community or damaging local 

relationships. Bringing together groups of people allowed them to air grievances, 

annoyances or other emotions within a group setting, whether it was related to smart 

urbanism, the current political climate, other social issues or the research itself. 

Secondly, focus groups gave research participants greater control over questioning 

and the freedom to express things that they might have felt unable to do in an 

interview setting (Kamberelis & Dimitradis 2013). With interviews for infrastructure 

providers being conducted primarily at their place of work due to their time constraints, 

focus groups allowed a space in which they might have felt more comfortable to share 

concerns or grievances etc. Thirdly, the iterative process I embedded within the 

research meant that focus groups provided additional opportunities for new topics 

and further questions to emerge (Macnaghten & Myers 2006). Whilst every effort had 

been made by myself or research assistants to understand the infrastructural and 

social context within which we asked questions, focus groups often resulted in new 

lines of research or new leads emerging which would be followed up later.  

With time constraints for myself and research participants, two focus groups were 

held during the research period (October 2017- May 2018). Both focus groups were 

held within informal settlements at public places (community hall and a compound), 

which were hired by myself. The first group of eight people were users of the smart 

technologies and data platforms. These people were identified and selected through 

the interview process in which they elicited an eagerness to discuss certain topics 

further. The second group of four people, that of infrastructure providers within 

Nairobi’s informal settlements, worked within water infrastructures and were active in  

integrating smart technologies and data platforms into their configurations. This group 

was selected through a smart technology company who worked within the area and 

knew the group members were recipients of their products. Although there was 

hesitation from myself in relying on participant selection through the company, the 

focus group would frequently air grievances during our discussion and the company 

noted that they welcomed these. For both groups, people’s time was recompensed 

by small f inancial reimbursement and having lunch provided for them. During the 

piloting of research methods at the beginning of the fieldwork, Kenyan researchers 

suggested that it was best to avoid offering larger financial rewards, as this was 

something done by international companies within informal settlements, where it 

could destabilise relationships and skew data and that instead, lunch and small 

f inancial incentives were more sustainable.  

 

2.9.3. Observations 

Observations were an additional method used to gather data on smart urbanism’s 

manifestation within the infrastructures of Nairobi's informal settlements. This data 

collection method involved myself acting as an observer, watching and noting how 

smart technologies and data platforms were being used by different infrastructural 

operators within informal settlements and who were the users of these configurations. 

Prior to observations, I would identify a range of possible sites where these could be 

carried out, using local understanding and insights about what was feasible, safe and 

viable in the time periods available. Once a location had been chosen, I would arrive 



   
 

76 
 

at the site and try to remain out of the way of the infrastructure or smart technology, 

but within an area to observe what was happening. As the observation checklist 

identif ies in Appendix 4., periods of observation required me to note down the physical 

and human components of the infrastructure, how ICT was being used within these 

(if it was), the challenges and issues being faced and other general notes. Ultimately, 

the focus of the observation was to record the everyday engagements with smart 

urbanism within the infrastructures of Nairobi’s informal settlements. Observations 

took place in multiple informal settlements within Nairobi, including Mathare, Mukuru 

kwa Njenga and Kibera and at different infrastructural points within these, such as 

water points, water towers, gas sellers and gas storage facilities. Seven periods of 

direct observation of around 10-15 minutes were carried out during the research. 

Observations were sometimes cut short however, if there was nowhere from which I 

could observe without being too obvious to people.  

This direct method of observation is a useful tool within social science research and 

was selected as a data collection method for the thesis for multiple reasons. Firstly, 

observations gave an opportunity for research to explore how events and interactions 

actually unfold, beyond just relying on how participants described these during 

interviews or focus groups (Angrosino 2007). Understanding exactly how 

infrastructural interactions occur within the context of smart urbanism was important 

for the thesis and with caution about relying on smart technology developers  and 

infrastructure providers as gatekeepers for accessing research participants, 

observations allowed examination of any reality described by participants’. The 

second reason for choosing observations as a data collection method was that it was 

possible to identify how the interactions between people, technology and 

infrastructure actually take place within informal settlements, away from any pressure 

of giving positive responses, as with interviews (Mulhall 2003)  

When conducting observations, there are important ethical considerations to be taken 

on board and in the context of the thesis, a range of specific issues which are 

important to highlight. As with interviews, observations must be conducted with a clear 

purpose, respect and where applicable, consent (Waller et al., 2016). Within 

methodological research however, there is disagreement on the necessity of consent, 

with some suggesting it should always be asked (Waller et al., 2016) and others 

noting that if participants remain anonymous within published research and are not 

placed under any harm, then it is less necessary (Denscombe 2014). Given that 

observations were occurring in busy public places, gaining consent from everyone 

would have been highly impractical, if not, impossible. As Murphy & Dingwall (2007) 

suggest, gaining consent for observations is a process that requires ongoing 

negotiation. For the research, I aimed for a middle ground on gaining consent in which 

consent was gained from the stakeholders e.g. infrastructure operators but not from 

the countless users and passers-by within the field. This approach meant consent 

was obtained from those primarily observed whilst simultaneously, not requiring it 

from those who would ont enter the scene for fleeting moments. Although this 

approach is not without its methodological or ethical issues, the process went under 

iteration throughout its use and was deemed the most appropriate within context and 

constraints of the thesis. Ultimately, anonymity was the most important factor for the 
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observations, meaning note taking and analysis was done so as to make sure no 

individual or specific location was identif iable.   

 As a data collection method, observations are often associated with a few drawbacks 

which should be discussed. Firstly, observations can be a time consuming process 

involving long periods within the field for obtaining limited data. Whilst observations 

for the thesis were used as a complimentary data collection method, adding to the 

insights from interviews and focus groups, I, as the researcher, ensured these periods 

of time in the field did not carry on for too long. By having a close relationship and 

understanding of stakeholders from informal settlements infrastructures, I knew when 

the busiest and most fruitful periods would be to carry out observations. Another 

consideration of observations as a data collection method is the notion of the 

Hawthorne effect, where participants react differently knowing they are being 

observed (Oswald et al., 2014). To combat this issue, I conducted short periods of 

observation in multiple places rather than a long period in one which meant that I was 

less visible, whilst also making sure to remain more hidden during these moments. 

By having an awareness of potential issues associated with observations and using 

the mitigation methods to avoid these, observations were a useful supplementary 

method for data collection within the thesis.  

 

2.9.4. Fieldwork diary 

During the research period from October 2017 - May 2018, a fieldwork diary was kept 

in order to log notes, thoughts, reflections and occasionally sketches related to the 

day’s activities. Fieldwork diaries are a useful tool for researchers, encouraging and 

facilitating deep learning, helping move beyond simple data collection and instead, 

prompting reflection about the environment in which information is generated 

(Dummer et al., 2008). Prior reading had stressed the importance of reflexive 

fieldwork accounts and the valuable role researchers can have when using these 

within fieldwork (Pascucci 2017). As Hall & Hall (2004) suggest, f ieldwork diaries offer 

opportunities to track changes in research decision making and to jot down ideas or 

thoughts on developing theory or everyday interactions in the field. The fieldwork diary 

kept during the research helped with data analysis by providing context and feelings 

in which data was collected. The diary was kept in a handwritten journal and in some 

sections, typed up electronically. The fieldwork diary was especially useful during the 

methodological reflection paper in Chapter 3.  

 

2.9.5. Trialled Methods 

Although interviews, focus groups, observations and fieldwork diaries were the main 

methods for data collection, a pilot period at the beginning of the research saw these 

and others methods tested for suitability.  When planning the fieldwork for the thesis 

whilst in the UK, surveys were drafted as a method for collecting data from users of 

smart technologies and data platforms within Nairobi’s informal settlements. 

Conducting surveys across different informal settlements could allow wider 
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understanding of current levels of smart technologies being integrated within the 

infrastructures on which these communities rely. Upon arrival in Nairobi however, 

discussions with Kenyan researchers working around informality, community activists 

and other stakeholders pointed to the negative impact previous surveys have had on 

the areas. International researchers, NGOs and other organisations collecting data 

within Nairobi’s informal settlements have frequently used surveys, leading to over-

researching of these communities and understandably, disinterest from people 

(Smolinksa 2013). These over-researched communities have become fed up with 

participating in data collection, often incentivised by the promise of rewards of taking 

part for their community, which frequently failed to materialise. These insights meant 

it was decided that surveys were to not be used as a data collection method and also 

informed ideas as to how other methods should be employed. 

During research, photography had been envisaged as a method for gathering insights 

about smart urbanism within Nairobi’s informal settlements and as a useful reflection 

tool. Photography has been well researched as a method within qualitative and 

ethnographic research, especially with regards its potential for illuminating hidden 

realities of the object (Collier & Collier 1986). For social science researchers, 

photography provides a productive opportunity to expand understanding and develop 

theory from a ground-up perspective by engaging with local communities (Brace-

Govan 2007). Participant photography, a method which places the power of data 

collection through photo taking in the hands of the research subject (Allen 2012),  is a 

popular method to engage with communities. When researching informal settlements, 

participant photography has been a popular method for data collection 

(Kangmennaang et al., 2020; Oduor et al., 2016). Participant photography had been 

selected as a method for the thesis, with the aim of it being used to understand how 

informal settlements communities engaged with increasingly digitised infrastructures. 

During the first few weeks of fieldwork however, and when gaining an increased 

understanding of how people interacted with smart infrastructures, it appeared that 

these would be fleeting engagements and the taking of photos would be an intrusive 

process. Furthermore, community activists noted that some participants might find it 

annoying having to use their valuable time taking photos within their communities, 

especially if it could cause local tensions. From these considerations, participant 

photography was not chosen as a data collection method for the research.  

For the thesis, I planned to use photography to add additional insights across the 

chapters. During fieldwork however, two issues occurred which resulted in a limited 

availability of photography to be inserted within the final thesis. Firstly, with fieldwork 

taking place during a tense political period in Nairobi, many people had reservations 

about being in photos, nor did many communities welcome having people take photos 

in their local areas. This was something I experienced first-hand during the first few 

days of fieldwork and something other researchers, both Kenyan and international, 

had also encountered. Secondly, I was already aware of the ethical considerations 

around photography within informal settlements and wanted to avoid the pitfalls of 

research voyeurism, where photos only serve to reinforce a Western framing of 

already known realities about infrastructural challenges within these areas. In addition 

to the practical limitations for collecting photos due to political tensions and ethical 
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considerations, a phone which contained the majority of photos became damaged, 

which meant that any photos available for the research were limited. 

 

2.10. Ethics and research considerations 

During any research, ethics should form a significant component, especially during 

work in the social sciences where data collection involves human participants (Diener 

& Crandall 1978). Prior to any data collection, ethical approval was sought and given 

from the University of Manchester Research and Ethics Committee. The research 

also adhered to University safety principles by submitting risk assessments, fieldwork 

approval forms and lone researcher working overseas documents.  

For all human participants in the research, whether from informal settlement 

communities, government officials or infrastructure providers, interview information 

sheets were supplied (Bateman 2002), thereby giving individuals details of the 

purpose of the research, what was involved, their right to withdraw at any point and 

contact details for both myself and the University of Manchester should they have  

any issues. In addition, consent forms were also supplied and signed by both myself, 

research assistants and participants. Where applicable, these forms were translated 

into Swahili and read to research participants by research assistants should there be 

literacy diff iculties.  

Confidentiality, anonymity and gaining informed consent were key considerations 

within the ethics of the research, and were offered to all research participants as well 

as agreeing that I, the researcher, would make any quotes of theirs used untraceable 

(Crow & Wiles 2008). Although conducting research during tense periods of political 

turmoil (as witnessed during the thesis) can spur an increased focus on privacy, 

confidentiality and anonymity (Skinner 2014), the thesis guaranteed this from the start 

in order to create an open environment for discussion with people. In addition, if a 

name was ever required within a text, then a name change was involved to continue 

offering confidentiality. All research participants were adults and able to offer their 

own consent.  

 

2.10.1. Researching informal settlement communities  

Another area of ethical consideration for the research was working within informal 

settlement communities. Entering into these communities meant research had to 

consider the implications of conducting fieldwork and the possible consequences of 

speaking with marginalised communities. By continuously reflecting on ethical 

considerations prior and during fieldwork, the research took an adaptive approach 

where data collection methods responded to both an evolving understanding of the 

area and the wider socio-political environment (further discussed in Chapter 3) 

A key ethical consideration of researching informal settlements was that of being an 

outside researcher, which can result in an ‘othering’ process. Throughout history, 

African cities, informal urban settlements and their communities have been ‘othered’, 
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whereby they have been examined and researched within a narrative of existing 

outside traditional realms of urban theory (Myers 2011). This ‘othering’ has often been 

cemented by research approaches, where two-dimensional, voyeuristic fieldwork has 

been carried out which exposed urban differences with minimal reflection on the role 

of the researcher in describing these realities (Mkono 2016). As someone who does 

not live within informal urban settlements, is not from Nairobi and has predominantly 

lived within cities of the Global North, I was aware of my reality as an outsider within 

areas I was researching and noted that this must be considered in how I navigated 

and reflected on data collection (Fine & Weis 1996). Van Stapele (2014) notes the 

importance of self -reflexivity when conducting fieldwork within Nairobi’s informal 

settlements, as shown by how they explored their role as an ‘other’ within these 

environments and how it shaped their understanding of people’s stories. For this 

thesis therefore, fieldwork was acknowledged as a “process which requires 

sensitivity, reflexivity, application and an ongoing dialogue between the research and 

social actors” (Prowse 2010: 227), so as to limit any further or unintentional ‘othering’ 

during the research. 

A second ethical consideration about conducting fieldwork within informal settlements 

was the impact that carrying out research can have on these communities. With an 

awareness of the impact that poorly planned and conducted fieldwork can have on 

informal settlement communities, I was already aware of the need to make sure the 

research was being approached correctly.  

As a result of the masculinisation of fieldwork within social sciences, risk within 

research has often been seen as a badge of honour, and often little considered 

outside of the consequences for individual researchers themselves (Bristor 1992). 

This approach to framing of risk has resulted in risk frequently framed as something 

to impact the researcher, as opposed to something the researcher can create for the 

local community (Sanders 2006). As Wilson (2018) suggests, in their work on 

bidirectional research risk focussed on Nairobi’s informal settlements, it is vital for 

research to consider the issue of creating research for communities through 

conducting fieldwork. As others have noted, fieldwork conducted in Nairobi’s informal 

settlements can make communities suspicious or even hostile to research teams 

entering into these environments, often due to a fear of data being gathered that leads 

to their dispossession or it being used for political factions (Frilander et al., 2014). 

These ethical considerations meant that when working within informal settlements, it 

was important to be upfront with the purpose of the research, to gain the trust of 

people and communities prior to any attempts to collect data and to limit the size and 

frequency of data collection teams. 

By following advice from Kenyan researchers, UK researchers who had worked in the 

area and also literature (Herber 2007), it was deemed necessary to ensure in formal 

meetings created organic relationships within the informal settlements and were 

carried out before any data collection. This approach helped develop a better 

understanding between myself and the local community, whilst also providing 

opportunities to share findings from the research. By slowly building up relationships 

with the local community, I had additional opportunities to become involved with local 

education programmes which, whilst not related to the research, gave me a chance 

to talk with local people about their everyday realities.  
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A final but important ethical consideration was how the findings of the thesis would 

be shared with the local communities in which I worked. As opposed to solely 

extracting information and sharing this with people in academic circles and back home 

in Manchester, a concerted effort was made to ‘give back’ insights to the communities 

in which they were generated. By closely working with the different infrastructural 

stakeholders within the informal settlements, I had opportunities to share some of my 

preliminary findings with infrastructural operators and members of the local 

communities. Making sure to keep all f indings anonymous, I was able to present data 

about the wider challenges facing infrastructural systems in the area and some of the 

consequences of smart urbanism’s manifestation. Although a workshop with key 

policy makers had been planned initially, changes to the fieldwork and reduced time 

meant I was unable to carry this out. By signposting policy makers to the academic 

papers produced from the thesis however, it is hoped the findings from the research 

will directly impact policy and governmental decision making in Nairobi.   

 

2.11. Methodological limitations 

Whilst every effort was made to ensure a correct methodological approach for the 

research, it is important to recognise a handful of associated limitations. 

The first methodological limitation is the reliance on qualitative data to generate 

insights. To build an understanding of smart urbanism from the perspectives of 

informal settlement communities, it was important to examine the everyday 

engagements with smart technologies and data platforms. With the critical approach 

to understanding smart urbanism (Luque-Ayala & Marvin 2019) harnessed by the 

thesis, it deviates from traditional research forays within this field by using qualitative 

methods to understand society’s interactions with this socio-technical process. Whilst 

this qualitative approach helped in producing three empirical papers for the thesis 

(Chapters 4-6), it could be argued that not gathering quantitative data had limited the 

scope of the research. If a quantitative approach had been used within the research, 

it would have centred on testing a range of hypotheses about the integration and 

impact of smart technologies and data platforms within the infrastructures of Nairobi’s 

informal settlements. Had surveys been used on a wider section of the population of 

Nairobi’s informal settlements, it might have generated a larger volume of data about 

the understanding, scope and extent of smart urbanism within these areas (Czaja & 

Blair 2005). As Söderström et al., (2014) suggest however, within discourses of urban 

futures, problems that cities face are continuously attempting to be solved by 

quantitative methods, in which phenomena can be measured and ascribed values. 

Therefore, whilst limitations of the thesis’s qualitative approach are that it does not 

provide findings that could be generalised elsewhere or concrete conclusions about 

the success or failures of smart urbanism initiatives, this was not the intention of the 

research from the outset. Instead, with an awareness of my impact on the research 

process, a dynamic research environment, changing variables and with an inherent 

push from the thesis to develop understanding about the socio-cultural interactions 

between informal settlements communities and smart urbanism, a qualitative 

approach was deemed best, despite its limitations, as opposed to a quantitative or 

mixed-methods approach. 



   
 

82 
 

A second limitation of the thesis is the approach used to select research participants. 

For users of smart technologies and data platforms within informal settlements, these 

were primarily identif ied by liaising with companies and major infrastructure providers 

who managed different smart technologies and data platforms in these areas. This 

approach presents an immediate limitation, whereby these gatekeepers might have 

only provided myself with access to people who had more favourable stories or 

experiences of smart urbanism. To combat this limitation, where possible I worked 

with the different companies and organisations to generate a list of all users and 

randomly selected people from this list myself. 

Another limitation of the data collection process was the diff iculty in speaking with 

stakeholders of smart urbanism in Nairobi during a period of social and political 

tensions. Interviews during this period were difficult to arrange and some people felt 

unable to meet in public, meaning that the research might have missed out on further 

insights. To combat this limitation, once the situation was calmer in Nairobi, all efforts 

were made to contact and recontact people who had declined interviews. 

An additional limitation of the data collection process was the selection of which smart 

technologies and data platforms were to be researched. As noted earlier, desk based 

research on smart urbanism in Nairobi prior to fieldwork, enabled a list to be drawn 

up of initiatives that were operating within the informal settlements. Upon arrival 

however many of these initiatives no longer existed or had been paused. Whilst many 

of the technologies were initially selected due to their scale or current operational 

status, the willingness of companies to participate in the research also impacted 

selection as they were key to being able to access their technologies, their data 

platforms and their users. This points to a limitation whereby the thesis might be 

generating insights solely from smart urbanism initiatives which feel comfortable 

allowing people to research. To combat this limitation, I made a concentrated effort 

to continually follow up with companies even if they were initially reluctant or less 

interested in supporting the research. Working with them, explaining the research, the 

ethical steps taken and the need to recruit participants helped gain access to a range 

of smart technology and data platform companies. Although not a faultless method, 

this approach helps rebut some of the issues associated with selection bias.  

 

2.12. Reflecting on positionality  

As Berger suggests, “the way we see things is affected by what we know or what we 

believe” (1972: 9). Understanding therefore how my positionality impacts the thesis 

is of significant importance for both allowing further context in which the findings 

emerge as well as pointing to potential limitations of the research approach itself. 

Although the paper in Chapter 3 provides a reflection of how positionality became 

impacted during fieldwork disruption, it is important to first think about how my 

positionality at a broader level impacted the research. I am a white, male, able-bodied, 

academic who, in the context of researching informal urban settlements in Kenya, 

would be primarily seen as an international outsider. These different parts of my 

positionality are important to reflect upon as they may impact both the research 

approach and the findings themselves. As Dürr (2007) suggests, as a white 



   
 

83 
 

researcher within informal settlements in the Global South, it is important to consider 

the ethical considerations around how relationships are formed with research 

participants. Miller (1995) notes how a white researcher from the Global North 

exploring everyday realities of people within the Global South can simultaneously be 

offered increased access to areas, whilst also being restricted from others, due to 

reluctance to participate from local communities. Therefore, my findings may reflect 

differently to those had a black, Kenyan researcher conducting the same research. 

Secondly, as a male researcher looking at infrastructures, I am automatically at odds 

with the gendered work associated with gathering resources in informal settlements, 

something usually done by women or children.  Therefore, my observations, or ways 

in which I interpreted the data, may be different to those had a female done the same 

research. As a male researcher however, I may have been able to get better access 

to the actual smart technologies due to unjustif ied perceptions about gender roles 

and local norms. Being able bodied, it meant I was able to freely navigate and travel 

around informal settlements, which gave me access to points of infrastructure that 

others with disabilities might not have been able to do. This is an important 

consideration for the research, given the growing awareness of smart technologies 

being designed to support people with physical challenges. Whilst the integration of 

one smart technology within infrastructure may have appeared functional or beneficial  

to me, for a researcher with mobility diff iculties, they might have interpreted this in a 

different manner. Finally, as an international researcher, I was perhaps offered 

access to technologies and infrastructures that other Kenyan researchers might not 

have, whilst also possibly being denied access to some that others might have been 

granted access. 

 

2.13. Data analysis 

As Shook et al., (2003) suggest, data analysis is a key component of any research 

and due attention must be paid within qualitative studies to make sure this is 

conducted properly and its consequences understood. For the thesis, all data was 

analysed by myself as the researcher, using a thematic approach with the support of 

Nvivo, a computer qualitative data package. Despite concerns around computer 

packages such as Nvivo leading to separation between the researcher and the data, 

with a decontextualisation of text, this approach was chosen for data analysis, given 

its applicability in easily separating out themes and codes f rom large amounts of data 

(Evans 2009). To combat some of the challenges associated with solely relying on 

computer packages however, a hybrid approach was used that blends coding by hand 

with the use of Nvivo (Welson 2002), thus allowing direct contact with research text 

whilst also being supported by the categorisation potential of the software. By making 

sure to read and reread transcripts throughout the analysis process and use this to 

identify different categories of themes, a counterbalance to the more rigid process 

within Nvivo was created (Taylor-Powell and Renner 2003). Nvivo provides a 

comprehensive computer packaging tool that allows codes, themes and sub-themes 

to be identif ied by the researcher, whilst also providing opportunities to visualise the 

correlation between these (Bazeley & Jackson 2013). Prior to using Nvivo, its 

potential limitations and disadvantages for data analysis were considered (Welsh 
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2002), but the benefits of using such software to analyse a large dataset outweighed 

any negatives.  

Thematic analysis is one of the most common approaches to analysing qualitative 

data and involves the identif ication of various patterns or themes which emerge from 

the data. Its popularity as a method for data analysis is due to its lack of adherence 

to any particular epistemological or theoretical perspective, meaning the approach is 

flexible and can be employed across a range of research contexts (Braun & Clarke 

2006). By using Braun and Clarke’s (2006) 6-step framework, the thesis had a clear 

and comprehensive approach towards thematic analysis throughout the research. 

The 6-step framework helps avoid a pitfall common in thematic analysis where 

themes often arise in line with interview questions, meaning that data is categorised 

rather than analysed (Javadi & Karea 2016). Using this 6-step approach to thematic 

analysis initially involved familiarisation with the data through reading and rereading 

transcripts and text and noting down initial impressions by hand. Following this, the 

second step was to generate initial codes. This step involved using an open coding 

approach where, rather than relying on pre-set codes, there was analytical space for 

these to develop. By reading texts and breaking down sections into broad codes, 

initial codes began to emerge. The third step of the analysis was to group certain 

codes together into broader themes. These themes cut across the text and transcripts 

and involved both a visual approach of using post-it notes to arrange these in relation 

to their codes, whilst also using Nvivo to properly store these. Examples of themes 

from the research included reasons for rejecting technology implementation, what 

people wanted from smart urbanism and challenges for digitising infrastructures. Step 

four involved a review of the themes, looking to see if they made sense, had overlap, 

were too crowded with codes, were supported by data and whether there were any 

others missing. Visually arranging these by hand helped with reflection on the data 

as did discussion with other researchers separate to the work, either during 

department talks or during conversations. During this process, a handful of larger 

themes were separated into two categories which greatly helped inform the empirical 

chapters of the thesis. The fifth step required a clear definition of the themes, to 

‘identify the essence of what the theme is about’ (Braun & Clarke 2006: 92). At this 

stage, themes and any sub-themes were analysed in terms of their relation to each 

other. Nvivo was used during this approach with its tool allowing text accompaniments 

when mapping the ties between themes. The final stage of the thematic analysis was 

the utilisation of these themes during the writing up process of the empirical chapters. 

Here, themes helped provide different sections within papers, as well as guiding the 

overall structure of each paper.   

 

2.14. Developing the papers of the thesis 

The body of the thesis consists of three empirical papers (published in Frontiers in 

Sustainable Cities and Urban Studies, and one submitted to Environment and 

Planning D)  and  a methodological reflection paper (published in Area). The 

motivation for presenting a methodological reflection paper as part of the thesis 

(Chapter three) was born from the realisation of the lack of discussion around 

fieldwork challenges faced by researchers. The methodological  paper notes that 
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whilst large scale disruptive events are deemed worthy of reflection, there was a 

deficit in academic discussion about other events that can disrupt fieldwork, such as 

political turmoil. Drawing from personal experiences in Nairobi, the paper notes that 

by developing flexibility positionalities and adaptive methodologies in research 

approaches, disruption encountered during fieldwork can be better navigated. The 

paper stresses the need for further publications to focus on reflective fieldwork 

accounts. 

The three empirical papers build on from each other, with each one answering one of 

the thesis’s research question. The three layers of smart urbanism’s examination are 

adopted from Bukht’s and Heek’s (2017) critical examination of the digital economy, 

focussing on the device, data and societal levels. I acknowledge that these three 

components are not the only ones that make up smart urbanism. Research looking 

at smart urbanism within informal settlements could also consider the politics, 

discourses and marketing associated with this process. By selecting technologies, 

data and society however, it covers core technological components of smart urbanism 

whilst also considering its consequences for framings of citizenship. In addition, the 

thesis explicitly aims to develop a critical understanding of smart urbanism’s 

manifestation from a bottom-up perspective and with this in mind, the three 

components selected provide appropriate openings for examining this. The empirical 

papers examine these three aspects at an increasing scale; IoT technologies at the 

artefact level, data and platforms urbanism at a wider community level and the 

intersection of smart urbanism and informality at a societal level.  Combining the 

insights from across the three empirical papers brings together a holistic 

understanding of smart urbanism’s manifestation within informal urban settlements.  

Chapter four, the first of the empirical papers, responds to the first of the research 

questions, what are the consequences of smart technology’s integration into the 

infrastructures of informal urban settlements? The paper shows that inserting IoT 

technologies into the infrastructures of Nairobi’s informal settlements helped 

reconfigure trust within multiple configurations. This reconfiguration of trust helped 

ease the infrastructural uncertainty that had frequently compounded issues which 

both users and operators of infrastructures faced in these areas.  

The second empirical paper of the thesis in Chapter five responds to the second 

research question, how do digital platforms navigate notions of infrastructural change 

within informal urban settlements? This empirical paper naturally builds on from the 

first, using the understanding developed about the integration of  smart technologies 

into informal settlements to understand how digital platforms navigate infrastructural 

change within these areas. Using the notions of HICs, the paper notes how digital 

platforms have to navigate infrastructural f luidity whilst also identifying their 

consequences by creating fixities in the dynamic configurations of informal 

settlements.  

Having developed an understanding of the technological and data components of 

smart urbanism’s manifestation within informal settlements, it was necessary to 

examine its consequences for the underlying infrastructural and social dynamics of 

these areas. The third empirical paper in Chapter six addresses the final research 

question of the thesis, how does smart urbanism challenge or reinforce the dynamics 
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of informal urban settlements and with what consequences? By using SUPE to frame 

how everyday interactions with infrastructure shapes urban environments, the paper 

notes that smart urbanism in Nairobi’s informal settlements limited opportunities for 

incremental urbanism, whilst simultaneously presenting new avenues for insurgent 

processes in shaping local environments.    

By tying its three research questions to three empirical papers, the research approach 

of the thesis allowed a natural interlinking between the findings. The insights around 

IoT’s integration helped inform thinking about the digital platforms, and the findings 

from exploring both of these areas helped inform the examination of smart urbanism’s 

impact on infrastructural and social processes. The three empirical papers are, 

however, able to stand alone, each identifying gaps in current understanding, 

research approaches, f indings and their implications. Providing a methodological 

reflection paper increased the conceptual contribution of the thesis, whilst also 

providing me space to think about the research process within a wider context of 

conducting fieldwork in the Global South.  

 

2.15. Rationale for journal format of thesis 

The rationale for submitting the thesis by journal format is for three reasons. Firstly, 

with smart urbanism increasingly entering into the policy rhetoric of urban 

municipalities within Kenya, Africa and globally, developing real world understanding 

of the consequences of this socio-technical process is vital. Providing insights through 

empirical papers enables policy makers to have direct examples of the impacts and 

consequences of smart technologies and data platforms. These papers therefore, are 

vital in helping decision makers within areas such as urban development and 

infrastructural reconfiguration. The second reason for submitting the thesis by journal 

format is, the ability for this research to act as a stepping stone for others to build 

upon. At the end of each empirical paper, a series of further questions and possible 

research avenues have been highlighted. Putting these questions within journal 

papers, increases the likelihood of others taking these up within the field of smart 

urbanism. Finally, as an early career academic, a journal format PhD enables people 

like me to enter into a competitive job market armed with a selection of published 

papers.  
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3.2. Abstract 

For many researchers, conducting fieldwork can often form a significant component 

of data collection. With a rich history across many disciplines, fieldwork has received 

significant reflexive examination, notably around when it is conducted in dangerous 

areas or used for researching high‐risk situations. Less attended to, however, are the 

equally disruptive but less dangerous situations that researchers can face, such as 

conducting fieldwork during political turmoil. The aim of this paper is to explore the 

impact of political turmoil on fieldwork, and reflectively examine both the 

consequences of this and possible ways of mitigation. Through examining fieldwork 

notes and journals, the findings identified that despite political turmoil's significant 

disruption on processes of data collection, the researcher utilised notions of flexible 

positionalities and developed adaptive methodologies to circumvent these 

challenges. The paper provides new insights for managing the impact of disruption 

on fieldwork from political turmoil and encourages the continuation of publications 

focusing on reflective fieldwork accounts. 

 

3.3. Introduction 

Researchers from a variety of institutions may often find themselves conducting 

fieldwork, sometimes abroad, and in situations that they themselves, or others, label 

as “dangerous.” When conducting fieldwork during these periods, a researcher is 

often situated directly within the vicinity of danger, necessitating an understanding of 

what to do when things go wrong. For many, the cause of the danger being 

experienced in the fieldwork can be the focus of their study, such as examining civil 

war or drug cartels. Because of this, the associated dangers can be expected prior to 

fieldwork and better planned for. For other researchers however, while they may not 

be researching such dangerous environments, significant disruption can suddenly 

appear through events outside of the research scope, such as political turmoil. 

Despite both experiencing disruption, it is possible to see these two settings for 

research on a continuum with dangerous fieldwork at one end, where a researcher's 

life may be in peril, and at the other end, fieldwork being conducted in an environment 

that could suddenly become tense and/or diff icult. When the term “disruption” is 

employed here, it is used within the definition of it being a “situation where deviation 

from an initial plan is large enough to change the plan substantially” (Clausen et al., 

2001).  
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At the first end of this continuum, that of dangerous fieldwork, examples of disruption 

that can arise include the presence of fear, imprisonment, academic/professional risk, 

emotional and/or psychological pressure, threat of force, and the application of 

violence, impacting both the researcher and the researched (Kovats‐Bernat, 2002; 

Rogers‐Brown, 2015). In addition to this, others have examined the impact of shock 

on researchers in the field (Robben & Nordstrom, 1995) and the ethical issues around 

conducting dangerous fieldwork (Nordstrom, 1997). Together, these efforts form a 

substantial subfield within anthropology around accounts of violence and terror 

(Sluka, 1990).  

When examining the literature of reflexive fieldwork accounts, which attempt to reflect 

researchers’ experiences, offer practical insights for future researchers, and provide 

comments on best practice and what to do when things go wrong (Bagshaw et al., 

2007), it appears that much of this literature is drawn from the dangerous fieldwork at 

one end of the aforementioned continuum. While this work offers useful insights on 

dealing with issues that can arise from these types of fieldwork, there is a lack of 

discussion around fieldwork conducted at the other end of this continuum, such as 

that carried out within less extreme environments or at times when unexpected 

danger appears, one prominent example being that of political turmoil.  

Taking the example of political turmoil, it is often understood as something that can 

appear suddenly during fieldwork, can cause significant research disruption, may lead 

to heightened danger, and may only last a short period (Kovats‐Bernat, 2002). When 

I discuss political turmoil, I use a definition from McKeown, who suggests this as “a 

state of confusion or disturbance within the context of the politics of a country, 

geographical area, or cultural group of people” (2012, n.p.).  

As Clark (2006) suggests, researchers are often aware of and potentially influenced 

by an area's political climate when planning fieldwork. In a world where political 

tensions are increasingly visible, possibly spurred on by advances in digital 

technologies, it is increasingly likely that fieldwork may be conducted in environments 

where political turmoil can arise. Maintaining an academic silence around political 

turmoil during fieldwork therefore only results in future researchers being less 

prepared when entering the field.  

The aforementioned gap within the literature, around researchers dwelling on the 

nature of fieldwork during periods of political turmoil, was identif ied through an 

extensive literature search. In addition, a keyword search on scholarly databases was 

conducted, combining phrases such as political turmoil, f ieldwork, research(er), 

disruption, danger, and dangerous. Given this omission within the literature, and the 

important contribution that addressing this gap can play, this paper aims to examine 

how political turmoil impacts fieldwork and suggest how disruptions might be 

overcome. 
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3.4. Dangerous fieldwork and dealing with disruption 

Before examining the issue of fieldwork disruption, it is important to stress the 

significant impact a researcher's positionality has on the employment of terms such 

as danger, dangerous, and disruption. In my case, as a white, male researcher, my 

positionality will be different to that of many others, and this positionality will ultimately 

impact both the research processes and its outcomes. For one, as a male body 

entering the fieldwork, I am less inclined to face the risks and challenges a solo female 

researcher might experience during data collection (Sharp & Kremer, 2006). In 

addition, as a white researcher I am unfairly afforded favourable assumptions and 

privileges that many local, black researchers might not receive (Hendrix, 2002). Other 

aspects of one's positionality might include age, economic status, and sexuality, all of 

which impact processes of data collection and analysis. Furthermore, historical 

experiences and exposure to other forms of danger will undoubtedly impact how a 

researcher interprets these elements and, therefore, their subsequent decision to use 

such a term (Kusow, 2003; Merriam et al., 2001).  

As previously identif ied, examining the reflexive literature on conducting fieldwork 

during dangerous periods reveals that it covers a range of situations that include 

periods of significant conflict, civil war, terror threats, illegal activities, and uprisings. 

While this paper focuses on political turmoil, a less explicitly dangerous period at least 

in comparison to the above events, literature around dangerous fieldwork offers useful 

insights for mitigating and managing disruption.  

Within the broader literature on fieldwork, various authors offer insights on conducting 

fieldwork in locations that often come with heightened dangers and associated risks, 

many being located in the Global South, while also presenting ways to navigate such 

dilemmas (Crawford et al., 2017; Lunn, 2014). While these literatures offer insights 

into conducting dangerous fieldwork, in this paper I turn to the more specific, reflexive 

literatures which provide detailed accounts of dangerous events that tend to elicit 

particular suggestions for dealing with disruption in fieldwork. 

In research on street children in Haiti, Kovats‐Bernat (2002) identif ied the lack of 

writing around how researchers examining the fringes of societies can best deal with 

any dangerous consequences that may arise. For Kovats‐Bernat, f ieldwork 

experiences reflect an incredibly dangerous environment where the author was 

caught up in street shootings, searched, and suspected of subversion. Reflecting on 

these events, Kovats‐Bernats presents practical suggestions that include challenging 

the original ethical disciplines during fieldwork, reconfiguring the relationship between 

the researcher and the researched, and understanding how data exchange must 

adjust to hazardous circumstances.  

Chakravarty (2012) noted that to best manage heightened societal tensions during 

research, using their work in post‐ genocide Rwanda for context, it may become 

necessary to navigate a “grey zone” in which trust and distrust between the 

researcher and the researched operate simultaneously. Augustin (2018), in work in 

Yemen during a time of conflict, identified that quelling any distrust of allegiances as 

a researcher early on can help smooth the fieldwork during times of heightened 

societal tension. Belousov et al. (2007) provide a range of potential solutions for 
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dealing with the fallout of conducting fieldwork in dangerous settings abroad, which 

include being willing to consult private security, avoiding operating with state 

agencies, documenting all f ieldwork movements, and wearing unobtrusive clothing 

that does not attract attention.  

Despite the insights provided above from the reflective literature around “dangerous” 

f ieldwork, the necessity remains for similar examination around the less dangerous 

but equally disruptive notion of conducting fieldwork during political turmoil. With an 

increase in the numbers of those conducting research abroad and a push from senior 

levels for increasing international research collaborations (Streitwieset & Sobania, 

2008), it is vital to address such a shortfall in current understanding. As identified 

previously, this paper endeavours to fill this gap by utilising insights from the author's 

own experiences in dealing with political turmoil during fieldwork, its consequences 

for research disruption, and how these disruptions were navigated. 

 

3.5. Research background 

The author's research endeavoured to explore the development and impact of 

Internet of Things (IoT) technologies in Nairobi and required both site visits to informal 

areas as well as interviews with a variety of stakeholders, including politicians, 

industry leaders, citizen organisations, and users. IoT technologies refer to a network 

of devices connected via the internet that are able to operate independently and 

autonomously, smart meters and environmental sensors being some examples. The 

research took place in Nairobi between September 2017 and May 2018. The fieldwork 

was undertaken primarily by the author, with periodic support from a research 

assistant.  

On 8 August 2017, Kenya held its general elections, coming in the wake of the 

troubled elections of 2007 which saw “1,500 dead, over 3,000 women raped, and 

300,000 internally displaced” (Kimani, 2018, p. 1) and the less violent but contested 

elections of 2013. With voting preferences often following ethnic divides, the share of 

votes between the two running parties is often split down the middle. The results from 

the 2017 election reflected this divide, indicating that the incumbent President Uhuru 

Kenyatta had won with 54% of the votes. These results were challenged by Railia 

Odinga, and fresh elections were agreed for 26 October 2017.  

The period between the first and planned second polling day in 2017 saw significant 

political turmoil, reflected by over 50 deaths across the country and numerous 

protests, riots, and other forms of civil unrest that resulted in the destruction of private 

and public property. Despite Odinga refusing to participate in the second election, 

Uhuru Kenyatta was declared the winner with 98.26% of the vote share from a 

38.84% turnout (compared to 79.5% in the first round).  

While I, the researcher, was not placed in any significant danger during this period, 

at least not in the context of my life being in peril, the unrest from the election resulted 

in a period of heightened tension across the city which significantly impacted the first 

few months of fieldwork. The political turmoil caused many of the pre ‐planned 

research projects to be cancelled by various organisations, government officials, and 



   
 

92 
 

persons of authority who had previously welcomed an interview now becoming 

reluctant to do so. In addition, some informal areas where the IoT technologies were 

deployed became no longer safe to enter on the advice of local people in these 

locations. Work by Bachmann (2011), although undertaken at a different spatial level 

in Kenya, identif ied some of the impacts of the 2011 election on their research and 

stressed the need to use multiple roles in the field to deal with election impacts on 

research.  

Work by Pascucci (2017), which utilised the researcher's reflexive accounts during 

fieldwork in Africa, acted as a guide and stressed the importance of this reflective 

approach in research. Fieldwork diaries, personal journals, and notes were regularly 

kept during the research, a process encouraged by others (Thompson, 2014), and 

these various texts were subsequently examined and analysed, allowing for key 

themes to emerge. 

 

3.6. Dealing with disruption: Rethinking methodologies and 

utilising flexible positionalities 

Heightened tensions across Nairobi and throughout Kenya during the period of 

political turmoil meant that, as an international researcher, I had become further 

entrenched in my position as an outsider (Merriam et al., 2001), often leading to 

suspicion and hesitancy from some interviewees. By employing the term 

“international researcher,” it brings together two relatively ambiguous terms, both with 

interesting historical and epistemological lineages (for a fuller understanding of these 

terms, see Janis, 1984; Kassi et al., 2009). Despite its ambiguity, the term 

“international researcher” is used to identify my positionality as someone entering the 

f ield with the purpose of data collection and from a location outside of Kenya.  

Various persons with whom I had previously built up a good relationship online had 

now become a lot less keen to open up about subjects that we had previously 

mentioned during correspondence. In addition to this, site visits were proving to be 

increasingly diff icult to conduct and focus groups had become challenging to 

formalise. It had become clear that if I had arrived three months earlier, I could have 

visited the various projects with little disruption.  

The belief that I had become more of an outsider since the tensions had arisen was 

also confirmed by other PhD researchers in the area, who identif ied similar feelings. 

During a meeting, a fellow international, non‐Kenyan researcher commented on the 

diff iculties she was having when trying to recruit participants, as people had become 

more suspicious of her activities. Another international, non ‐Kenyan researcher 

discussed the disarray of her fieldwork methodology, given that her site of 

investigation was a hotspot of unrest and that she was now running out of time to 

collect her data.  

Various entries in my fieldwork diary reflected the significant disruption to the research 

due to the political turmoil and also how being viewed as more of an outsider to the 

area may have deepened these issues. It appears here, however, that some of the 
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insights from the body of more “dangerous” fieldwork reflections provided useful 

guidance for myself during this period of political turmoil. 

 Throughout fieldwork during this period, Chakravarty's idea around conducting 

research within a “grey zone” became incredibly useful, especially at heightened 

periods of societal tension. As a researcher, I would continuously attempt to create 

an atmosphere of trust in the interviewing process. Soon after, however, it became 

apparent that I needed to accept this notion of working in a grey zone, and that 

although participants might have some scepticism it was merely a reflection of the 

current climate.  

A second useful insight provided some of the more practical suggestions identified by 

Belousov et al. (2007), such as wearing appropriate clothing and documenting all 

f ieldwork movements. By adjusting my clothing so as not to attract too much attention 

in the CBD, but also remaining smart enough for interviewees from senior positions, 

I managed to navigate some of the fallout of political turmoil on interviews. In addition, 

noting all f ieldwork movements became a core aspect of daily writing, an example 

being when I travelled with taxi drivers who would suddenly receive texts to avoid 

certain areas. These drivers provided an invaluable source of information about what 

areas were best to avoid that day and how to plan fieldwork around it.  

Through a reflection and analysis of fieldwork notes, however, this paper provides 

two additional and novel insights specifically related to conducting fieldwork during 

periods of political turmoil: those of using adaptive methodologies and employing 

flexible positionalities. 

 

3.6.1. Adaptive methodologies 

As the taxi entered the roundabout, the scale of the protest suddenly dawned on me. 

We were then wedged in by the traffic coming from behind. This left us in the middle 

of the roundabout with the students and other protestors to our right and the military 

and police to our left. As our windows were down, the first wave of  teargas that had 

just been fired floated into the car. The taxi driver quickly sped off …. I won’t be able 

to carry out my meetings at the Uni today. (Diary entry 25 September 2017)  

As shown earlier and in the diary entry above, the first month in which I arrived in 

Nairobi saw significant disruption to my research plans. By deciding to reconfigure 

my research methodologies, however, I became better able to deal with such 

challenges. I have termed this accommodation adaptive methodologies in order to 

reflect the necessity of making sure fieldwork methods are able to respond to the 

current environment in which they exist, in this case, political turmoil. This builds on 

work by Hansen that suggests “researchers should be flexible during fieldwork” (2018, 

p. 11) and Scott et al., who note that fieldwork necessitates a “negotiated, adaptive, 

and flexible approach” (2006, p. 38).  

One of the first aspects of my methodologies being impacted by the disruption from 

political turmoil was that of the interviews. Often, government officials were less keen 

to open up about divisive topics, despite discussing these over emails in the previous 
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months. With senior officials, there were challenges in both gaining access and in 

being able to ask more detailed questions about political ramifications of IoT. I soon 

realised that, as I had organised these interviews to take place at the interviewees’ 

places of work, the participants were perhaps feeling under greater scrutiny from 

others, given the current climate. From this point on, the research moved towards 

carrying out interviews at neutral places, such as cafes and bars in the CBD, in busier 

environments away from people's offices and colleagues.  

In addition to this, ethno‐political tensions had stoked sporadic violence across the 

city and occasionally in areas where I had planned to conduct user interviews. I 

realised that even with an assistant and a translator, approaching interviews in the 

pre‐planned way would be diff icult. For many of the early interviews, I had removed 

myself completely from the environment, entrusting my research assistant to conduct 

the research and explore further areas of questioning. As time moved on and tensions 

subsided, we learnt to “play it by ear” as to whether I should come back into the 

interview environment.  

Focus groups had been planned with various stakeholders from Nairobi's IoT 

community in order to foster debate and collect an array of opinions. General societal 

tensions from political turmoil, however, meant that attempting to organise these 

group meetings became increasingly diff icult, and trying to circumnavigate various 

obstacles significantly slowed down this process. After a pilot focus group had been 

conducted, we quickly deduced that our approach needed to change. It became clear 

that there was a need to start working with smaller groups and allow them greater 

control around location and conversation structure. On this final point, we understood 

during the course of the first focus group that our predetermined topics for discussion 

and structure might not be best suited to being initial opening questions. Tensions 

and governmental criticisms were still high and, understandably, people were keen to 

discuss these for a while before proceeding to discuss technology.  

As a researcher during this period of disruption, it was important to understand that 

data collection procedures needed to fit around complex social discussions that were 

happening due to the political turmoil, and that the planned interviews and focus 

groups needed to build this into their formats. As political turmoil and its 

consequences were completely out of my control, I had to accept relinquishing some 

jurisdiction around my methods. During periods of political turmoil, disruptions can 

quickly appear and by developing adaptive methodologies that can absorb these 

changes, fieldwork can continue. 

 

3.6.2. Utilising flexible positionalities 

Although the idea of a researcher having multiple positionalities is nothing new 

(Sultana, 2007), my fieldwork notes suggested that during times of political turmoil it 

can become necessary to actively employ these and even merge them in order to 

mitigate the fieldwork disruptions.  
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Answering the research questions necessitated conversations to be held with a broad 

range of stakeholders. During some of the earlier interviews with government officials 

and users, I found that the political upheaval had increased tensions with outsiders 

such as myself, making interviewees somewhat sceptical of my work. When 

examining possibilities as to why this was and how I could lessen the risks, it 

appeared that during my initial approach to these conversations I had subconsciously 

maintained a fixed positionality of a white, male researcher from the UK. I soon 

realised, however, that continuing this framing of myself during this period was closing 

more doors than it was opening. Due to the political turmoil and the consequential 

heightened societal tensions and daily disruptions, it was imperative for me to forge 

connections through other aspects of my positionality, such as being interested in 

football and technology. Doing so would allow my true intentions to be understood, 

while also forging connections in other ways.  

By using other aspects of my positionality (footballer, tech enthusiast, etc.), I was able 

to establish genuine connections with interviewees and, despite lengthening the data 

collection process, it created a more stable research environment during a relatively 

unstable period. Instead of switching between these positionalities, I was instead 

attempting to blur them and highlight the most relevant one at the time.  

When conducting interviews and focus groups in informal settlements, I would often 

find myself in a position in which various persons were wishing to talk with me about 

some of the issues they were facing as a consequence of the political turmoil. 

Because of my outward positionality as a white, international researcher, I was often 

seen as a possible agent for helping share people's views and frustrations with higher 

levels. Often, despite my insistence that I was merely an academic researcher, I found 

myself talking with different groups of people who were keen to discuss various 

electoral grievances. Although reluctant initially, by utilising this flexibility I was not 

only able to give these people a soundboard for airing their grievances, but also 

provide myself with richer understanding around the social and political complexities 

of these informal areas. In addition, I was able to highlight some of these issues when 

I later had meetings with large infrastructure providers and people in government. As 

this element suggests, during fieldwork the researcher can find themselves being 

prescribed a positionality that may not feel correct or accurate. While initially daunting, 

utilising this new positionality may not always prove to be a hindrance and can 

sometimes lead to research benefits.  

Although the idea of flexible positionalities in navigating fieldwork challenges is not 

new in itself (see Thompson, 2014), the findings shed light on how these links operate 

under conditions of tension and suspicion from political turmoil. CHAMBERS | 441 As 

identif ied, by using or at least being open to the idea of flexible positionalities, the 

researcher can find herself/himself in a better place for dealing with data collection 

challenges that occur from the fallout of political turmoil, and may even find the 

research examining new avenues that had previously seemed too d iff icult or 

unobtainable. 
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3.7. Conclusion 

The purpose of this paper was to explore the current gap in understanding around 

how political turmoil impacts fieldwork and how these disruptions can be overcome. 

Despite the established subfield within anthropology on conducting fieldwork within 

dangerous environments, these efforts tend to ignore less life‐threatening but equally 

disruptive research settings such as carrying out data collection during political 

turmoil. The paper drew from an analysis of the author's fieldwork notes during a 

period of political turmoil in Kenya in late 2017. Through this analysis, the paper 

identif ied overlaps with the reflections from the more “dangerous” fieldwork literature, 

including the necessity to navigate a “grey zone” around trust, monitor fieldwork 

movements, and wear unobtrusive clothes. In addition, the paper offers two novel 

findings directly related to navigating disruptions from political turmoil, that of 

employing adaptive methodologies and using flexible positionalities.  

The first of these, adaptive methodologies, identified that relinquishing some control 

around data collection and approaching methods in slightly different ways, enabled 

research to navigate these disruptions caused by political turmoil. The second finding, 

using flexible positionalities, suggested the importance of the researcher being willing 

to utilise a non‐ f ixed understanding of themselves. By using other aspects of the 

researcher's identity and by allowing others to bestow on them labels that  may seem 

unfamiliar at first, disruption to fieldwork from political turmoil can be better managed. 

While both of these findings are identif ied within anthropology's subfield around 

dangerous fieldwork (Kovats‐Bernat, 2002; Whitmore, 2010), this paper provides 

valuable insights for understanding these within a fieldwork context where threats to 

the researcher are less extreme.  

Despite these findings, limitations of the research warrant exploration. First, the 

research is situated in particular spatial and temporal dimensions and if one were to 

take the fieldwork disruptions identif ied here at face value, it could lead to an 

incomplete translation elsewhere. While it is not to say that similar events do not occur 

elsewhere, the exact ethno‐political matrix that fostered much of the political turmoil 

in the Kenyan elections is situated in this country alone.  

A second issue is that the entireties of these findings are based on the researcher's 

own experiences, positionality, and capabilities. Although many people in Kenya and 

international observers identif ied the political turmoil and disruption within Kenya 

during this period and used such a term, there may be others who may choose not to 

employ these exact phrases, perhaps identifying it as something greater than turmoil 

or there being little disruption. This was confirmed at a meeting with a Kenyan PhD 

student who was based internationally at an institution but had returned to Nairobi for 

fieldwork. This researcher identified that the political turmoil did not disrupt her data 

collection as much as it had mine, given her ability to better understand urban 

tensions due to her upbringing in Nairobi. By knowing which areas violence was more 

likely to arise, she was better able to plan her fieldwork and avoid disruption. 

Furthermore, with relatively limited experience and exposure to fieldwork abroad, this 

researcher's capabilities were perhaps significantly less than others who might have 

greater fieldwork knowhow.  
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Despite these concerns, however, it should be noted that the paper does not intend 

to act as a concise account of the upheaval and disruption from the Kenyan 2017 

election. The paper's aim was to open up discussion about fieldwork disruption during 

political turmoil and examine how these challenges can play out.  

The research provides novel and important insights into a variety of aspects. First, for 

researchers entering fields where political turmoil may be present, the paper provides 

a reflective account of related fieldwork challenges and how these disruptions were 

managed. The two novel findings, adopting adaptive methodologies and utilising 

flexible positionalities when political turmoil impacts fieldwork, both provide insights 

for research around what to expect in the field and how associated challenges might 

be overcome.  

Through reflective accounts, the true nature of fieldwork and the way in which it may 

suddenly change can be revealed and further explored. This paper identifies the need 

to reflect not just on fieldwork in “dangerous” environments, but also on the factors 

that are less threatening but equally disruptive to a researcher, here evidenced 

through the case of political turmoil.  
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4.2. Abstract 

Of the build out of humanity predicted up to the end of the century, a substantial 

portion will occur within informal urban settlements – areas characterised by poor 

access to infrastructure and services. There is a pressing need to better understand 

how and with what implications the growing proliferation of Internet of Things (IoT) 

technologies, as a component of smart urbanism, are being applied to address the 

challenges of these areas. The following paper addresses this research gap, showing 

how IoT technology is reconfiguring trust within water and energy infrastructures in 

Nairobi. We apply work on informal urban infrastructures and smart urbanism to three 

case studies, producing novel insights into how IoT technologies reconfigure 

connections between users, providers and infrastructures. This reconfiguration of 

trust smooths chronic infrastructural uncertainties and generates reliability within 

informal settlements and, in doing so, leads to increased personal economies. We 

conclude by considering how these examples provide insights into the implications of 

IoT for everyday urbanisms in informal settlements and how these insights relate to 

global smart city debates more widely. 

 

4.3. IoT and informal urbanism: Gaps and potentialities 

The infrastructures that permeate and service urban areas are increasingly controlled 

by advanced digital devices. Sensors, actuators and thermostats, connected via 

internet infrastructure, form networks of devices that are able to seamlessly and 

ubiquitously transmit data between them. This notion of a connective network in which 

physical objects are brought together ‘online’ through the internet has been 

summarised in the term the ‘Internet of Things’ (IoT). IoT envisions a new paradigm 

of digital communication whereby everyday objects are equipped to communicate 

with one another and with users (Zanella et al., 2014). Examples of IoT technologies 

include health monitoring systems, domestic thermal controls and energy meters. 

Discourses of IoT, and smart cities more generally, conjure a hyper-modern world 

where millions of connected devices are able to communicate with each other to 

create efficiencies, enhance sustainability and improve human life (CISCO, 2015). In 

light of these supposed benefits, governments and municipalities around the world 

have been eager to engage with this paradigm, inserting IoT within both national and 

urban strategies (Li et al., 2015). 
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Despite a global deployment of IoT technologies, the predominant focus of research 

and policy discourse has been towards application of these technologies within the 

more developed urban areas of the Global North (Erfanmanesh and Abrizah, 2018). 

As Wamba et al. (2017: 7) state, ‘very few studies (around IoT) were conducted on 

cities in underdeveloped countries, which face huge challenges including waste 

management, electricity and water supply … and these issues should be included 

into future research’. Miazi et al. (2016) identify aspects particular to developing 

countries that this ‘novel paradigm’ of IoT can benefit, including precision agriculture, 

road safety and environmental modelling, as well as a range of technical, device and 

financial challenges this paradigm may face. Graham and Haarstad (2014) identify 

that IoT has potential within low-income and informal settlements where 

infrastructural access is minimal but, as Roy et al. (2016) note, social acceptance of 

IoT may also be low in these areas. This paper builds on these examinations and 

addresses the overarching gap, exploring IoT’s implications for the informal urban 

areas and infrastructures in which it is deployed. 

In Africa, Coetzee and Eksteen (2011) suggest IoT may be most beneficial to food 

security, natural disaster management and water monitoring. Other work by Atayero 

et al. (2016) has examined the readiness of African countries to adopt IoT 

technologies, noting the political and economic hurdles that can inhibit adoption. In 

addition, Stewart (2019) suggests adoption is hugely dependent on the power and 

infrastructural capacities available to allow communication between devices. Both 

Saint and Garba (2016) and Onyeji-Nwogu et al. (2017) have also identif ied how the 

demand for IoT technologies in African cities will significantly differ between regions, 

commenting that in these cities automation devices may not be of much use, whereas 

smart metering technologies could make a significant impact. In addition, there has 

been an abundant level of research around the political-economies of smart metering 

in the Global South and particularly within Africa (Pegels, 2010). 

Despite a low percentage of machine-to-machine connections within Africa (1% of 

global connections) (Ndubuaku and Okereafor, 2015) current IoT interventions have 

shown potential, including Airtel Congo’s f leet-tracking devices, Sweetsense smart 

water meters in Rwanda, MTN in Rwanda providing PoS terminals and Sequoia 

Technology using M2M GPRS printers to speed HIV diagnosis. Bekele (2017) notes 

that whilst many African countries were too late to shape previous digital revolutions, 

the nascent stage of IoT at present means that Africa could play a significant role in 

shaping its development. 

The rapid deployment of IoT technologies has meant that research into their 

implications for cities has lagged behind, especially in relation to informal urban 

settlements – areas home to 1 billion people (World Health Organisation, 2010). 

Despite a handful of critical studies examining IoT deployments within informal 

settlements, including Luqman and Van Belle (2017) on IoT fire-detection technology 

within Cape Town and Devraj’s (2018) work on solar -powered Water ‘ATM’ 

dispensers in India, these efforts are few and far between. Despite the 

aforementioned IoT examples operating in Africa and within informal settlements, 

reliable figures concerning the exact number of IoT initiatives and critical 

examinations of IoT deployment within informal urban settings are rare. This is a 

major research gap. 
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Globally, the number of urban dwellers will have increased from less than 1 bill ion in 

1950 to 9 billion people in 2100, with cities of the Global South being major areas of 

population growth. In Africa, over 60% of the urban population lives in informal 

settlements (UN Habitat, 2015), and five of the world’s seven largest cities in 2100 

are predicted to be in Africa (Hoornweg and Pope, 2017). The global challenge of 

developing the world’s poorer population while limiting carbon emissions will be won 

or lost in cities characterised by informal urban development (UN Habitat, 2015) and 

it is here that IoT can play a crucial role. Growing penetration of IoT technologies into 

the lives of urban residents has created a pressing need to better understand how 

these technologies operate across all urban profiles, including informal settlements 

and their associated infrastructure. 

This paper addresses this research gap, showing how IoT technology is deployed in 

informal urban settings in Nairobi, Kenya, to enhance the reliability of water and 

energy infrastructures. The following section argues that IoT’s ability to reconfigure 

trust within the highly fragmented infrastructures of informal settlements is of 

significant value to local communities and notably differs from the deployment of 

these devices within more formal infrastructures. The paper then describes how these 

arguments are developed through three case studies of IoT-enabled infrastructures 

within informal settlements in Nairobi, outlining the research approach, methods and 

data collection. The paper draws on key work around smart urbanism in the Global 

South to justify and frame our use of grounded accounts of IoT in practice (Datta, 

2018; Guma, 2019; Guma et al., 2019). The substantive results are organised into 

two sections. The first presents the paper’s central f inding that IoT reconfigures trust 

within the infrastructures of informal settlements, while the second outlines the key 

implications of this for people’s lives, namely that of managing infrastructural 

uncertainty. The conclusion reflects upon the transferability of the results and 

considers these insights in relation to theoretical framings of infrastructures of 

informal areas and within global understandings of the Smart City and IoT. 

 

4.4. IoT, informal infrastructures and everyday urbanism 

Within cities of the Global North, IoT technologies promise a ‘plug-in’ approach, 

whereby devices are seamlessly integrated within pre-existing and operating 

infrastructures, such as the smart metering of electricity in UK homes (Darby, 2010). 

For many cities in the Global North, IoT is a key component in urban visions for 

creating smarter cities and within smart urbanism (Zanella et al., 2014). A classic 

criticism of smart city initiatives in the Global North, however, concerns the lack of 

grassroots engagement with these technologies, thereby resulting in the majority of 

the benefits accruing to those with greater power and, consequently, the greatest 

influence on how devices are deployed (Kitchin, 2014). Echoing the concerns of smart 

city critics more broadly, Graham and Haarstad (2014; referencing Lianos and 

Douglas, 2000) suggest that so far the IoT has been predominantly ‘driven by the 

needs of large corporations that stand to benefit greatly from the foresight and 

predictability afforded’ (Graham and Haarstad, 2014: 6). 
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Furthermore, Hollands (2008) notes, a ‘key element of the smart city is the utilization 

of networked infrastructures undergirded by ICT’s’. This focus on network 

infrastructures is at the heart of smart city visions for developed cities and is 

increasingly part of broader visions of modernity for cities in the South (Graham and 

Marvin, 2002). 

The smartening of cities in the Global South, whether through greenfield projects such 

as Konza Tech City in Kenya and Eko Atlantic in Nigeria, or through smart urbanism 

in existing cities such as Nairobi (Guma, 2019), is enabling these urban areas to 

become nodes within worldwide circulations of data, information and capital 

(Easterling, 2014). Work by Odendaal (2015) on South Africa, Watson (2015) on 

Africa and India, and Backhouse on East Africa (2015) has examined how smart city 

visions are taking shape within these areas. Further work on India by Datta (2018, 

2019) has looked at the 100 Smart Cities project and explores how this focus 

reframes discussions around citizenship. In Malaysia, Bunnell (2015) identif ies that, 

by enabling smart city projects, the Malaysian government and investors may create 

unexpected and potentially unwanted opportunities for reconfiguring citizenship. 

Despite these various efforts towards understanding the smart city and smart 

urbanism in the Global South, however, conditions of informality have yet to be 

examined in depth. Most notably, there has been little consideration of how key 

components of the smart city, such as IoT, are embedded within infrastructures of 

informal urban settlements. 

Many of the aforementioned smart city plans in Africa reinforce the desirability of 

connected, homogenous infrastructures in order for cities to compete in the global 

economy (Harvey, 1989). This ICT-enabled ‘modern infrastructural ideal’ (Graham 

and Marvin, 2002), however, has little resonance with the infrastructural conditions of 

informal urban areas of the Global South. For these areas, infrastructural 

configurations can be splintered, fragmented, underfunded and suffer from legacies 

of inadequate colonial decision-making and planning (Silver, 2015). Significant 

populations of these areas rely on self -provisioned infrastructures that are separate 

from those provided by either state or corporate actors. These infrastructures often 

comprise various arrangements of multiple formal and informal services (Lawhon et 

al., 2018). The lack of engagement of dominant smart city visions with the 

infrastructural conditions associated with urban informal settlements replicates an 

unhelpful bias against informality. In understanding the everyday conditions of 

informal settlements, recent efforts have placed front and centre the human 

component and everyday lives that both shape and are shaped by the city (Myers, 

2011). Examining everyday processes of informal urban areas and their associated 

infrastructure allows greater understanding around how informality shapes lives 

(Lawhon et al., 2014). This focus on everyday urbanism informs the use of case 

studies to capture the deployment and implications of IoT in practice and is outlined 

in the next section. 
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4.5. IoT in Nairobi 

This paper has two aims: (1) to investigate how IoT technologies are being inserted 

within the infrastructures of informal urban settlements; and (2) to understand the 

implications of these applications for people’s lived existence. This section briefly 

describes and justif ies how these aims were translated into research design.  

With the introduction of fibre optic cabling, supportive government policy, the 

emergence of M-Pesa as a mobile payment service and attractive financial markets, 

Kenya has become a leading site for ICT development in recent years (Graham and 

Mann, 2013). In addition, innovation hubs such as iHub have become key sites 

fostering local and international start-ups and businesses in the country (Friederici, 

2016). This amalgamation of factors has resulted in Nairobi becoming an attractive 

site for capital investment in relation to the smart city, whether related to  Konza Tech 

City being built 64 km south of Nairobi or within the smartening of Nairobi itself 

(Mwaniki, 2017). Recent work by Guma (2019) and Guma et al. (2019) has further 

explored how ICT-led urbanism in the city is reflective of market-led efforts to connect 

the urban poor to financial circulations and, in the case of a low-income 

neighbourhood, Soweto-Kayole, how ICT deployments are often reconfigured by 

local communities to better align with their needs. Despite these efforts, the pace and 

frequency of ICT and smart-technology-led deployments in Nairobi mean that further 

examination is urgently needed to match this reality. 

For Nairobi, colonial legacies have resulted in fragmented and splintered 

infrastructures which see wealthy areas such as Karen serviced by efficient and 

reliable services whilst low-income and informal areas such as Mathare and Kibera 

are left with little or no infrastructural provision (Myers, 2011). As Guma (2019) 

identif ies, key service providers such as the Nairobi Water and Sewerage Company 

(NWSC) and the Kenya Power and Lighting Company (KPLC) equally represent both 

the colonial legacies of bureaucracy and administration, which results in slow and 

inefficient services, and the current drive towards neoliberal urban governance, 

whereby infrastructure providers are starved of the required financial investment. In 

addition to this, NWSC and KPLC are active in, and contend with, local and national 

socio-political tensions such as with water rationing (Moraa et al., 2012) and conflicts 

around illegal electricity connections within informal settlements (De Bercegol and 

Monstadt, 2018). These various challenges and pressures see Nairobi’s formal water 

and electricity networks suffering from a myriad of issues, resulting in inefficiencies, 

blackouts and rationing, whilst simultaneously trying to serve a growing urban 

population. Informal water and energy networks in Nairobi remain highly fragmented, 

involving a range of actors and often being costly for the end user, both financially as 

well as regards to their health. Water networks are often unreliable, suffering from a 

range of supply issues such as low water pressure, water contamination, frequent 

leaks and bursts, with cartels often controlling key points in these networks (von 

Heland et al., 2015). For Nairobi’s informal energy networks, kerosene and charcoal 

are the predominant fuel choices, both of which come with a range of financial, health 

and environmental issues (Njenga et al., 2009). 

The integration of ICT into Kenya’s infrastructural networks, beginning in 1995 for 

KPLC and 2002 for NWSC (Guma, 2019), sought to utilise the country’s growing 
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telecoms industry to increase efficiencies and service delivery within cities such as 

Nairobi. For those not connected to infrastructural networks, however, such as those 

within informal settlements, ICTs became a tool by which these major infrastructure 

providers endeavoured to engage with low-income residents (Mwaniki, 2017) and to 

attempt to drive out illegal and ad hoc services (Guma, 2019). Inherently tied to 

government and political direction, the investment for these major infrastructure-

provider ICT projects aligns with national visions, such as Nairobi’s Integrated Urban 

Development Master Plan and Kenya’s 2030 vision (Guma, 2019).  

Within Nairobi’s informal settlements, various combinations of actors are involved in 

the reconfiguring of infrastructures through ICT and IoT innovations, including NGOs, 

politicians and foreign contractors. As Martin (2016) notes, however, many of these 

projects are incomplete or unsuccessful. Despite this there are numerous cases of 

ICT and IoT deployment within Nairobi which warrant examination, many of which are 

more than a single fleeting project and involve a range of actors. 

In order to address the research aims, we employed a case study approach to enable 

in-depth research of IoT technologies and their impacts. The examination involved a 

full set of stakeholders including users, providers, operators, government and 

technology suppliers to understand how IoT was designed and deployed within 

various local contexts. Multiple case studies were selected over a single study period 

to provide a cross-sectional snapshot of IoT interventions within infrastructures of 

informal settlements as opposed to a longitudinal examination of one technology 

deployment (Stake, 1995). The case studies were selected by conducting a survey of 

wider IoT infrastructural interventions within informal settlements of Nairobi, 

conducted through web searches and meetings with developers, start-ups and other 

stakeholders. Final case study selection took into account the ability and willingness 

of companies to work with the researcher to allow access to sites, users and data.  

Three IoT technologies form the focus of the research. The first is an LPG smart 

metering device created by PayGo Energy, which enables users in informal areas to 

access LPG via pay-as-you-go technology and a smart meter. Through this device, 

users can move away from dangerous and inefficient fuels such as charcoal and 

kerosene and infrastructure providers have greater control around their supply 

network. This private company works closely with local LPG networks and, although 

separate from state projects, has gained government attention as a solution for LPG 

issues in informal settlements. Whilst operating in various informal settlements across 

Nairobi, the stakeholder engagement and site visits for this research primarily took 

place within Mukru Kwa Njenga. 

The second IoT device, a sensor and monitoring device created by MobiTech 

Solutions, allows users, businesses and utilities to remotely monitor and manage 

water tanks. The device has been deployed in various informal settlements in Nairobi 

but during the research there was a predominant focus on working with community 

water points in Kibera. The devices were installed on tanks made from thick plastic 

and placed above buildings, replacing manual calculations that were diff icult and 

prone to human error. This private company, started by a Kenyan engineer, attempted 

to solve the chronic water issues faced by informal settlements and water point 

operators around water supply, tracking and management. 
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The third IoT device, a water ATM, is a smart metering technology developed by 

Dutch engineering firm Grundfos that enables water providers to track water 

consumption and collect revenue. With issues relating to a lack of accountability, 

return on investment and corruption, many water points often operate with low 

returns. Through the water ATM, however, users are given a smart card that allows 

them to top up and know they are accessing a safe and reliable water source, with 

the correct revenues being digitally accounted for. The ATM is usually operated by 

one or two operatives and has been rolled out across various informal settlements in 

Nairobi, including Mathare and Athi River. The roll-out of the water ATM has been 

supported by NWSC within Nairobi, who have looked to incorporate it within 

municipal-controlled water points in informal settlements. Table 1 gives further detail 

about the three case studies. 

Table 1: Case Study Characteristics 

Case # 1 2 3 

Name PayGo Energy Smart 

Meter 

Mobi-Water System 

(MobiTech Solutions) 

Grundfos Lifelink AQTap 

System LPG cylinder smart 

metering device and 

distribution platform 

Real-time water tank 

smart meter and platform 

Automated water distribution 

point (ATM) with integrated, 

secure payment facility and 

GSM monitoring system 

Users Consumers looking to 

access safe and clean 

cooking fuels  

Local water point owners, 

operators and consumers  

Local water point owners, 

operators and consumers  

Issue LPG out of  price range 

for many low-income 

households, resulting in 

use of  dirty and 

dangerous fuels such as 

kerosene and charcoal. 

Investors don’t see 

returns so don’t invest in 

inf rastructure with 

danger of  illegally 

ref illed cylinders 

exploding 

 

 

Water point owners and 

operators unable to 

accurately measure 

levels in storage tanks. 

This mismanagement led 

to inf requent service, 

reduced income and 

disruption for users.  

Water providers facing 

increasing demand for 

delivery, high, non-revenue-

water losses f rom thef t, lack 

of  finance, reduced coverage, 

resulting in low quality and 

inf requent service for users. 
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Company Private, small energy 

distribution company 

Private Small scale water 

technology service  

Large, international private 

water engineering 

organisation 

Operation Company provides the 

smart metering device 

and cookstove and, in 

partnership with local 

LPG suppliers, 

distributes cylinders to 

homes. SMS top-up 

service is provided to 

allow users to control 

their LPG usage.  

Company installs 

devices, runs dashboard 

for water provider, sends 

data visualisations to 

water provider’s phone 

and send SMS updates to 

users. 

AQTap system provides 

water service operator with a 

smart management system to 

monitor each water tapping 

point and its operations. 

Smart cards/ tokens allow 

users to load prepayment. 

Providers and operators have 

the correct revenue, allowing 

investment into water points 

and users having a higher 

quality product. Project 

worked with NWSC in 

identifying areas of  

deployment.  

Resource  LPG Water Water 

Associated 

infrastructu

re 

Cylinder ref illing depots 

Distribution centres 

Tankers 

Gas storage 

Nairobi Water 

Water Cartels 

Water Tanks 

Nairobi Water 

Boreholes 

Water Tanks 

Scale 280 units 33 devices 40 AQTap points (Kenya) 

Period of 

operation 

2.5 years 3 years 10 years 

No. of users 1200 10225 100,000 

Impact Increased stove 

ef f iciency, reduced co2 

emissions, fewer 

respiratory problems.  

30% increased water 

consistency  

Provides viable operation 

models for water service 

operators 
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Data are drawn from 44 interviews with stakeholders and one user focus group, 

during October 2017–May 2018, and include service users (28), service providers 

and managers (8), developers (3), government officials (2), experts (2) and activists 

(1), with full anonymity offered. Interviews and focus groups have been labelled with 

codes that correspond to their relevant transcript (e.g. F4). Once the data were 

collected, transcripts and notes were coded according to the key dimensions 

highlighted from the review of urban IoT and informal infrastructure outlined in the 

previous sections (Strauss and Corbin, 1990). 

 

4.6. Reconfiguring trust 

A chronic problem in Kenyan informal settlements, as well as globally, is the lack of 

reliability users experience in the infrastructures on which they depend (Mireri, 2006). 

During the fieldwork, the notion of unreliability appeared regularly during discussions 

with stakeholders. When examining the consequences of the IoT technologies, 

however, the concept of trust emerged and, more specifically, how it was being 

reconfigured within the various infrastructures through the implementation and use of 

the IoT devices. This reconfiguration of trust took place through the establishment of 

associated themes of credibility, reliability and intimacy (Maister et al., 2000). 

Many users indicated that, prior to IoT installation, the infrastructures they engaged 

with were possibly not being provided honestly, it was not a safe product, the price 

might have been artif icially manipulated or they were being offered an inferior product. 

For example, water trucks supplying water points ‘would pump [smaller] amounts of 

water because I would not climb up there to confirm if it is full or not’ (FM4), or the 

gas tank ‘could explode, other times it could leak’ (F3). With cartels and other illegal 

activities often operating infrastructures, users suggested that a lack of care from 

these groups caused further infrastructural issues. With the installation of the IoT 

devices within these infrastructures users felt that they were being treated fairly by a 

credible piece of technology. For a majority of the users, this credibility was often 

denoted by knowing the device was honest in terms of its price, as seen by one LPG 

user who commented that ‘I trust it [the smart system] … I do not think that it will steal 

from me’ (F2). Because the service felt modern for many users, they associated this 

with a belief that they were dealing with professional organisations, although a couple 

of users noted the device had not met their expectations (F3). 

The IoT devices provide credibility through assurances between users and providers 

in both directions. In interviews with infrastructure providers, their concerns often 

related to users not paying on time, damaging equipment or selling parts of 

infrastructure into informal circles. In this case, the user was positioned as being not 

entirely credible. Through the IoT device, infrastructure providers were afforded 

greater honesty from the users, enabling them to better plan for the future. As one 

IoT technology developer and infrastructure provider noted, ‘we would be getting 

done over with old and bad cylinders; the device means that we know they will [now] 

be returned’ (M7), thereby reducing their overheads for repairing cylinders or buying 

new ones. Credibility however, while often attributed to the IoT sensor itself, was not 

purely a digital effect. One community representative (J3) suggested that local 
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technology developers working around IoT have attempted to better understand the 

complexities of local infrastructures and now work at a smaller scale and slower pace, 

attempting to form deeper connections with local communities. They further indicated 

that this ‘new group’ of technology developers were learning from mistakes of the 

past, such as previous organisations whose staff did ‘not speak the same language 

on issues pertaining to the services offered or issues raised’ (J3). In doing so, 

appropriate levels of engagement around IoT helped foster greater credibility 

between users and infrastructure providers. 

The second component of this reconfiguration of trust was reliability, which appeared 

when discussing the consequences of installing IoT devices. For many users, the IoT 

device acted as something which could improve reliability in them being able to 

access the infrastructural service. Users noted that the IoT technology, as well as 

offering reliability through its design and capabilities, also gave a sense that any 

infrastructure provider employing such a device must be a company of greater 

reliability. As one user suggested (F1), through the IoT device they were able to 

remotely check their gas level, have faith that if ordering more they ‘know that it will 

be delivered for when I get home’ and that they knew that ‘there will be someone 

(from the company) there within the hour’. This sentiment about relying on the device, 

the infrastructure and the provider to carry out their respective roles was reflected by 

many other users. Some users also believed that the computer-based system meant 

that the company would not mislead them and they could check up if anything was 

an issue, with one user commenting that they ‘trust the digital system because the 

systems are computer based and you can always do a follow up in case of anything’ 

(J4). Inaccuracies appeared to be no one’s fault because the system was digital, 

every transaction would have been logged and could be rechecked. A major 

implication of this improved reliability was that the IoT devices were noted as helping 

alleviate infrastructural stresses and strains faced by users in informal settlements 

and eliminating ‘worry and anxiety’ (F4). 

The final component of how IoT reconfigured trust that emerged during the research 

was that of intimacy. Within informal settlements, lack of governmental oversight and 

investment results in an increase in the frequency of human connections required to 

provide infrastructural services. For example, small-scale gas retailers and water 

providers operate closely within community groups and form a central cog within the 

daily operations of these infrastructures that supply informal settlements. Users of the 

IoT-enabled infrastructures identif ied how IoT technologies and their associated 

modern imaginaries helped forge new personal connections and forms of intimacy 

within the infrastructural system. As users noted, the staff of the infrastructure 

provider ‘do their work well and are respectful’ (F2) and the IoT company are ‘not 

impatient when teaching about technology … [and] they are polite and talk gently’ 

(F7). These, and many other users, regularly noted that through this new technology 

the users had grown close to an infrastructure provider. 

During interviews with other non-user stakeholders, the idea of intimacy emerged as 

integral to the infrastructural stories of Nairobi and its citizens. One Kenyan academic 

in urban planning identif ied that many Kenyans both want and need the human 

element of infrastructure in addition to any digital component. He suggested that there 

was a particular Kenyan sensibility that saw both an acceptance of technology but a 
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reluctance to rely on it entirely, noting that his father would not feel he had complained 

properly if it was done online, which required him to visit the infrastructure provider’s 

head office directly in order to air his grievance. The IoT developers interviewed 

understood the importance of human interaction and had specifically incorporated it 

within their technology design. An extreme but very important extension of this 

sensitivity to local context involved the imperative to design with cartels in mind. As 

one developer noted, cartels rarely care about the end users so, to overcome this, 

they needed to make systems that built in intimacy and trust to ensure the cartels 

could not render them obsolete (M20). For another IoT developer working within 

informal water infrastructure, they identified that developers ‘don’t just give and leave 

the part [technology] with them’ but they make sure that they train them how to 

operate it, collect funds and repair it (M36). 

The infrastructures of informal settlements in Nairobi face multiple challenges, 

including a lack of regulation, fluctuating resource supply, cartels, infrequent service 

and low safety standards. These challenges result in infrastructural networks 

suffering disconnects between users, providers, the physical infrastructure and the 

resources, and a breakdown in trust. The findings here present how components of 

trust (reliability, credibility, intimacy) can be established or strengthened though IoT 

technologies, by reconfiguring connections between users, providers, infrastructure 

and resources. For users, the IoT technology meant that they were able to trust that 

providers were operating honestly, that the infrastructure would be operating when 

they needed it and that the resource would be safe and fairly priced. For infrastructure 

providers, the IoT technology gave them trust that the infrastructure would operate 

when required, users would pay on time, the infrastructure could not be stolen and 

the resource could not be extracted illegally. In this sense the digital components of 

IoT enhanced infrastructural trust (Mattila and Seppälä, 2016) by creating 

transparency in the material, economic and social exchanges. 

 

4.7. The implications of IoT for everyday lives 

When examining the implications of IoT for the everyday lives of users within informal 

settlements, it became apparent that these technologies smoothed out the 

fluctuations associated with accessing resources. For many users, the IoT 

technologies helped users to better plan daily activities by offering certainty in terms 

of accessing infrastructure, delivery of fuel/water and being aware of infrastructural 

disruptions, thus saving them valuable time. In terms of basic tasks, users noted that 

through the IoT device they knew the ‘preparation of my evening meal will be quicker 

… it saves me time’ (F4) and that the technology could fit into their everyday lives. 

One user noted: ‘this technology is very beneficial and aptly fits to my lifestyle in that 

it saves me a lot of time’ (F3). The different ways these devices were able to save 

users time was often related to the collection/delivery of LPG or water. As one user 

noted, ‘initially I had to go out, f ind the gas, get someone to carry it and this would 

cost me more money and time’ (J3). Prior to the IoT device installation, users of gas 

infrastructure required significant investments of their time and financial payments to 

coordinate the delivery of the gas. Major disruption when any part of this 

infrastructural chain broke down could also be mitigated by IoT, as one user of the 
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LPG IoT device noted: ‘Sometimes you … come home late at night only to find all 

[shops selling fuel] closed and neither charcoal nor kerosene available. On that day 

you’ll sleep hungry … but not with [IoT device], you can cook anytime’ (J3).  

Other users suggested that through the devices they were able to understand where 

other associated infrastructural issues were occurring in the local area: ‘It [smart water 

metering device] has also enabled me to know whenever there is a power blackout in 

the village because the device goes off … th is helps in planning what time and how 

to get home’ (FM13). 

While this alternative use of the IoT device was not identif ied by other users, IoT 

developers indicated that there was growth in interest around how these technologies 

could perform multiple infrastructural roles. 

Ultimately, the IoT devices provided users certainty in otherwise highly uncertain 

lives. One user of the LPG IoT device suggested that ‘with the monitor it is possible 

to pay and plan accordingly’ (J3). Taking charge of the payment process for 

infrastructure allowed them to have clearer patterns in terms of their longer -term 

financial processes. For non-user stakeholders, the way in which IoT technologies 

could or should smooth out the everyday fluctuations within informal settlements also 

appeared frequently during discussions. As one IoT developer commented, in order 

for water point owners to be able to get their money back correctly, technology 

developers ‘needed to use IoT to make sure that every KES [Kenyan Shilling] is 

accountable’ (M3). For operators, the lack of certainty around revenue collection 

hampered their business operations. Delays could cause issues in the operation of 

smaller businesses that often existed on small f inancial margins. An IoT developer 

working with a large infrastructure provider suggested that whilst they could design 

an easier revenue collection process for operators, they would need to consider how 

the infrastructure would work on the ground; as ‘prior to the installation, water 

management was done by manual measurement in the area … [which] meant that 

bribes were often handed out’ (M29). One counterpoint raised by a handful of users 

and non-user stakeholders was the concern that the fluctuations solved by IoT 

technologies are inefficiencies that generate local employment. One user of an IoT 

fuel device noted they were worried what impact this technology may have on their 

local supplier (M7), suggesting that despite some of their delivery and quality issues, 

there had been personal connections built with local small-scale fuel sellers and that 

these new technologies might result in eliminating work for others. 

When talking with residents, IoT users, local activists, community leaders and other 

stakeholders, it became apparent that small margins in personal economies 

significantly impacted the everyday lives of many within the informal settlements. In 

addition, delays in collecting water/fuel often resulted in reduced time for other home 

duties such as cooking. With the installation of the IoT technologies, however, whilst 

f luctuations in service and challenges from theft/corruption could not be eliminated 

entirely, the various devices gave users, operators and other stakeholders greater 

ability to use, operate and manage these infrastructures and plan their act ivities 

accordingly. For three-quarters of users who ran small businesses, the IoT devices 

enabled an extension of their working hours in their various enterprises, thereby 

increasing their incomes. For example, one user of the LPG IoT device commented 
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that ‘I close my business between 9.30 and 10 pm. This has increased my income. 

[Before the device] I would get home at 8 pm’ (F6) and another user of the same 

device noted that ‘it has helped me extend my working hours as I do not worry about 

getting home early to cook. This has led to increased business’ (F10). 

A large proportion of those interviewed were women running their own shop/stall or 

cooking operation either within the informal settlements or adjacent to popular 

transport corridors. For some, the IoT device was directly used in their business. In 

the case of the LPG smart metering device, one user suggested ‘I like it and my 

customers too count on its efficiency and speed in preparing food’ (F9). For others, 

IoT devices were directly reducing theft and potential losses from untrustworthy 

employees or suppliers, as one user of the water monitoring IoT technology noted, 

‘This will boost accountability, minimise losses due to deceitful employees and 

enables the project to scale up’ (FR5). Similarly, another user of the water monitoring 

technology commented that ‘Now I do not have to get someone to climb up and check 

water levels … or deal with water suppliers who lie about the amount of water they 

have refilled in my tank’ (FM13). 

Increased personal economies for IoT users have also come through the efficiencies 

enabled by the IoT device itself. For operators of a local water point the water ATM 

IoT device has ‘reduced water wastage especially during tank refills where water 

would overflow all night’ (FR5). The result of installing the water metering IoT 

technology was noted by one operator who commented that now ‘we make higher 

profits due to better monitoring and management of our water resources’ (FC13). 

More broadly, representatives of the water industry suggested that while IoT devices 

could solve problems in informal areas in the short term, there needed to be greater 

development of devices that could understand and manage the wider levels and 

reserves of natural resources. They further added that the real gap in data 

management concerns boreholes and water levels in Nairobi and that IoT 

technologies could help by creating more real-time and transparent data (M8). One 

government official recognised that IoT devices may play a role in alleviating poverty 

in informal areas but noted that while ‘informality is an easy political win [there are 

many politicians] who are completely blind to it’ (M37). There is clearly potential for 

data from IoT devices to support better resource management across urban areas.  

 

4.8. Conclusions: Towards a research agenda for the ‘Informal 

IoT’ 

This paper has critically examined how IoT devices are being integrated within the 

infrastructures of informal settlements and their implications. In doing so it has 

addressed a major research gap around IoT and conditions of urban informality. The 

findings suggest that IoT technologies can reconfigure trust within the infrastructures 

of Nairobi’s informal settlements. By re-establishing trust, IoT smooths the everyday 

fluctuations that af fect the infrastructures of these areas and increase their reliability, 

which, in turn, creates considerable benefits for both users and providers, such as 

increased personal economies. While the validity of these findings requires studies in 

other cities with different infrastructural legacies and contexts, and IoT deployments 
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led by not-for-profit or government bodies, it seems appropriate to reflect on the 

implications of these findings for wider thinking around smart cities, infrastructure and 

urban informality by way of conclusion. 

In recent years concerted efforts have been made towards understanding and 

theorising the complexities and variegated urbanisms that characterise cities of the 

Global South (McFarlane, 2010; Robinson, 2013). Inspired by postcolonial and post-

structural critiques of knowledge and practice, this work has examined the flows of 

power within infrastructures shaping African Cities (Lawhon et al., 2014) and how 

dynamic and heterogeneous infrastructures mediate informal urban areas in  distinct 

ways (Myers, 2011). Lawhon et al. (2018), drawing from broader work around informal 

infrastructures of the Global South (Gandy, 2006a; McFarlane and Silver, 2017), 

employed the term Heterogeneous Infrastructural Configurations (HICs) to denote the 

‘diversity of infrastructural configurations’ within informal settlements that blur 

distinctions between formal and informal operations. 

The IoT technologies within Nairobi’s informal settlements discussed in this paper did 

not formalise the infrastructures in which they were embedded, with these 

configurations still relying on informal networks and associated connections to 

operate, but instead increased the fluidity between formal and informal infrastructures 

through the availability of real-time data. In this sense they resemble HICs, 

reconnecting socio-technical components and reconfiguring flows of power and 

resources both within informal settlements and across an increasingly digitally 

mediated Nairobi. The findings suggest that relational approaches to understanding 

infrastructure such as HICs could be fruitfully applied to understand IoT interventions, 

which reconfigure social, political and cultural dynamics. This is an important and new 

task, as the reconfiguration potential of IoT exceeds that of  ICT technologies more 

broadly in important ways. Most importantly, IoT connects broader ranges of physical 

infrastructures and enables closer relations between users and resources through 

real-time information exchange and remotely control devices. 

For cities around the globe enacting smart city plans, policies and programmes, a 

common critique is that these actions are underpinned by market-led, neoliberal 

logics, resulting in a further splintering of urban infrastructure (Datta, 2015a). IoT, a 

central component of smart urbanism, is often envisaged as something which can be 

seamlessly plugged into existing networked infrastructures within these ever-

smartening cities. As this paper identif ies, however, the infrastructural realities of 

informal settlements diverge from this ‘modern infrastructural ideal’ of homogenous, 

networked infrastructures (Graham and Marvin, 2002). As scholars examining smart 

cities in the Global South such as Datta (2015b, 2018), Odendaal (2016) and Guma 

(2019) have shown, however, processes of smart urbanism are increasingly present 

within low-income and informal urban settlements, often led by top-down attempts to 

simultaneously control and provide infrastructure and to open up new markets for 

capital. The findings here contribute to this literature by showing how alternative 

realities of smart urbanism are emerging within the infrastructures of informal 

settlements. As demonstrated in this case of three IoT technologies within Nairobi’s 

informal settlements, heterogeneity can work with, rather than against, the needs of 

residents. With a global trend towards decentralised, renewable infrastructures in 

smart city visions (Maier and Narodoslawsky, 2014), informal settlements, with their 
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history of overlapping and dynamic infrastructures, appear an ideal site for South–

North knowledge exchange concerning heterogeneity in future smart cities.  

When deployed within the infrastructures of Nairobi’s informal settlements, the IoT 

technologies examined positively reconfigured social elements associated with 

infrastructure, generating trust. Although trust was not missing within informal 

settlements by any means, the technologies examined were able to repair some of 

the fractured relationships between infrastructure, its operators and users. Either 

directly, or via the imaginaries associated with them, the technologies mediated a 

two-way flow of credibility, reliability and aspects of intimacy between actors within 

these infrastructures of Nairobi’s informal settlements. Through this reconfiguration 

of relations, trust was established between users, infrastructure operators and 

infrastructure providers, as well as in the infrastructures themselves and the 

resources they supply. 

The findings here provide insights around the social dimensions of trust and the ways 

in which IoT can help re-establish this within fractured networks. Given their role in 

supplying continuous streams of data that change the way cyber-physical systems 

engage with each other, more work is required to understand how IoT produces digital 

and non-digital forms of trust (Chen et al., 2016). For residents within informal urban 

settlements such as Mathare, Mukuru kwa Njenga and Kibera in Nairobi, 

infrastructural uncertainty is an ever-present element of daily life (Zeiderman et al., 

2015). The IoT technologies examined here complemented existing strategies 

already used by communities to manage infrastructural uncertainties. Through 

access to real-time data, users assumed greater control over daily routines and were 

able to increase their own personal economies by extending working hours. 

Uncertainty is at ‘the heart of what urbanism is, as urbanism is always a work in 

progress rather than a destination’ (Simone, 2013: 245). The findings here would 

indicate that this theoretical work can be expanded by not considering uncertainty 

solely as something to either be eradicated by government or exploited by 

corporations, but as something that can be digitally mediated in productive ways by 

citizens. 

Our findings suggest that ‘radically rethinking’ African Urban Theory (Myers, 2017) to 

incorporate those on the social and economic margins of cities may find space to 

engage with urban IoT. In the context of the much-heralded Fourth Industrial 

Revolution, of which IoT forms a part, these findings suggest that in the case of 

Nairobi’s informal settlements such technologies can reconfigure trust and reduce 

uncertainty within HICs. With research on smart cities and smart urbanism within the 

Global South growing, and a broader impetus to address urban challenges within 

framings of sustainable development, the time seems right to develop a fuller 

research agenda around IoT and urban informality. Furthermore, as cities in the 

Global North increasingly look towards decentralised visions of urban infrastructure 

they potentially have much to learn from informal settlements. In this context such a 

research agenda has genuinely global relevance. 
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5.2. Abstract 

Across the Global South, digital platforms have become increasingly present in the 

understanding, management, and operation of cities and their infrastructures. In 

examining the impact of digital platforms within urban infrastructures however, the 

experiences of cities of the South, and especially informal urban settlements, remains 

significantly overlooked when considering the impact of digital technologies on urban 

processes. With digital technologies and associated platforms becoming ever more 

embedded within the infrastructures of informal settlements, the lack in understanding 

around the consequences of this insertion for one billion of the world's population, is 

something that urgently needs to be addressed. This paper attends to this deficit by 

examining how digital platforms are being designed in respect of the socio-technical 

setting of informal settlement infrastructures and the consequences for infrastructural 

change of their insertion. Focussing on four digital platforms deployed within Nairobi's 

water and energy infrastructures, the paper builds on the theoretical efforts of urban 

political ecology framing infrastructures as power laden socio-environmental 

constructions and goes on to utilize the analytical entry points provided by the notion 

of heterogeneous infrastructural configurations. The findings identify that, although 

the digital platforms developed new avenues for infrastructural change via 

opportunities for utilizing data as leverage, they also created fixities for users that 

caused disjuncture with the natural f luidity that existed within the informal settlements. 

The findings note that not only do digital platforms reconfigure dynamics of power 

within heterogeneous infrastructural configurations but they also create opportunities 

for learning around the intersection of infrastructural f lexibility and digital f ixities.  

 

5.3. Introduction 

For the one billion of the world's population residing within informal settlements (UN 

Habitat, 2016), their infrastructural reality is one that often differs markedly from the 

networked and uniform versions of infrastructures that most of the Global North 

experiences. In Kenya's capital Nairobi, 60% of the population live within the city's 

informal settlements which means that daily engagements with infrastructures are the 

norm rather than the exception for the city (ibid). For Nairobi and many other cities in 

the Global South, the infrastructures serving informal urban areas and their vital labor 

force are often either non-existent or suffer from a multitude of issues (World Health 

Organization and United Nations and Human Settlements Programme, 2010). With 

ongoing rates of urbanization and informal urban settlements predicted to absorb 
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large portions of the build out of urban populations (UN Habitat, 2016), understanding 

the infrastructural dynamics of these areas is key in efforts to develop sustainable 

and equitable cities in the future. 

For informal settlements, areas traditionally defined as sites of insecure land tenure 

and a lack of adherence to planning and building regulations (UN Habitat, 2003), 

uneven urban geographies, a lack of governmental oversight and inadequate 

infrastructural provision have resulted in communities within these areas establishing 

alternative arrangements of infrastructures so as to enable their survival. In 

developing alternative and often informal establishments of infrastructures, these 

communities can create infrastructures that are highly fragmented, susceptible to 

shocks, costly and potentially dangerous to human health (Simone, 2004a; 2004b). 

With increased academic attention regarding the emergence, dynamics and growth 

of informal urban settlements (Dovey and King, 2011), it emerges that although these 

areas vary in their manifestation, many share similar infrastructural challenges 

(McFarlane, 2008a). Over the last few years however, information communication 

technologies (ICTs) have increasingly been positioned as solutions that can be 

plugged into the infrastructures of informal settlements in order to solve or mitigate 

many of the challenges they face. Initiated and led by various actors such as 

governments, charities, and technology companies, cities across the Global South 

are witnessing an increasing convergence between digital and physical spheres at 

points of infrastructure (Datta, 2015, 2018). 

In recent years Nairobi has become a key node within global ICT networks and, as 

evidenced by the Nairobi Integrated Urban Development Master Plan (NIUPLAN) and 

the Nairobi Metro 2030 Vision, ICT and smart technologies are key both in improving 

the infrastructure of the city and pushing the country toward a knowledge based 

economy (Hanna, 2016; Guma, 2019). With the landing of fiber optic cabling (Waema 

and Ndung'u, 2012), the establishment of supportive open data initiatives (Ndemo, 

2015), the development of the mobile banking phenomenon M-Pesa (Jack and Suri, 

2011) and an emergence of innovation hubs across the country (Mwaniki, 2017), 

Nairobi has become a hotspot of digital innovation and implementation. Although 

academic and media attention often focuses on ICT's infrastructural implementation 

within wealthier areas of the city (Guma, 2019), advanced digital technologies such 

as those of the Internet of Things (IoT) are increasingly becoming embedded within 

informal urban settlements such as Mathare, Mukuru Kwa Njenga, and Kibera and 

the infrastructures that serve them (Guma, 2019; Chambers and Evans, forthcoming). 

As a consequence of ICTs integration within the infrastructures of Nairobi's informal 

urban settlements and against a backdrop of rapid uptake of mobile payment services 

such as m-pesa, digital platforms have begun to emerge as new points of 

engagement between citizens and infrastructures in the city. 

Traditionally, digital platforms refer to the computational and coding elements of data 

and associated networks (Gillespie, 2010), which form the visible interfaces common 

in content sharing websites and social media applications (Plantin et al., 2018). In 

addition to having broader architectural, f igurative and political implications (Gillespie, 

2010), digital platforms such as Uber, AirBnB, and Facebook have become so central 

within urban life and its processes that “their related code and content are becoming 

nearly as important as a city's bricks and mortar” (Shaw and Graham, 2017, p. 908). 
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Termed “platform urbanism,” this notion positions platforms as “new, complex multi-

stakeholder ecosystems [which] bring together private and public organizations” that 

respond to and shape the urban processes which create cities (van der Graaf and 

Ballon, 2019, p. 368). Furthermore, whilst digital platforms have been noted as 

enabling a greater understanding of urban flows, reducing costs, helping achieve 

sustainability goals, spurring innovation and accessing new markets (Esposito  De 

Falco et al., 2017), they also present challenges and tensions. As Morozov (2015) 

suggests, the reliance on digital platforms for solving urban challenges constitutes a 

push toward solutionism, whereby the integration of digital technologies solves 

singular issues, rather than engaging in broader political or societal discourses about 

what causes these challenges in the first place. Furthermore, both Morozov (2013a) 

and Hill (2014) suggest that many digital platforms represent what can be termed a 

“parasitic relationship” whereby these tools extract profit from infrastructural 

inefficiencies whilst simultaneously offering little in the way of improving these 

underlying infrastructures, and if anything, benefitting from these configurations 

remaining in this state. Ultimately, digital platforms can prey on urban challenges, but 

rather than solve these, offer ways out for those with access to technology or who are 

willing to pay. 

Despite a global proliferation of digital platforms and their integration with in numerous 

urban operations, much of the examination around these tools has tended to focus 

on their implementation within cities of the Global North, thereby overlooking their 

manifestation within the Global South (van der Graaf and Ballon, 2019). In challenging 

this deficit in understanding, work examining the proliferation of ride hailing apps in 

Africa by (Henama and Sifolo, 2017), the rise of M-health in the Global South (Akter 

and Ray, 2010) and the impacts of digital labor platforms across Africa and Asia 

(Graham et al., 2017) provides some examples of critical examination around the 

manifestation of digital platforms in these areas. Increasingly however, and as noted 

earlier in the case of Nairobi, the physical infrastructures that hold together many 

cities of the South, are becoming interwoven at various points by digital platforms, 

something that has yet to be critically examined, especially within the context of 

informal urban settlements. 

Building on theories framing infrastructure as power laden socio-material systems 

such as urban political ecology (Heynen et al., 2006; Njeru, 2006; Silver, 2015) and 

in echoing calls for situated understanding of the infrastructural realities faced by 

many in the Global South (Jaglin, 2015; Coutard and Rutherford, 2016). Lawhon et 

al. (2018) present the notion of heterogeneous infrastructural configurations (HICs) 

as an analytical tool for examining these socio-material arrangements. In doing so, 

Lawhon et al., push thinking around infrastructures to better accommodate the 

numerous visible and hidden complexities embedded within these arrangements, the 

dynamics of power they hold, their spread and diffuse geographies and the diff iculties 

in neatly distinguishing or separating infrastructural artifacts from one another. HICs 

represent the infrastructural realities of many informal settlements, noting the array of 

options available for citizens, the exchanges that differ from a traditional “system,” the 

socio-material relations between people and objects and the lack of a universal official 

observer. Drawing on empirical work of others on infrastructures of the Global South, 

the notion of HICs encompasses wider thinking of the dynamic, changing and 
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continuously reconfiguring nature of many of these infrastructures (Silver, 2014) and 

challenges the binary notion of these infrastructures existing as purely informal or 

formal configurations (Lawhon et al., 2014). This notion of infrastructural 

reconfiguration and infrastructural change is noted as both a symptom of the lack of 

capital investment within informal urban settlement and something that has enabled 

these areas to survive and adapt (Maringanti and Jonnalagadda, 2015). By being able 

to adapt to infrastructural shocks, shifts in power and resource disruptions, the 

changing, fluid nature of HICs has allowed populations relying on them, often located 

on socio-economic margins, to navigate everyday urban challenges (Thekdi and 

Chatterjee, 2019). 

The analytical lens provided by HICs, allows exploration of how infrastructures fit into 

complex “socio-political urban geographies” (Lawhon et al., 2018, p. 722) and 

provides openings for understanding the impact that infrastructural interventions can 

make in these dynamic configurations. In addition, understanding how these 

configurations play out, enables examination of the power relationships embedded 

within these socio-material constructions. When we consider the integration of ICTs 

within the infrastructures of informal settlements therefore, HICs emerges as a key 

analytical framing that enables in-depth examination around the impact of digital 

technologies within these configurations. Given the heterogeneous realities that exist 

in the infrastructural configurations of many informal settlements, it becomes evident 

that in order to understand the consequences of digital platforms within these areas, 

examination must be led by an understanding situated within local dynamics.  

In the case of Nairobi, a handful of efforts have examined the consequences of the 

digital turn for infrastructures of the city. The heterogeneous realities of Nairobi's 

informal settlement infrastructures has been well-identif ied by Wamuchiru (2017), 

who notes that in the case of the city's water infrastructures, the various water 

provisioning mechanisms involve multiple arrangements of water trucks, exposed 

pipes, illegal vendors, state powers, and numerous other artifacts and actors. Work 

by Guma (2019), identifying the dynamic, overlapping and heterogeneous 

infrastructures many in the city rely on, notes that ICT integrations being led by major 

infrastructure providers have resulted in an increasing homogenization of 

infrastructural configurations, resulting in a squeezing out of informal/illegal activities 

and a universalization of urban space (ibid, 17). In other work, Guma et al. (2019) 

identify how users of ICT interventions within the infrastructures of informal 

settlements, end up adapting, adjusting and reconfiguring these top-down efforts in 

order to better deal with the heterogeneity of current infrastructural systems. Despite 

the aforementioned efforts examining the alignment between ICT interventions and 

Nairobi's HICs, these works have predominantly focussed on digital technologies 

deployed by large infrastructure providers such as Nairobi City Water and Sewerage 

Company and Kenya Power and Lighting Company. Although an important aspect, 

this focus can tend to overlook the multiple ways in which smaller ICT operations are 

entering into this space, specifically within the dynamics of informal urban 

settlements. 

The integration of digital platforms within urban infrastructures, predominantly 

explored within cities of the Global North and formal infrastructural arrangements, is 

increasingly becoming common within informal urban settlements. As noted earlier 
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however, with the alternative infrastructural realities of informal urban settlements and 

associated networks of power, this new space of digital platform emergence needs to 

be understood from an infrastructural perspective that accommodates the dynamic, 

heterogeneous and reconfiguring nature of these socio-material arrangements. Given 

the deficit in current understanding, this paper aims to explore the consequences of 

inserting digital platforms within the HICs of informal urban settlements, examining 

the notion of change and reconfiguration present within these infrastructures. The 

paper focuses on Nairobi and draws from four case studies of digital platforms 

integrated within the infrastructures of its informal urban settlements. Through this 

examination, the paper not only provides insights around the integration of digital 

platforms in Nairobi, but also helps spur further examination for informal urban 

settlements globally. In addressing the aim of the paper, two research questions are 

posed; 

• How are digital platforms being designed and deployed with consideration to 

infrastructural change, within Nairobi's informal settlements? 

• What opportunities or constraints do digital platforms present for infrastructural 

change within Nairobi's informal settlements? 

Data collection involved one user focus group (7 persons) and forty interviews with 

relevant stakeholders, including the platform users (20), developers (4), and 

managers (4). Interviews were also held with others who worked directly on digital  

platforms in Nairobi, including employees of global development organizations (4), 

community activists (2), charity workers (1), government officials (2), and experts (3). 

The various transcripts and notes were subsequently coded and analysed (Strauss 

and Corbin, 1990). Full anonymity was offered to those taking part in the research, 

and the interviews and focus groups have been labeled with codes that correspond 

to their relevant transcript (e.g., F1). The work was undertaken during the period of 

September 2017 and May 2018, with the data collection primarily being undertaken 

by the author of this paper with the help of a Kenyan research assistant during periods 

where translation and interpretation were required. The research selected four 

platforms in order to provide enough depth to the investigation and to allow 

examination of both water and energy infrastructures. The four platforms selected 

were as follows. 

1. This digital platform was developed by a medium sized, private, for -profit company 

(10–20 persons), Paygo Energy, that used their smart technologies within LPG 

infrastructure, allowing users to top-up via mobile phones services, whilst also 

enabling the company to track and monitor gas consumption. This organization 

primarily operates within informal settlements within Nairobi, although having plans 

for expansion. The company was launched in 2016, and via financial funding from 

various capital investment firms, has been able to expand its services and 

technologies. 

2. This digital platform was developed by MobiTech Water Solutions, a private, for-

profit company (5–10 persons) that designed metering devices to be installed within 

various water infrastructures across informal settlements. These devices generated 

data, which provided information to both operators and users about water levels and 
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consumption rates. During the research, the company was primarily operating within 

Nairobi but since, has developed applications for beyond the city.  

3. This digital platform was developed by Grundfos a large, f or-profit international 

company (100+ persons), which has various operations across Africa. Through 

working with Nairobi Water & Sewerage Company (NWSC), Grundfos created water 

consumption points which could be accessed via smart card top-up system. From this 

system, a digital platform emerged which allowed operators of water points and 

managers of related water infrastructure to monitor water levels, track consumption 

and increase financial accountability. 

4. This digital platform had been created as a pilot study between the U.N, Ericsson 

and NWSC to allow the collection, analysis and sharing of data around water 

distribution. With complex arrangements for water provisions in Nairobi, this project, 

Maji Wazi, endeavored to work with local “citizen observers” to develop real-time 

devices for monitoring water flows within informal settlements and to create platforms 

that allow people's voices to be heard by key decision makers. The project had 

recently ended when this research began. 

In the following empirical sections, the paper identif ies how many of the digital 

platforms examined explicitly attempted to incorporate local knowledge and 

infrastructural realities within their design, rather than attempting to fit infrastructures 

around the digital platform. The findings also demonstrate how three of the digital 

platforms attempted to support communities in demanding infrastructural change by 

enabling groups to use the data being generated as leverage against organizations 

such as Nairobi Water and Sewerage Company in calls for infrastructural 

improvements. The paper then identif ies that, despite the best efforts of the digital 

platforms to be situated within local infrastructural realities, these digital tools create 

challenging fixities for systems based around flux and fluidity. Following on from this, 

the paper examines the findings within broader understanding around digital 

platforms and infrastructures of the Global South, noting how the heterogeneity of 

infrastructures within informal settlements acts as a fertile ground for digital platforms 

but through their insertion, these data tools can end up prising open these spaces to 

new flows of capital and potentially making these once fluid infrastructures more fixed. 

The paper concludes by identifying the contributions of these findings toward broader 

work around platform urbanism and infrastructural theories, whilst also identifying 

further research areas for consideration. 

 

5.4. Acknowledging and accommodating infrastructural 

change in digital platforms 

In answering the first research question around whether, and how digital platforms 

were being designed and deployed in consideration to the changing and reconfiguring 

nature of the infrastructures they entered, the findings indicated two dominant 

considerations; that platforms were being designed to navigate the blurred 

infrastructural binaries of informal settlements and that they were attempting to 

account for the fluid state of infrastructure. 
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5.4.1. Framing binaries 

As noted earlier, within both the literature on infrastructural realities in the global 

South (Lawhon et al., 2018) and Southern urbanism (Schindler, 2017), there is 

growing acknowledgment that analysis of urban life with the South needs to move 

away from one based on binaries such as informal/formal. If this focus remains, it is 

feared that the realities of many cities such as Nairobi will remain unaccounted for. 

During conversations with a range of stakeholders involved in the design and 

deployment of digital platforms within the infrastructures of Nairobi's informal 

settlements, it became apparent that for many, the binaries that had often dictated 

previous ICT deployments were now being less attended to. 

Many of the platform developers and managers, as well as associated stakeholders, 

often commented on what happens when digital platforms do not account for the 

blurred or perhaps non-existent binaries of everyday life within informal settlements. 

One prominent example that regularly emerged in discussions, that of BebaPay, was 

an attempt by Google and Equity Bank to create a prepayment card system that could 

replace financial transactions on Nairobi's transport systems (Githira et al., 2019). As 

others have identif ied, the failures of this platform appeared as a combination of lack 

of user uptake and design issues (Mwesigwa, 2015). Stakeholders involved with 

designing the digital platforms researched often commented that BebaPay didn't 

succeed because its creators did not understand how everyday life in Nairobi flows 

between different binaries, as opposed to being fixed to one (M37), with people 

traveling on both formal and informal forms of transport and possibly combining two 

jobs, one in a formal sector and one in the informal economy. Naturally, with citizens 

straddling these binaries, creating a digital platform that created fixed notions around 

cash storage meant that it was not in harmony with the everyday realities of 

thousands of people and hence, was bound to fail. One global development employee 

working around digital platforms commented that for many people living in Nairobi, 

their lives “are engrained with informality” (M37), meaning that when digital platforms 

are developed, they need to incorporate this mode of living that influences how most 

of the city live, further suggesting that “if you don't have the right framework in 

place…to support what [you] want technology to do, it won't work” (M37).  

Infrastructural choices available to residents within informal settlements, are often a 

dynamic spectrum rather than a fixed selection (Silver, 2014), meaning that a 

resource can often flow between alternative configurations before its final point of 

consumption. Whilst an awareness of this aspect was not always at the forefront of 

digital platform developers' minds at the start of the design process, they soon 

understood the infrastructural realities that needed to be built into their system. This 

change in thinking was evidenced by one platform developer (M29) who noted that, 

having come from Europe, they had assumed a formal/informal dynamic existed, but 

soon realized the complex relationships between these states, noting that water 

would often flow between different informal and formal configurations. The end result 

of this realization was that they then “designed the platform to be semi-formal” (M29) 

in order to accommodate this nuance. 
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Whilst infrastructural disruption can often leave urban populations in the Global North 

with few other options for accessing resources, given the requirement for officials to 

conduct repairs and the high infrastructural coupling (Hughes, 1993), the bottom-up 

nature of repairing and reconfiguring infrastructure in informal settlements means that 

the notion of something working or not is never a simple binary. Within these areas, 

components of infrastructural configurations can often break down but these can be 

repaired quickly, even if through short-term and informal processes. For the digital 

platforms investigated in this research, the infrastructures they entered into were often 

dominated by power shortages, causing tap valves to open and not shut (M2) or 

boreholes not being able to pump water due to a “lack of Phase 2 power connection” 

(F6). Therefore, the users of these platforms noted that these digital tools needed to 

operate “during the event of a power blackout, so we are still able to monitor and 

manage water at the facilities” (F8). Platforms therefore, needed to navigate this 

dynamic where small components of infrastructural configurations could fail and 

infrastructural systems were tied to each other. Whilst this interlink between 

infrastructures appeared prominent within the platform related to water, it was less so 

for the gas in terms of the LPG related platform, where instead the complex supply 

chains often dominated discussions. Despite this, for the LPG platform developers, 

they noted the demand and interlinks between different infrastructures, which meant 

that they designed platforms to complement the “different speeds at which the 

[infrastructural] cogs go” (M18), noting how these digital platforms would undoubtedly 

be used to support the work and repairing of other infrastructures. 

 

5.4.2. Understanding infrastructural fluidities 

As the literature identif ied, infrastructures within informal settlements can be seen as 

f luid constructions “given their vulnerability to physical and socio -political pressures 

but also in how they are nearly impossible to demarcate fully, given their continuous 

production, maintenance and destruction by various parts of society” (Maringanti and 

Jonnalagadda, 2015, p. 366). These notions around fluidity often appeared as a 

concern during data collection in both the minds of stakeholders associated with 

platform development and the users of these digital tools. 

As much of the literature around Southern urbanism suggests, and here focussing on 

Nairobi, the provision of resources within informal settlements is often tied to notions 

of illegality, which subsequently impacts the materiality and fluidity of infrastructures 

(Birongo and Quyen Lhe, 2005; Karekezi et al., 2008). Often, illegal activities such as 

cartels are central across large scale infrastructural configurations. As one platform 

developer noted “in order to understand the cartels, you need to understand the whole 

value chain…and vice versa” (M21), meaning that for them, their platform needed to 

navigate this aspect of illegality that would always be present. For another platform 

developer, they noted that a similar platform that was created had been able to tackle 

the monopoly that gangs had on water infrastructure control, but this was soon 

navigated by placing a gang member at the point of access of infrastructures, “so 

people would just go up and pay him” (M29) rather than use the digital platform. This 

meant that “even when this technology was implemented, the [water access] problem 

wasn't solved” (M29). As one development organization employee noted, “Policemen 
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are the bottlenecks of technology” (M19), further commenting that when designing 

platforms one must accommodate the influence of all aspects of what could constitute 

illegality, as otherwise those with power will merely muscle out any technology. Even 

when digital platforms had been created, developers identif ied challenges when 

dealing with local norms, with one platform developer noting how “conspiracy theories 

were spread by people with vested interested…they wanted to achieve different 

things to us” (M33), which meant that even after the deployment of digital platforms, 

there was a need to work with communities to dispel any misinformation. It should be 

noted that for the digital platforms working around LPG, the issue of misinformation 

was a particular problem and whilst the other three identif ied similar challenges, it 

was not at the same level that PayGo identif ied. Here, infrastructural f luidity was not 

something purely tied to material aspects or issues of supply and demand, but was 

also influenced by illegality, crime, nefarious power structures and even rumor, all of 

which the platforms needed to manage. 

This attention toward alternative components of infrastructural f luidity was also 

present in discussions about how specific demographics and patterns of movement 

influenced the design and deployment of digital platforms. Within informal 

settlements, women are often central in the fetching, transportation and engagement 

of essential infrastructures for households (Sorenson et al., 2011), meaning that any 

infrastructural changes often directly impact the daily activities of many women. Two 

of the platform developers noted this aspect as central in designing their digital 

platforms, commenting that “women, and sometimes children, form 95% of the 

queues” for water, thereby necessitating their platform to be designed with the user 

interactions of these groups in mind (M1). This platform developer also noted that 

with women often suffering from low literacy rates due to challenges with accessing 

basic education, the developer needed to design the platform so that it had a voice 

messaging option for those who were unable to read (M1). This issue around literacy 

emerged in conversations with Grundfos and PayGo platforms, but did not appear 

with the other two platforms. With women being the primary users of the platform, one 

platform developer also noted that they were the ones who needed to be consulted 

on how these digital tools aligned with local infrastructural dynamics (M18).  

Wider population movements also influenced how platform developers and 

associated stakeholders framed infrastructural f luidity. Mirroring other cities of the 

South, there is a regular migration of people between Nairobi's informal settlements 

and their rural family homes, with people often moving for religious, ceremonial, 

familial, or economic reasons (Beguy et al., 2010). For users of the digital platforms 

examined, predominantly those of the LPG platform, many expressed annoyance at 

the inability of these platforms to accommodate this pattern of movement, with one 

user noting that the platform developers needed to “make it possible for someone to 

[take] the whole…set up to the countryside too” (J7) and another user noting that, 

“people will need to [eventually] move to even better places” (J4), so these digital 

tools needed to account for this. With the emerging frustration around digital 

platforms' inability to account for the fluidity of infrastructures in terms of people's 

movement, this research posed this tension to the platform developers, with three 

subsequently identifying that whilst this was outside their remit at the moment, it was 
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something they wanted to incorporate into their digital platforms in line with future 

expansion. 

 

5.5. Opportunities and constraints offered by digital platforms 

within Nairobi's informal settlements and their infrastructures 

In answering the second research question around the opportunities or constraints 

offered by digital platforms for infrastructural change, the findings demonstrate one 

prominent opportunity in platform users being able to use data as leverage for 

infrastructural improvement. The findings also presented constraints caused by digital 

platforms in how they created infrastructural f ixities and designed out the human 

component of HICs. 

 

5.5.1. Data as leverage 

As noted earlier, the relationship between many digital platforms and urban 

infrastructures across the globe, is one that could be viewed as parasitic in its nature 

(Morozov, 2013b; Hill, 2014), due to how platforms profit from the inefficiencies or 

challenges of certain infrastructures whilst simultaneously doing little to positively 

change these configurations. Whilst this parasitic nature is evident in nearly every 

major global city, the global proliferation of Uber being an example of this, the digital 

platforms examined here presented an element of contradiction to this notion of 

parasitism by working with infrastructure users and operators to utilize the generated 

data to leverage larger infrastructure providers. 

Throughout the research, participants commented on the Kenya wide undervaluing 

of data. One expert commented that nobody sees data as a resource and that people 

didn't understand that when you give it out, it has consequences for others (M39). In 

addition, many commented that the Kenyan government's data collection efforts were 

poor, with one global development organization employee suggesting that “[the 

government] are problem solving first, but not collecting the data correctly or in the 

right framework” (M37). One expert on data management also commented that “The 

government just aren't informed enough [about data collection]… they just don't 

understand and can't make it happen in a clear process” (M39). Through a 

combination of minimal holistic societal understanding about the role of data, 

inadequate government efforts around data education and a general skepticism from 

informal settlement communities about data collection (M33), there appeared initially, 

little in the way of the communities engaging in conversations about utilizing the data 

generated from the platforms. 

Against this backdrop of data challenges however, three of the digital platforms being 

researched expressed an explicit interest in working with users and operators of 

infrastructures within informal settlements in relation to using the data generated from 

the platforms as leverage for infrastructural improvement. The developers of one 

digital platform that works with water monitoring, commented that their “aim is to make 
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the water data more available for them [users]” (M1) and that they “send graphs and 

data back to the users…[so] they can then open up dialogue with the water service 

providers” (M1). Because of this approach, the platform developers noted that NWSC 

had indicated they were able to have a more open dialogue with informal settlements 

regarding possible infrastructural changes (M1). For another platform working around 

water infrastructures, the developers commented on the importance of “teaching the 

[users] about graphs, statistics and charts…so they can download from the platform” 

(M9) and that through this approach “two communities have been able to engage with 

the city authorities by using the data as leverage….those in Mukru and Mathare” (M9). 

For the LPG platform however, whilst data was not necessarily leveraged directly by 

the users as with the other three platforms, there was interest from government 

authorities around better understanding how transitioning energy infrastructures 

could align with the needs of informal settlements. 

Water rationing is a prominent feature within Nairobi's water infrastructures (Maseno, 

2017) and, as a practice, is tied to numerous social and political dimensions across 

the city. For informal settlements, many can find water not being piped on the 

designated days or not at the flow required, often leading to road blockades and 

protests from residents of these areas (M29). One platform however, working around 

monitoring water was able to provide data about flows of water within the informal 

settlement of Mathare. Through this monitoring, the platform developers worked with 

local water operators so that the data generated can be used to demonstrate to 

NWSC that water was not being supplied and negotiate its turning on, thereby 

providing another facet of data as leverage. The developers of this platfo rm noted 

their focus on “presenting the data back to the community” (M29) as well as aiding in 

the larger infrastructural negotiations with senior stakeholders on NWSC. In addition, 

they commented that there needed to be much more “research on how best to present 

data to the [slum] community, so that is understandable and accessible,” given some 

of the challenges around data education (M29). 

 

5.5.2. Creating fixities 

For the digital platforms examined in this research, three required an aspect of time 

or financial investment from those utilizing these services for either the monitoring or 

consumption of resources. In addition, two of these platforms required users to top 

up via mobile phones in order to be able to access technologies and services, which, 

as with many other digital payment platforms, created new dynamics. For many of 

the users of the digital platforms, they commented that infrastructural decisions were 

often taken on a day-to-day and short-term basis, as opposed to longer term planning. 

Whilst this is not to say all decisions were taken in this matter, the data demonstrated 

how infrastructural decisions are related to the small temporal and financial margins 

which many navigate on a daily basis within informal settlements. This sentiment was 

ref lected by one expert on urban planning in Nairobi who noted that “people in 

informal areas are daily planners…they plan [their infrastructure choices] for that day” 

(M26). 
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For the digital platforms that entered into these complex infrastructural dynamics of 

informal settlements, it meant they created fixities for users, either through financial 

top ups or through a social connection around trust (Chambers and Evans, 

forthcoming), but when something went wrong with the platform, users were left 

struggling. One user noted that the digital platform they used for accessing LPG 

needed to make sure “that any top-up reflects instantly so that the customer can 

continue using the gas…at times we are forced to go source other types of field and 

we have already paid for the gas and that could have been the only money we had” 

(J8). Another user also commented that “Sometimes I top up say Ksh 100 hoping to 

use it for 2 days but it does not reflect and I am forced to incur extra Ksh 30 for 

charcoal” (F5). Whilst this issue of top-up delays on platforms was noted during 

conversations of the LPG platform, users and developers of the two platforms related 

to water payments did not identify such an issue. These quotes however, identify the 

financial precariousness associated with infrastructural access many within informal 

settlements face and that when platforms enter into this mix, they create new fixed 

dimensions, which result in people suffering if the technology fails. By creating fixities 

and dependencies, the digital platforms were having adverse effects on users within 

informal settlements through not accounting for the daily planning around 

infrastructures of informal settlement residents, an important aspect that contributes 

to the ever-changing and dynamic infrastructural configurations of these areas. 

 

5.5.3. Designing out humans 

A final f inding that emerged from the data around how platforms were engaging with 

the dynamic and heterogeneous nature of infrastructures of informal settlements was 

identif ied in how these digital tools were designing out the need and role of human 

agency within infrastructural configurations. Whilst digital platforms do not always 

lead to efficiencies, with some ending up creating “more complexity and bureaucracy” 

(M33), there was an additional danger in how these tools were potentially pushing out 

the human element of infrastructures within informal settlements. Often, these 

bureaucracies and possible inefficiencies were vital in keeping local people in 

employment, as reflected by one user of a platform noting concerns that these digital 

tools may be eliminating both inefficiencies and local jobs in equal measure (M18). 

For both Paygo and Grundfos, in addition to their digital platforms, they also actively 

employed local residents within the new infrastructural configurations, potentially 

lessening the tensions around local employment. Although not visible in MobiTech's 

platform, the role of citizen field engineers in the now-defunct UN & Ericson platform, 

is another potential way to gain favor from local communities. 

Another human element of HICs was presented by one planning expert, who noted 

“people value face to face interaction, [and] these kinds of platforms are killing that 

warmth of exchanging concerns and ideas,” further stating removal of this element 

means infrastructures aren't able to deal with potential shocks as well as previously 

(M26). Furthermore, another interviewee, a researcher and government advisor, 

commented that within Kenya, “people here want to see you in  person. They want to 

know you're the one they're talking to” (M39) and by removing this interaction, 

platforms can create mistrust or skepticism within these infrastructures. For many of 
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the digital platforms, the efficiencies within infrastructures were often tied to points 

within these configurations that involved human interaction, such as bribes and 

incorrect levels of resources being given (M29; M18), and their attempt to design 

these aspects out of these processes was negatively impacting the human e lement 

of infrastructural configurations, an aspect which had aided the continuously shifting 

nature of infrastructures within these areas. 

 

5.6. Discussion 

As the findings demonstrate, although the platform developers attempted to 

accommodate the fluidity of infrastructures and navigate the realities of blurred 

binaries, the digital platforms being deployed within Nairobi's informal settlements 

created fixities and designed out the human component of the HICs they entered. 

The platforms did however, offer opportunities for infrastructural change through 

supporting the use of data as leverage in discussions between informal settlements, 

the state and major infrastructure providers. The following section examines these 

findings within theories of urban political ecology and Southern urbanism more 

broadly, as well as identifying what implications these have for further thinking around 

HICs. 

 

5.6.1. Digital platforms, their support and challenge to 

Nairobi's modern infrastructural ideal 

Over the last few decades, the modern infrastructural ideal of networked, centralized 

systems has been a dominant driver of urban visions and plans for many cities in the 

Global North (Graham and Marvin, 2002). For the Global South and cities such as 

Nairobi, this infrastructural ideal, often focussed by countries during the latter half of 

the twentieth century through international development loans, still continuing today 

(Onjala, 2018), has significantly shaped the form of cities today as well as their 

internal dynamics. Traditionally, the demarcation of infrastructure in cities of the South 

has been conducted by identifying those of a formal nature, networked infrastructures 

delivered by major infrastructure providers, and “informal” infrastructures, those 

existing outside of formal regulation. For many governments and urban municipalities, 

such as Kenya and Nairobi city council, there remains an overarching push toward 

pushing out the heterogeneous and “informally” denoted aspects of infrastructure 

within the city and instead toward rolling out networked, “modern” infrastructures led 

by top-down structures (Wamuchiru, 2017). As this paper notes, the reality for many 

within Nairobi and its informal settlements is one in which these state led networked 

infrastructural visions clash with “actually existing urbanisms” (Shaktin, 2011) and 

force the creation of heterogeneous infrastructural configurations so as to support the 

populations and livelihoods of these areas. As this paper's findings note, digital 

platforms are increasingly being embedded within these HICs and in doing so, are 

attempting to accommodate the infrastructural f luidities and blurred binaries that exist 

within these configurations, as opposed to state services that explicitly attempt to 

homogenize (Guma, 2019). Three of the platforms researched were explicitly 



   
 

128 
 

designed to offer avenues for users and operators to use data generated as leverage 

in discussions with the state and major infrastructure providers. In doing so, the 

platforms present new opportunities for mediating state-citizen relationships around 

infrastructure, whereby technologies and infrastructures aren't black-boxed and 

hidden from view, but are illuminated and present in discussions about rights and 

environmental justice within these informal settlements. Furthermore, these platforms 

were giving agency to users within the HICs, by allowing them to manage their 

resource consumption from informal vendors whilst also being able to act as part of 

a collective when pushing complaints and queries to larger infrastructure operators 

such as Nairobi Water and Sewerage Company. Through these means, the digital 

platforms were not immediately acting as tools toward creating new, networked 

systems, but instead acted as supports of the HICs and potentially, offered new 

avenues for discussion and examination around the role of these infrastructural 

configurations in a future Nairobi. 

Despite the aforementioned opportunities presented by the digital platforms in 

navigating tensions between the realities of HICs and the infrastructures led by larger 

private or state forces, and in doing so opening up spaces for rethinking the future of 

non-networked infrastructures, the findings did point toward what seemed an 

inevitability with the digital tools designing out humans and creating infrastructure 

fixities. By attempting to reduce inefficiencies through navigating the human 

components of HICs, the platforms were inadvertently removing key nodes that 

support the ongoing fluidity of these infrastructures. Whether now or in the near future, 

removing the human aspect may open up these infrastructures to greater control and 

ownership from top-down structures. Furthermore, the fixities the digital platforms 

created such as individual financial investments and a technological reliance resulted 

in users becoming tied to certain infrastructures. These ties meant that when 

inevitable resource supply and demand fluctuations happened in the informal 

settlements, users were less able to navigate these due to these new infrastructural 

f ixities the platforms created. The digital platforms therefore, whilst not intentionally 

pushing HICs toward becoming part of networked structures, were inadvertently 

increasing the passivity of users by making them reliant on single infrastructures.  

 

5.6.2. Spreading and structuring infrastructures through 

platform urbanism 

Digital platforms, as aggregators of artefacts, people, resource flows and networks, 

are shaping the city of the twenty first century in ways that previous technologies 

hadn't. As the findings present, platform urbanism is undoubtedly present within 

Nairobi's informal settlements, via the insertion of these digital tools within the 

infrastructures of these areas and the bringing together of new arrangements of 

actors and artifacts of formal/informal infrastructures. Platform urbanism is identified 

as an urban process enabling on-demand services such as mobility and allowing 

flexibility to urban flows through various applications (van der Graaf and Ballon, 

2019), something present within the findings of this paper. The backdrop to platform 

urbanism however, is one based on networked infrastructures that dominate cities in 
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the Global North and formal urban areas in the Global South. For the developers of 

platforms researched within Nairobi's informal settlements, flexibility was something 

already identif ied as existing within the HICs that support these communities but was 

not something explicitly intended to be offered via the platforms themselves. Whilst 

platform developers designed these tools to accommodate the blurred binaries and 

infrastructural f luidities of daily life, they also created fixities via the aforementioned 

financial f ixities and technological dependence. Although understanding whether 

these communities wish to see greater infrastructural f ixity or require further fluidity 

was beyond the scope of this research, the findings present tensions for further 

thinking around the manifestation of platform urbanism in Nairobi's informal 

settlements. 

If platforms are to allow new modes of governance and alternative methods for value 

extraction (Srnicek, 2017), platform urbanism is to represent the embedding of these 

new modalities within urban processes. For the platforms researched here, the fixities 

they created for users within informal settlements meant that flexibility, the very thing 

that had allowed these areas, communities and infrastructures to survive, was being 

severely limited. Over the coming months and years, it will become apparent if users 

and communities within Nairobi's informal settlements were able to adjust to these 

infrastructural f ixities created by these digital platforms. It is apparent that current 

framings of platform urbanism have yet to fully consider how the integration of 

platforms within infrastructures at a global scale. Whilst the integration of platforms 

within cities in the Global North is primarily based on offering flexibility to users within 

fixed, networked infrastructures, the embedding of these digital tools within informal 

urban settlements offers the opposite by providing assurances and fixities within 

already flexible infrastructures. 

 

5.6.3. Digital platforms as infrastructural lubricators 

As urban political ecology would suggest, infrastructure acts as a key functional lattice 

that enables flows and circulations of capital within cities, thereby influencing the 

urban conditions faced by society (Swyngedouw and Heynen, 2003). In addition, 

these infrastructures and the structures of power they represent are, key components 

in directing urban change (Heynen et al., 2006). For the digital platforms researched 

here, they entered into infrastructural “functional lattices” that were highly fragmented, 

dynamic, and overlapping, often reconfiguring in order to accommodate changes in 

resource demand and supply. For the infrastructures of Nairobi's informal 

settlements, their ongoing changes, lack of holistic understanding and numerous 

socio-political issues meant that capital investment was low (Wamuchiru, 2017). As 

the findings identif ied however, the insertion of the digital platforms into these 

heterogeneous infrastructures, such as water and LPG networks, illuminated 

previously unknown infrastructural dynamics to state and private organizations 

outside of informal settlements. As one platform developer noted, by inserting digital 

platforms within these infrastructures, they were accessing “low-hanging fruit” (M18) 

by using these tools to understand previously hidden transactions and flows. As a 

consequence of this illumination, and during the fieldwork, platform developers noted 

they had received increased interest from government officials and major 
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infrastructure providers who were keen to utilize these new data streams (M9; M18). 

When digital platforms were inserted within HICs of informal settlements such as 

Mukuru kwa Njenga and Kibera, it caused the power and control over infrastructural 

change to shift, with it now becoming more available to external forces outside of 

these areas. With slum upgrading programmes and large scale infrastructural 

transformations planned for Nairobi's informal settlements (Mitra et al., 2017), the 

findings here would suggest that in order to control both the narrative and 

practicalities of urban change, state forces may begin to harness technologies such 

as digital platforms to facilitate this. 

 

5.7. Conclusion 

For informal settlements of cities in the Global South, the infrastructures that guide 

the daily lives of one billion operate in stark contrast to the dominant, networked 

infrastructures of cities in the Global North. As scholarly efforts within Southern 

urbanism and theoretical framings through urban political ecology suggest, the reality 

for many in cities of the South, and particularly within informal settlements, is one of 

multiple, overlapping, dynamic and continuously reconfiguring infrastructures (Jaglin, 

2015). These infrastructures respond to the numerous socio-political and 

environmental pressures and in their form and materiality, reflect the power 

embedded within these socio-material configurations. For Lawhon et al. (2018), the 

dynamics of these infrastructures can be viewed from a perspective that frames them 

as “heterogeneous infrastructural configurations” and in doing so, intends to 

encapsulate the different aggregations of technologies, relations, actors and  

capacities (ibid: 726). 

For urban infrastructures globally, the last decade has seen an increasing 

involvement of ICTs and digital technologies within these various configurations and 

networked systems. One prominent manifestation of the increased digitization of 

urban fabric has been the insertion of digital platforms within infrastructures of the 

city. The global proliferation of digital platforms has seen these tools aggregating 

networks, urban flows, resources and streams of data, thereby influencing the very 

processes that drive the experiencing, management and planning of cities. This 

interrelation between urban processes and these digital tools has been termed 

“platform urbanism” (van der Graaf and Ballon, 2019). Whilst offering insights for 

future digital and physical intersections in the city, platform urbanism at present has 

been little examined within cities of the Global South, and notably, within informal 

settlements and their infrastructures. 

In addressing the deficit in understanding of the consequences of digital platforms 

within the infrastructures of informal settlements, and building on work around 

infrastructures in the Global South (Lawhon et al., 2014; Silver, 2014), this paper 

examines how these data tools were being designed for the HICs of informal 

settlements in Naiorbi and the impact they had on the HICs of these areas. The 

findings of the paper identified that in the case of four digital platforms operating within 

the city's informal settlements, they presented alternative avenues toward 

reimagining infrastructure futures. This reimagination was demonstrated by the 
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emergence of data leveraging, where users were able to utilize data from platforms 

to demand greater resource provision from state and major infrastructural providers. 

In doing so, this data leveraging potentially gave greater power to HICs and the 

people within them, during a time in which national visions are orientated around 

efforts to push out infrastructural heterogeneity in favor of larger networked, 

homogeneous systems. These digital platforms therefore, became tools in which 

citizen-state relationships and balances of power were becoming reconfigured, if only 

in small amounts and in short time scales. Furthermore, platforms developers were 

keen to accommodate the blurred binaries existing within infrastructural realities of 

informal settlements and their f luid nature in the design and deployment of the 

platforms. 

Despite the aforementioned support from the digital platforms researched for 

heterogeneity and infrastructural change, the findings also point to a reality where the 

design of these data tools was creating fixities within these infrastructural 

configurations. In addition to designing out the human components of HICs so as to 

increase infrastructural efficiency within the informal settlements, the platforms also 

created fixities by leading users toward financial investment and reliance on certain 

infrastructures. These fixities meant that users were unable to navigate infrastructural 

hurdles and challenges that they had been able to do before the platforms. Whether 

directly or indirectly therefore, the digital platforms were removing notions of 

infrastructural change by reducing the agency of both workers and consumers 

through narrowing their options. Through creating these fixities, digital platforms may 

prise open infrastructural configurations of informal settlements so as to allow new 

circulations of capital that had previously found it difficult to understand or enter into 

these spaces. 

Over the coming decades, the digitalization of cities will result in significant changes 

in nearly every urban aspect, from accessing infrastructures to processes of 

governance. For cities in the Global South, ICTs are often an attractive route for 

attempting to solve various political, economic, environmental and social issues. 

Responding to calls for radically rethinking African urban theory (Myers, 2011), this 

paper suggests a closer alignment between theoretical framings that examine the 

power laden relationships between the social and the environment, such as urban 

political ecology, and the scholarly engagements that examine the role of digital 

technologies and data within cities. Furthermore, with an increasing interest and 

acknowledgment of the role digital platforms play in cities, the manifestation of 

platforms in Nairobi's informal settlements and its alternative dynamics around 

infrastructural f luidity and fixities means that platform urbanism needs to be further 

understood from a global perspective. This holistic and global approach to examining 

the manifestation and consequences of platform urbanism, it must account for the 

everyday realities of the one billion living within informal urban settlements. This paper 

has provided initial entry points into the deficit in understanding of digital platforms 

and informal urban settlements, but with a vast range of digital technologies entering 

into urban dynamics and continued calls to develop situated urban theory from the 

Global South however (Lawhon et al., 2014), more in-depth empirical investigations 

are required. 
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The ongoing integration of advanced digital technologies such as the Internet of 

Things within our urban fabric, results in the mass of data generated becoming 

aggregated by digital platforms. These platforms are being currently utilized by a 

range of urban actors and have become both key tools and lenses for experiencing, 

managing and planning twenty first century cities (Kitchin and Perng, 2016). Data 

tools such as digital platforms are central components in ef forts toward creating smart 

cities, where ICTs are harnessed to help solve urban inefficiencies (Hollands, 2008; 

Peck, 2013). As the paper identif ies however, notions of urban inefficiencies within 

smart city discourses are predominantly derived from an understanding about urban 

metabolisms in the Global North, often overlooking many of the social and cultural 

facets tied to resource flows, particularly apparent within informal urban settlements 

and HICs. Furthermore, smart city discourses often note a push toward creating 

spaces of experimentation and flexible urbanisms to understand the role digital 

technologies can play within the urban fabric (Calzada, 2018). This paper would argue 

that many of these spaces already exist in places such as Kibera and Mukuru kwa 

Njenga, informal urban settlements within heterogeneous infrastructural 

configurations. Rather than continuing to position wealthy urban enclaves of the 

Global North as “urban laboratories” and sites of digital experimentation, future efforts 

would do well to examine how already existing dynamic, flexible, and heterogeneous 

infrastructural configurations within informal urban settlements are currently 

navigating the embedding of digital technologies. If we wish to create flexible, on-

demand cities with decentralized infrastructures, informal urban settlements already 

provide ideal testing grounds for exploring the realities of such futures.  
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6.2. Abstract 

Understanding around the consequences of smart urbanism within informal urban 

settlements remains under examined but urgently needed. Furthermore, despite 

explorations into the consequences of smart urbanism for notions of citizenship within 

formal areas, this does not directly translate into the realities of informal urban 

settlements. Here, we address these demands and deficits by examining how smart 

urbanism impacts key urban dynamics within Nairobi’s informal urban settlements 

and what this means for new framings of citizenship. Within Nairobi, smart urbanism 

appeared to limit incrementality whilst also creating new avenues for insurgent 

practices. Furthermore, smart urbanism led to a reconfiguration of power between 

communities and the state, thereby impacting notions of citizenship. The findings 

indicate smart urbanism’s impact upon citizenship in the creation of new digital 

publics, dampening calls for a ‘right to the city’ and reframing ideas about what a 

citizen can be. By conceptually framing the paper around the notion of heterogeneous 

infrastructural configurations, it allowed thinking to move beyond two dimensional 

analysis of smart urbanism within informal settlements. The paper offers important 

considerations for smart urbanism’s global manifestation, identifying that for 

marginalised areas, this ICT-led form of urban reconfiguration can spur 

(re)negotiation of entitlements, rights and potential resource commons.  

 

6.3. Introduction 

Informal urban settlements face a range of issues, including colonial legacies of 

planning, insecure land rights, limited central government investment and failures in 

resource provision. This has caused them to develop their own infrastructural 

arrangements, thus often differing markedly from those existing within the formal 

areas of the city. Informal urban settlements are often served by heterogeneous and 

dynamic infrastructures, which exist in a state of ongoing reconfiguration (Silver 

2014a). The heterogeneous infrastructural configurations (Lawhon et al., 2018) that 

serve informal urban settlements are made up of overlapping artefacts, relationships 

and socio-material arrangements. In addition, these infrastructural configurations 

rarely fit into neat formal/informal binaries and are highly sensitive and responsive to 

external pressures and changes (Misra 2014). Even if heterogeneous infrastructural 

configurations are able to meet the needs of many within informal urban settlements, 

they can suffer from various issues including infrequent supply, high prices, 
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corruption, theft and damage. In recent years, however, and with the ongoing 

proliferation and growing capabilities of Information Communication Technologies 

(ICTs), the infrastructures that serve informal urban settlements have increasingly 

become embedded within digital technologies. 

 For Nairobi, Kenya, formal and informal areas of the city have both witnessed an 

ongoing integration of ICTs within their urban fabric and in particular, their 

infrastructures. With the city’s installation of CCTV cameras (Smith 2015), 

development of its smart traffic management system (Mwaniki 2017a), harnessing of 

ICTs by major utility providers such as Kenya Power and Lighting Company (KPLC) 

and Nairobi City Water and Sewerage Company (NWSC) (Guma 2019) and the 

prominence of mobile banking services such as m-pesa (a mobile phone-based 

money transfer service and micro-financing service) within infrastructural interactions, 

the urban fabric of Nairobi has increasingly become tied to digital technologies (Bosire 

& Ntale 2018; Kirmi 2018). The uptake of ICT by many of the city’s infrastructure 

providers occurs for various reasons, including increasing revenue, driving out illegal 

activity and maintaining services (Mwaniki 2017a; Guma 2019). Within informal 

settlements in Nairobi, larger infrastructure providers such as KPLC and NWSC 

(Guma 2019) and organisations operating as smaller scales (Chambers & Evans 

2020) have both developed various arrangements of ICTs within the infrastructures 

of these areas, resulting in changes to socio-material configurations. Other examples 

of harnessing ICT within the infrastructures of Nairobi’s informal settlements can be 

seen in mapping projects such as Map Kibera (Marras 2009), which have sought to 

identify where infrastructural services are located in these areas and provide data and 

information about them. Whether led by larger top-down efforts such as KPLC and 

NWSC, through smaller scale technology development projects or through NGOs and 

their efforts to map informal urban settlements in Nairobi, ICTs are increasingly 

entering into and smartening the infrastructural arrangements of these areas 

(Mwaniki 2017b).  

As in the case of Nairobi, numerous cities across the world continue to integrate ICT 

and associated digital technologies into their infrastructures to achieve a range of 

desired outcomes. This ongoing integration of ICT within the urban fabric has 

increasingly come under the banner of smart urbanism, a term that has gained 

increased attention across the globe. Smart urbanism broadly refers to the process 

by which new urban modalities are produced via the integration of ICTs within the city 

(Luque-Ayala & Marvin 2019). It is believed that smart urbanism creates new avenues 

for economic development, offering progress in urban sustainability through 

efficiencies and rethinking engagement in the city (Coletta et al., 2018). These 

benefits, often touted by technology developers and urban managers, have helped 

smart urbanism gain a foothold within the discourses of governments and 

municipalities globally (Carigliu et al., 2015).  

Despite smart urbanism’s growing prominence as both a planning tagline and as a 

physical manifestation at the intersection of society and technology, it continues to 

draw both concern and criticism. Numerous critiques of this tech-led form of urbanism 

include its top-down driven instrumentalism, underpinning neoliberal mantra, 

overlooking of citizen needs (March 2016) and supply orientated nature that fails to 

take into account local realities (Kitchin et al., 2019). Smart urbanism, therefore, is 
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not an apolitical and neutral process, but instead, something which weaves itself 

within existing structures of power and becomes a useful tool for those wielding it 

(Kitchin 2015a; 2015c). With smart urbanism’s manifestation being noted across 

urban environments globally (Luque-Ayala & Marvin 2019), critical thought has only 

recently begun to examine its consequences within cities of the Global South (Datta 

and Odendaal 2019). Despite the small but growing scholarship on smart urbanism 

and smart cities within the context of the Global South, there has been a thread of 

acknowledgement through these efforts that this digitally mediated form of urbanism 

must incorporate urban theory derived from the Global South (Datta 2015a; 2015b, 

Watson 2014, Guma et al., 2019; Guma 2019). Such scholarship has proved 

invaluable in directing global attention on smart urbanism towards its manifestation 

within cities of the South and noting how this process has become central within 

national and urban planning (Odendaal 2015). Despite these aforementioned efforts 

however, there has, as of yet, been little critical examination of the consequences of 

smart urbanism for informal urban settlements and their infrastructural configurations. 

With informal urban settlements predicted to absorb significant portions of the build 

out of global populations and acting as key sites mitigating the effect of climate 

change and implementing solutions (Revell 2010), understanding the consequences 

of smart urbanism within these areas is urgently needed. Whilst the predominant 

focus of research attention around smart urbanism has been within the context of the 

wealthier and formal enclaves of cities such as Nairobi, the ongoing integration of ICT 

within the urban fabric of informal settlements would suggest that this attention must 

soon shif t. 

 

6.4. Examining smart urbanism 

With smart urbanism’s continuing manifestation within informal urban settlements, 

there remains a pressing need to understand its consequences for these areas, both 

in terms of the everyday urban dynamics it alters and notions of citizenship it impacts. 

This paper aims to address this need and deficit within current understanding by 

exploring the consequences of smart urbanism for processes inherent within informal 

urban settlements, focussing on Nairobi, Kenya. Drawing from urban political ecology 

in framing infrastructures as power-laden socio-material configurations (Swyngedouw 

& Heynen 2003) and broader work from Southern urbanism that unpicks the power 

structures within the reconfiguring infrastructures of informal urban settlements 

(Lawhon et al., 2014), this paper examines how smart urbanism impacts the condition 

of informality and associated infrastructures within Nairobi’s informal settlements. 

Drawing on the growing critical literature around the smart city as a corporate led, or 

at least guided vision that supports neoliberal governance, we argue that smart 

urbanism’s nebulous nature allows it to become a device for reinforcing the power of 

elites. Building from this wider scholarship around urban political ecology and the 

smart city, the paper asks two questions to help lead examination at this intersection 

between urban informality and smart urbanism. Firstly, the paper asks what are the 

consequences of smart urbanism for notions of incrementality within informal u rban 

settlements? Building on this question, the paper then asks as to how does smart 

urbanism interact with insurgent practices in informal urban settlements? In addition, 



   
 

137 
 

with calls to understand smart urbanism’s impact on notions of rights and justice in 

the Global South (Datta 2018), the paper asks a third question, that being what does 

the manifestation of smart urbanism mean for negotiations and realities of citizenship 

within these areas?  

The paper sees an initial examination of two notions associated with informality, that 

of incrementality and insurgent urbanism, with particular reference to their existence 

within the infrastructures of informal urban settlements. Following this, the methods 

and research approach are briefly discussed. The findings of the paper are presented 

in two sections, reflecting the empirical insights from the fieldwork. The first section 

of findings explore how smart urbanism impacted notions of incrementality via limiting 

the possibilities for infrastructural reconfiguration within Nairobi’s informal urban 

settlements. The paper’s second finding follows this, noting that whilst incrementality 

and small adjustments are limited, the resulting socio-technical arrangements provide 

new avenues for infrastructural insurgency within Nairobi’s informal settlements. 

These findings inform the response to the third question of the paper, which suggests 

that the new spaces and connections smart urbanism creates represent facets of 

smart citizenship, seen through the fragmentation and individualisation of 

infrastructural engagement. Smart urbanism does however, point to more positive 

conceptualisations of smart citizenship, where people can leverage data to demand 

infrastructural justice. The paper concludes by examining how smart urbanism can 

reconfigure, challenge and reinforce informal urban settlements relationships with the 

state. The paper’s findings are important for developing a global understanding of 

smart urbanism and its consequences for citizenship. 

 

6.5. Informal urban settlements as sites of incremental and 

insurgent urbanism  

As an ICT led form of socio-technical reconfiguration, smart urbanism is inherently 

tied up with the notions of citizenship and the rights of urban populations (Cardullo 

and Kitchin 2019b), such as who has rights and to what, where our responsibilities lie 

and who controls these new connections (Vanolo 2016). Notions of ‘smart citizenship’ 

have begun to emerge within the context of the Global South and within urban realities 

where traditional pathways to rights and recognition can be leapfrogged. For Datta 

(2018), smart urbanism’s emergence within postcolonial cities can reconfigure state-

citizen relations in three ways; engaging new populations, creating new physical and 

digital spaces for citizenship and enabling breaches, where a dominant order is 

ruptured and new possibilities emerge. Within informal urban settlements, smart 

urbanism’s impact on citizenship occurs within a context of rights and justice that is 

markedly different to formal areas of the city. Here, historical and postcolonial 

legacies have spurred decades of struggle around the recognition of informal 

communities. Smart urbanism’s manifestation therefore, can potentially breed and 

even further existing inequalities within cities, by allowing investment to follow 

traditional patterns which results in reinforced connections for some and the 

overlooking of others (Odendaal 2011). If a citizen focussed form of smart urbanism 

is to develop within postcolonial cities and their inf ormal areas, it must be rooted within 
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ideas of citizenship and the rights of these communities within both digital and 

physical spaces (Datta 2018; Kitchin 2019).  

As noted earlier, the infrastructural realities for informal urban settlements differ 

markedly from formal areas of cities and are a deviation from any sense of the modern 

infrastructural ideal. For these informal areas, infrastructural configurations are often 

highly dynamic, splintered, fragmented and non-networked in any traditional sense 

(Graham and Marvin 2002). In addition, notions of making, remaking and self -

provision are common within these areas (Thieme 2013) and within the context of 

infrastructure, is often labelled as acts of reconfiguration (Silver 2014a). Drawing from 

insights provided by urban political ecology and critical infrastructure studies (Harvey 

1996; Lawhon et al., 2014), urban infrastructures exist not as benign, neutral 

artefacts, but are instead, complex forms of socio-technical arrangements embedded 

with networks of power.  

Calls to situate an understanding of informal urban settlements and their 

infrastructures within urban theory from the South have resulted in new analytical 

approaches to understanding these dynamic configurations (Roy 2009; 2011). The 

notion of heterogeneous infrastructural configurations (HICs) presented by Lawhon 

et al., (2018), provides one analytical approach to understanding infrastructures of 

the South. HICs encourage thinking to move away from simplistic delineations of 

formal and informal inf rastructures, noting that in reality this is rarely the case, and 

opens up research to explore the diverse and overlapping socio-technical 

arrangements that make up infrastructures on which many within informal area rely. 

HICs draw from urban political ecology and broader work around understanding 

infrastructures as ‘hybrid, incremental, post-networked, people and lived’ (ibid: 722). 

Using HICs as an analytical tool, allows new foci of examination around this 

relationship between informal areas and the state, often within the context of 

infrastructural reconfiguration (Silver 2014a). As McFarlane (2011) suggests, 

infrastructural reconfiguration within informal areas is both a solution to uneven urban 

geographies and a consequence of it, therefore any efforts to understand this 

reconfiguration must pay attention to the broader processes of informality in which it 

lies. Two prominent modes associated with the notion of urban infrastructure 

reconfiguration within informal urban settlements can be seen in notions of 

incrementalism and insurgent urbanism.  

The notion of incrementalism refers to the multiple ways in which urban space can be 

formed and reformed through small and slow adjustments, contrasting with the top-

down, large scale, planned and over-determined approaches common within formal 

areas of the city (Amoako et al., 2017). Incrementality, as a process of socio-material 

adaptation, thrives within the infrastructures of informal urban settlements (Dovey 

2013) but urgently requires further understanding, as noted in the Habitat III report 

(2016) on a New Urban Agenda. For many post-colonial cities in the Global South, 

legacies of colonial infrastructure planning and inadequate service provision have led 

informal urban settlements to direct and reconfigure their own infrastructures (Silver 

2014a), often within an incremental fashion (Simone 2008). Incrementalism within 

infrastructures can directly challenge conditions of poverty by making resources flow 

to locations and sites that otherwise remain unconnected. Incrementalism causes a 



   
 

139 
 

redirection of flows, which can involve both a social or material reconfiguration, 

something often carried out at smaller scales (ibid).  

Insurgent urbanism refers to the inherently political actions tied to redirecting power, 

which often occur during processes of infrastructural reconfiguration. As Holston 

(2009a) suggests, acts of insurgent urbanism can be identif ied within the everyday 

struggles for territorial rights and political recognition from dominant, centralised 

powers that many within informal settlements face. Insurgent urbanism can be found 

within informal and formal areas of cities, but when occurring within informal urban 

settlements, it may not only lead to disruption in the formal-informal and state-citizen 

relationships, but can result in reframings of citizenship (Holston 1998; Holston 

2009b; Finn 2014). At its core, insurgent urbanism forces dominant powers to confront 

or recognise the realities and demands of many marginalised urban communities 

(Sutherland 2011) even if for short periods of time (Amin 2013). Insurgent urbanism 

can be seen in the reconfiguration of the informal settlement infrastructures, where 

citizens alter these configurations to better suit their need, thereby subverting 

dominant, formal and state led structures of governance and regulation (Simone 

2008). Whilst insurgent urbanism can materialise globally (McFarlane & Vasudevan 

2014), its manifestation within informal urban settlements is important for 

understanding how calls for a ‘right to the city’ can be emitted from all sections of 

society.  

In examining how smart urbanism impacts the infrastructural configurations of 

informal urban settlements, this paper utilises insights offered by urban political 

ecology around infrastructures as power laden socio-material configurations. In 

addition, the paper used the analytical approach provided by HICs for exploring the 

multiple, overlapping and dynamic infrastructural realities that many within informal 

urban settlements experience. Drawing from Southern Urbanism and notions of 

insurgent and incremental urbanism often present in examinations of informal urban 

settlements and their infrastructure, this paper selects these two framings of urban 

practice to explore the consequences of smart urbanism. 

 

6.6. Approaching the research 

Utilising the aforementioned theoretical and analytical insights, and in answering its 

aim and research questions, this paper focuses on the deployment and integration of 

four digital technologies and their associated data platforms within the infrastructures 

of Nairobi’s informal settlements. Whilst the four case studies varied in their scale, 

technologies employed, locations and motivations, they all involved the reordering 

and reconfiguring of flows of resources. Whether explicitly or implicitly, the case 

studies and the people involved were involved in the performance of smart urbanism 

within Nairobi’s informal settlements. The four case studies, adapted from Chambers 

& Evans (2020) are presented in Table 2 below.  
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Table 2. Case study characteristics. Adapted from Chambers & Evans (2020) 

Case number 1 2 3 4 

Name Paygo Smart 
Energy Meter 

Mobi-water 
System 
(Mobitech 
solutions) 

Grundfos 
AQTap 

Siemens and 
UN Habitat Maji-
Wazi project 
(exploratory 
research 
programme) 

Systems  LPG cylinder 
smart metering 

device and 
distribution 
platform 

 

Real-time water 
tank smart 

meter and 
platform 

 

Automated 
water 
distribution 

point (ATM) with 
integrated, 

secure payment 
facility and GSM 

monitoring 
system 

 

Water sensor 
monitoring flow 
at various points 
within 
Mashimoni 
village and 
associated 
cloud storage.  

Users Consumers 
looking to 
access 

safe and clean 
cooking fuels 

 

Local water 
point owners, 

operators and 
consumers 

 

Local water 
point owners, 

operators and 
consumers 

 

Water vendors 
and homes. 
Other related 
top-down efforts 
included Nairobi 
water. 

Issue LPG out of price 
range for many 

low-income 
households, 

resulting in use 
of dirty and 

dangerous fuels 
such as 

kerosene and 
charcoal. 
Investors 

do not see 
returns so do 
not 

Water point 
owners and 

operators 
unable to 
accurately 

measure levels 
in storage tanks. 

This 
mismanagemen
t led to 

infrequent 
service, 
reduced 

income and 
disruption for 
users 

Water providers 
facing 

increasing 
demand for 
delivery, 

high non-
revenue water 
losses 

from theft, lack 
of finance, 

reduced 
coverage, 
resulting in 

low quality and 
infrequent 

service for users 

Residents 
within 
Mashimoni 
village in 
Mathare Valley 
often suffered 
from irregular 
water rationing. 
In addition, 
fragmented 
water 
infrastructures 
mean that 
prices can be 
highly inflated 
for end users.  
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invest in 
infrastructure 
with 

danger of 
illegally refilled 

cylinders 
exploding 

 

  

Company Private, small 
scale energy 
distribution 

Private small-
scale water 

technology 
service 

 

Large, 
international 
private 

water 
engineering 
organisation 

 

UN Habitat in 
partnership with 
Siemens  

Operation Company 
provides the 
smart 

metering device 
and cookstove 

and, in 
partnership with 
local 

LPG suppliers, 
distributes 

cylinders to 
homes. SMS 
top-up 

service is 
provided to 
allow 

users to control 
their LPG usage 

 

Company 
installs devices, 
runs 

dashboard for 
water provider, 

sends data 
visualisations to 

water provider’s 
phone and 

send SMS 
updates to 
users 

 

AQTap system 
provides water 

service operator 
with a smart 

management 
system to 
monitor 

each water 
tapping point 
and its 

operations. 
Smart 
cards/tokens 

allow users to 
load 
prepayment. 

Providers and 
operators have 

the correct 
revenue, 
allowing 

investment into 
water points 

and users 
having a higher 
quality 

Small-scale 
technologies 
integrated 
within local 
water networks 
via installation in 
people’s 
homes. Efforts 
sought to 
increase 
transparency 
and 
collaboration 
around water 
data. Other 
efforts involved 
designing 
dashboards for 
monitoring 
sluice valves. 
Previously the 
open/closed 
nature of these 
valves was only 
known through 
informal and 
fragmented 
information. 
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product. Project 
worked with 

NWSC in 
identifying 
areas of 

deployment 

 

Resource LPG 

 

Water Water Water 

Associated 
Infrastructure 

Cylinder refilling 
depots 

Distribution 
centres 

Tankers 

Gas storage 

 

Water tanks, 
Nairobi Water, 
Water Cartels 

Water tanks, 
Nairobi Water, 
Boreholes 

Water points, 
pipes, water 
cartels, Nairobi 
Water, sluice 
valves, citizen 
field engineers.  

Scale 280 Units 33 devices 44 AQtap points 2-3 proof of 
concepts 

 

3 sensors over 5 
weeks 

Period of 
operation 

2.5 years 3 years 10 years Pilot (months) 

No. of users 1200 10,255 100,000 N/A  

Impact Increased stove 
efficiency, 

reduced CO2 
emissions, 
fewer 

respiratory 
problems 

 

30% increased 
water 

consistency 

 

Provides viable 
operation 

models for 
water service 

operator 

N/A 

 

To answer the paper’s three research questions, a triangulation approach to methods 

was used that brought together interviews, observation and focus groups in order to 

develop a comprehensive and holistic understanding about smart urbanism within 
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informal urban settlements. Whilst surveys were potentially considered to develop a 

broader understanding of smart urbanism within Nairobi’s informal settlements, early 

pilot research noted the importance of building up strong community ties and not 

oversaturating the areas with research. In addition, working closely with infrastructure 

providers and tech companies meant that it was imperative to not destabilize current 

relationships between parties, which meant that semi-structured interviews were 

deemed most suitable. Furthermore, although case study approaches were also 

noted as a possible methodological approach, the research questions being asked 

meant that it was more important to develop insights from the users of technologies 

as opposed to the developers themselves. The qualitative research involved one 

focus group of user technologies (7 persons) and forty interviews with an array of 

relevant stakeholders. These interviews included users (24), developers (4), 

infrastructure operators (3), employees of global development organisations (4), 

community activists (2), charity workers (1) and government officials (2). In addition, 

observation notes and personal ethnographies were both conducted, which, along 

with the aforementioned transcripts, were coded, labelled and analysed (Strauss and 

Corbin 1990). Full anonymity was offered to all taking part during the fieldwork, which 

was undertaken from September 2017 to May 2018, and all quotations and 

references to participants have been labelled with codes that correspond to their 

relevant transcript (e.g FR11).   

6.7. Smart urbanism in Nairobi: Limiting informality’s 

incrementality   

With ongoing governmental efforts towards including ICTs within Nairobi’s informal 

settlements in order to develop networked infrastructures (Guma 2019), there 

appears to be alignment between smart urbanism and top-down goals of creating 

homogenous and fixed infrastructures. Through interviews during this research with 

stakeholders involved with smart urbanism in Nairobi’s informal settlements, there 

was recognition around the need to work with, rather than against aspects of 

infrastructural heterogeneity (M10; M6). Despite this acknowledgement, smart 

technology developers often suggested that their work formed one component of 

much larger infrastructure transformation that were happening within the informal 

settlements through upgrading processes (M7). For some of the stakeholders 

involved in the deployment of technologies within these areas, they noted there was 

an uneasy alliance between their goals to support heterogeneity and spaces for 

incrementality within infrastructures and the longer term visions of Nairobi City County 

which often centred on limiting infrastructural f luctuation (M30). Whilst many local 

communities and users benefited f rom smart urbanism within the informal urban 

settlements, they also pushed back when these new socio-technical fixes were 

unable to adapt to meet new demands (Chambers & Evans 2020)   

For many of those spoken with living in Nairobi’s informal settlements, they often 

noted that prior to the installation of the various smart technologies researched, the 

water, gas and electricity infrastructures they relied on had frequently been adjusted 

at different points to adapt to resource conditions (FS2). Now however,  through smart 

urbanism, this ability to adjust configurations was starting to be lost (FR8). In addition, 

whilst the ongoing manifestation of smart urbanism created new opportunities for 
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infrastructural engagements, supporting resource management, creating certainties 

in delivery and limiting losses from theft, several employees of the case study 

technologies noted that digitisation of these previously hidden resource flows could 

result in a ceding of infrastructural control to external bodies (M7). The ongoing 

making of small changes to infrastructure was noted by users, activists and 

infrastructure providers as something that had been going on for decades within 

various informal settlements in Nairobi, and in doing so, people were making these 

urban spaces more liveable. The manifestation of smart urbanism however, was 

viewed by some as a top-down driven force that sought to make spaces more 

liveable, but one that shifted control over this making and remaking to those residing 

outside of informal settlements. Furthermore, the installation of smart technologies to 

stop damage and unwanted adjustments with the infrastructures often meant that 

users were no longer able to adapt these infrastructures to match their daily lives, 

thereby limiting overall incrementality (J4).   

Incremental urbanism is enacted not only through material reconfiguration, but also 

within the capacities of knowledge that generate solutions (Swilling et al., 2013). 

During discussions with associated stakeholders in Nairobi’s informal settlements, it 

became apparent that both the material and knowledge based modes for generating 

solutions were impacted and limited through smart urbanism by the way it created 

infrastructural f ixities. For residents within areas such as Mukuru-kwa-Njenga and 

Kibera, the uptake of smart technologies resulted in new ties to institutions and 

technologies. Through the smart metering of water points and tracking of gas 

cylinders within informal settlements, smart urbanism was creating fixed bonds 

between users, suppliers, resources and flows, within infrastructural configurations 

that had previously been more fluid. As users noted, the creation of infrastructural 

f ixities by these new technologies was often a desired goal for them, as they are now 

able to trust the resources, the providers and better manage their usage and money 

(F1;F2;J1). Despite this however, the fixes smart urbanism was creating tended to be 

within specific infrastructure components rather than in the sense of a holistic 

intervention, which resulted in a jarring and imbalance between the now fixed parts 

of infrastructure and those which remained more fluid.  This distortion of infrastructural 

temporalities meant that when disruptions occur at distant and external points within 

the HICs of informal settlements, the users of these smart technologies now found it 

diff icult to adjust. For the users of smart technologies to access LPG and those using 

smart cards to access water point ATMs, both commented that being financially tied 

to these new infrastructural engagements via preloading payment etc, often meant 

that when disruption happened they could not rely on the incrementalism that they 

had used before (F10; J9).    

Smart urbanism also impacted practices of incrementality through limiting the role of 

human components within HICs and their ability to reconfigure networks. These 

infrastructural networks of the informal settlements often involved numerous points of 

exchange, were impacted by political decisions such as bans, macroeconomic issues 

such as gas import levels and could be disrupted by environmental challenges such 

as flooding (M6). When these issues would manifest, it was often the human points 

of exchange within the infrastructures of informal settlements that could adjust these 

configurations as well as acting as valuable sources of information for consumers. As 
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one user noted, smart urbanism was impacting on these people, noting that whilst 

“technology has its pros and cons…[and] it will make our lives easier...it cuts down 

on human labour and makes many jobless” (FR11). Despite removing the agency of 

human labour and limiting capacity for incrementalism however, there was evidence 

of a push back against this. As stakeholders noted who were involved in the 

deployment of Water ATMs and a smart parking system rolled out in Nairobi city 

centre, the different points at which technology was hoping to stop losses, these were 

now being navigated. Parking boys and local agents of water cartels were occupying 

the smart technologies and navigating the digital payment services by accepting cash 

instead. Therefore, whilst smart urbanism can result in incrementality within 

infrastructures being reduced, nefarious activities may emerge by those it attempted 

to push out, who will navigate these limitations.    

 

6.8. Insurgent urbanism through smartening Nairobi’s 

informal urban settlements   

The emergence of smart urbanism within the infrastructural fabric of Nairobi’s informal 

settlements appeared to limit opportunities for incremental practices by the 

communities of these areas, as part of efforts to make spaces more liveable. As 

demonstrated by the reduced potential for infrastructural reconfiguration, smart 

urbanism was directly impacting the very notions of incremental urbanism that have 

existed within the informal settlements since they first emerged. During fieldwork 

however, it emerged that smart urbanism was not solely restrictive to reconfiguration 

within informal settlements, but was also something that could support it through 

creating new spaces for insurgent urbanism. As noted earlier in the paper, 

infrastructural reconfiguration is one component existing within broader notions of 

insurgent urbanism and practices. Insurgent urbanism not only covers acts of 

resistance within urban environments, but is tied to ideas of creating citizenship from 

below (Holston 1995; 1998) and can challenge the dominant neoliberal practices 

within cities which seek to isolate, fragment and privatize the urban form (Miraftab 

and Wills 2005). When examining the consequences of smart urbanism within 

Nairob’s informal settlements, it emerged that this ICT-led urban vision was creating 

and reinforcing avenues for insurgent practices by the communities of these areas.    

The prominent mode whereby smart urbanism supported insurgent practices was the 

leveraging of data by communities towards infrastructural change and improvement. 

For the users, operators and organisations adopting smart technologies within the 

water and LPG infrastructures of the informal settlements, the data they now held was 

a powerful tool to demand better, safer and more affordable infrastructures. For users 

of Maji Wazi (von Heland et al., 2014), a water sensor data project that monitored 

water flows, communities that received the data were able to collect and present this 

to NWSC (M29). As noted by one of the key stakeholders involved in the project, by 

being able to use and leverage this data against NWSC, communities were able to 

have open discussions with external bodies and solve problems, rather than relying 

on previous disruptive action such as protests and barricading main roads to get 

attention (M29). This act of leverage, in which data was used to establish new 
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infrastructural relationships between informal settlements and formal infrastructure 

providers, was also seen in the Mobi-tech and Grundfos technologies. Stakeholders 

involved in delivering both of these smart technologies commented that their 

installation enabled operators, owners and users of infrastructures to build new 

relationships through leveraging the data to establish trust and reliance between 

these groups. In addition, a technology developer involved in the Grundfos water ATM 

project noted that the data generated from the device helped smooth frayed tensions 

between NWSC and local communities by being used to visualise and generate 

awareness about the water challenges faced (M36). For one employee of Mobi-Tech 

they noted awareness about the value that data had for communities when correctly 

used and, because of this, they not only gave access to data for users, but also 

provided education and training on how best to present this data to organisations 

such as NWSC (M1).   

Another element of insurgent practices within Nairobi’s informal settlements that 

smart urbanism appeared to support was the creation of new platforms for 

engagement, debate and discussion. As McFarlane (2008a) notes, infrastructures are 

platforms and sites of engagement between multiple actors in cities such as the urban 

poor, planners and infrastructure providers. As noted by one water point operator 

using smart technologies to better monitor their resource levels, most of their 

engagement and raising of complaints to water supplies had been done face to face, 

which they felt had rarely resulted in problems being addressed. Through the smart 

technology however, they were able to structure complaints and issues in new ways 

and supply data to back these up, which they believed was helping improve 

infrastructures. Through the case of smart technologies involved in water and energy 

networks in Nairobi, information flows were changing between informal urban 

settlements and external bodies, and in doing so was creating to avenues for claiming 

new rights to the infrastructure of the city.    

Smart urbanism also supported various forms of insurgence through the urban 

imaginaries that were created for communities within Nairobi’s informal settlements. 

For several users of the smart technologies such as households incorporating IoT 

enabled LPG devices or water point operators that had installed smart metering 

technology, they often commented that by using these smart technologies within their 

daily lives they were developing new imaginations of their place within the city (F2; 

F8). For many users within informal urban settlements, they felt that the smart 

technologies were connecting them to other aspects of the city and rather than 

existing in an urban area of exception, they were becoming engaged in new notions 

of citizenship. As Miraftab and Wills (2005) note, insurgent urbanism exists not only 

in physical actions but also within attempts to challenge or reframe notions of 

citizenship. The smart urbanism manifesting in Nairobi’s informal urban settlements, 

within the context of the reconfiguring infrastructures, created hope for portions of 

communities.  New connections being created within these infrastructures meant that 

people felt they were now tied to and part of wider transformations within Nairobi.   
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 6.9. Consequences of smart urbanism on notions of 

citizenship  

Whilst smart urbanism limited opportunities for incrementality within Nairobi’s informal 

urban settlements, it did create new avenues for insurgent practices for users of the 

smart technologies. For these two important urban dynamics, incrementality and 

insurgency, they are inherently tied to notions of citizenship due to their influence on 

individuals rights, responsibilities and roles within society (Rowe et al., 2001). Our 

third research question was asked so as to further examine the relationship between 

these urban dynamics and notions of citizenship within the context of smart 

urbanism’s manifestation in Nairobi’s informal settlements. Here, smart urbanism’s 

impact on negotiations and articulations played out in three ways; creating new digital 

publics, dampening a ‘right to the city’ and challenging ideas of smart citizenship.  

Smart urbanism in the informal settlements destabilised previous flows and 

aggregations of resources and capital. As a consequence of this destabilisation, new 

arrangements of power meant the alternative publics (Simmel 2012) were created by 

smart urbanism. Through the digital acts of users, citizens, infrastructure operators 

and smart technology companies, new spaces were opened up in which acts of 

citizenship were performed. Notably, both Paygo Energy and Maji Wazi created digital 

spaces in which complaints, grievances and information can be shared by users, 

thereby developing new publics in which infrastructural realities were being 

legitimized and translated to senior and external stakeholders. For users, such as 

those of the Maji Wazi project, these new digital publics were recognised spaces by 

the state, meaning negotiations and discussions between various actors was enabled   

As many have noted, the techno-deterministic nature of smart urbanism and the smart 

city often lead an allusion of increased rights or, an erosion of current ones via 

ongoing acts of surveillance, subjection and control (Kitchin 2015b; Hollands 2015). 

Building on Lefebvre’s (1996) idea of a ‘right to the city’, others such as Cardullo & 

Kitchin (2019a) have challenged the dominant framing of the smart city so as to 

position possible futures in which citizens become the focus of smart urbanism, rather 

than just points of consumption. As Datta (2018) identifies however, it is important to 

consider how smart urbanism plays out with respect to postcolonial and subaltern 

rights to the city, as these play out markedly different from the dominant setting of the 

smart city in the Global North or within formal areas of cities.   

For the examples of smart urbanism examined in this paper, the ongoing integration 

of digital technologies appeared tied to an idea of dampening calls for ‘rights to the 

city’ (Lefebvre 1996). We employ the term dampening to refer to a lessening or 

reduction in strength of demands to rights, acknowledging that these still continue 

within multiple modalities, but within the context of ICT and infrastructures, they 

appear somewhat pulled back. This dampening was evidenced in two ways. Firstly, 

through conversations with users and community organisations, many identif ied a 

concern that by integrating the smart technologies within infrastructures of their 

informal settlements, it may result in delays to connection to networked services. 

Here, smart urbanism appeared to align with postpolitical notions, where efficiencies 

from immediate technologies may override ongoing calls for rights and recognition. 
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Secondly, a right to the city involves the ‘right to appropriation’ and the ‘right to 

habitation’ (Lefebvre 1996). Within the context of smart urbanism in Nairobi however, 

these aspects of a right to the city appeared little addressed. Instead, appropriation 

was reduced via the creation of new observers and controllers at infrastructure points 

via new ICTs, as demonstrated by the reduction in opportunities for incrementality. 

Furthermore, the right to habitation remained unchanged through smart urbanism’s 

manifestation. For subaltern groups, the ongoing struggle for recognition of property 

rights spurs a continued lack of services and suitable building investment. For this 

paper, smart urbanism did not appear to support these calls or present new avenues 

for making them. As Willis (2019) notes, the smart city confuses and distorts 

traditional framings of a ‘right to the city’ by blurring aspects such as access and 

information, altering what they mean and how they can be measured. This appeared 

true within the case of Nairobi’s informal settlements, where information and access 

to services move from one involving physical movement of populations to the city 

centre, to now being done via the new smart technologies.   

Within discourses of the smart city and smart urbanism, the ‘smart citizen’ is one that 

adapts to technological changes, takes an active role within new modes of 

consumption and utilises the digital spaces created as they were intended (Joss et 

al., 2017). This current smart narrative has been driven by corporate interests, 

resulting in a neoliberal logic that underpins what a smart citizen is or should be 

(Cardullo & Kitchin 2019b). When examining smart urbanism within Nairobi’s informal 

settlements, the ongoing integration of ICT within infrastructural arrangements 

appeared initially to reinforce this neoliberal framing of smart citizenship, by 

supporting private ownership of infrastructures, generating greater data around 

consumption and developing technologies to support this. Through the research 

however, smart citizenship within these areas became rooted to ideas of harnessing 

the power of technology and data, and using it as leverage, whilst also allowing digital 

to help reconfigure trust within fractured networks (Chambers and Evans 2020), a 

challenge to the current neoliberal framing of smart citizenship. Within the informal 

settlements, the lack of subaltern rights makes bottom-up attempts to drive change 

diff icult.  By generating data and information from smart technologies however, it 

meant that citizens could argue for the city and infrastructure they needed and were 

entitled to. This finding appeared to concur with Datta, who notes that for subaltern 

groups, ‘smart citizenship...cannot be seen through the binary lens of subject/citizen, 

but rather as an amorphous and dialectic identity..’ (2018: 408). Therefore, as new 

smart technologies enter into the informal settlements, and create new arrangements 

of power and publics, the notion of what a smart citizen is will also be reconfigured. 

As opposed to smart city efforts in the Global North where senior stakeholders often 

attempt to craft a neoliberal framing of the smart citizen, notions of smart citizenship 

in Nairobi’s informal settlements are being shaped by ongoing activity between 

citizens, tech companies and infrastructure providers, often unintentionally.   

6.10. Conclusion   

The integration of advanced ICTs - and their associated digital devices, platforms and 

data within the infrastructures of Nairobi's informal settlements - represents a 

manifestation of smart urbanism that involves multiple actors and artefacts. Drawing 
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from insights in urban political ecology and the notion of heterogeneous infrastructural 

configurations in particular (Lawhon et al., 2018), we found that the reconfiguration of 

infrastructures within informal settlements acts as both a representation of urban 

inequalities and a mode for addressing these. The notion of infrastructural 

reconfiguration exists not in isolation, but as part of incremental and insurgent 

practices performed to remake the city into a more equitable one. This paper sought 

to address a deficit in current understanding around the impact of smart urbanism 

and its manifestation within informal urban settlements, by examining how an ICT-led 

process impacted insurgent and incremental forms of urbanism, through its role in 

reconfiguring infrastructures. Furthermore, the paper also examined the implications 

of smart urbanism for notions of citizenship within informal urban settlements.   

The paper’s findings highlight that smart urbanism reduced opportunities for 

incremental performances through the smart technologies creating infrastructural 

f ixities and minimising labour agency.  Smart urbanism did however, create new 

avenues for insurgent urbanism within Nairobi’s informal settlements through the 

utilisation of data as leverage for infrastructural improvements and the new 

imaginaries of connection created from this. This reduction in incrementality and 

increase in insurgent opportunities through smart urbanism, however, did not exist in 

isolation. For notions of citizenship, the findings identified that smart urbanism created 

new digital publics where subaltern voices were given new legitimacy. Furthermore, 

whilst aspects of a ‘right to the city’ appeared dampened by smart urbanism’s 

manifestation, the findings did point to new conceptualisations of what a smart ci tizen 

is and in doing so, challenged the dominant, neoliberal framing.   

In the case of Nairobi’s informal settlements, incremental urbanism has been part of 

daily life for many, with the heterogeneous infrastructures of the everyday being 

adapted in order to match resource supply and demand. Smart urbanism however, 

creates temporal and material f ixes to infrastructures that have previously been fluid. 

Our evidence showed that the imbalance between fluid everyday realities and fixed 

infrastructures via the integration of smart technologies, meant that when problems 

emerged, these were now difficult for users to navigate. Incrementality had been 

reduced by smart urbanism and by removing human labour at various points within 

these infrastructures, agents for change were removed from these dynamic 

configurations. Despite this limitation on incrementality that smart urbanism caused, 

the new avenues of insurgent practices that emerged point towards future potential 

for the increasing ‘smartening’ of informal settlements globally. The integration of 

smart technologies within infrastructures created new opportunities for 

reconfiguration by allowing user groups to harness the data generated as a tool for 

leverage against resource suppliers and major infrastructure providers. Data, its 

understanding and presentation gave new powers to those who were able to wield it 

within infrastructural dynamics that had seen them with little control. This aspect of 

data leverage had allowed informal urban settlements to create new relationships with 

formal and external bodies, helping smooth infrastructural f luctuations that had 

previously hampered everyday activities within these areas.    

The findings of this paper do not point towards an endorsement of smart urbanism 

within informal settlements, nor was that the intention of our work. Instead, the paper 

asked questions regarding the impact of this digitally led socio-technical process on 
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two urban dynamics that are central within informal settlements, that of incrementality 

and insurgency. By further examining these findings within the context of smart 

urbanism’s impact on citizenship through its third research question, the paper 

provides novel contributions at the intersection of urban informality and ideas of the 

‘smart citizen’. Here, in the case of smart urbanism’s manifestation within Nairobi’s 

informal settlements, it resulted in a creation of new publics, as well as helping 

legitimise and strengthen calls for improved, safer or more efficient infrastructures. 

Although this facet of smart urbanism appeared still rooted in consumption, much like 

the dominant neoliberal framing of smart cities in the Global North, and appeared to 

even dampen certain calls towards an infrastructural ‘right to the city’,  new reflections 

emerged about what a smart citizen is. For subaltern groups, a lack of proprietary 

rights enabled an under-serving of necessary infrastructures from the state, resulting 

in the HICs present. Smart urbanism enabled trust to be reconfigured within these 

infrastructural reconfigurations, which resulted in smart citizens being created 

primarily from a necessity for points of infrastructures to connect, discuss and more 

openly share information with each other. The idea of a smart citizen building from an 

idea of establishing local trust, presents opportunities for a global rethinking of what 

smart citizenship could be.  

Smart urbanism and the rearrangement of infrastructural power inherent within it, 

provides challenges and opportunities for informal urban settlements. This paper’s 

f indings suggest that rather than formalising in any traditional sense the 

infrastructures of these areas, smart urbanism created alternative arrangements of 

power over infrastructural change. Echoing the findings of Guma (2019), smart 

urbanism can result in reducing aspects of infrastructural heterogeneity within 

Nairobi’s informal settlements and with this, it also limits opportunities for incremental 

actions to adjust urban infrastructure from the bottom up. However, the insurgent 

practices smart urbanism created are of significant importance, not only to the case 

of Nairobi, but globally. With increasing calls to reframe the position of informal 

settlements and the subaltern within demands for greater rights to the city, smart 

urbanism, if deployed and operated with those most disadvantaged at its heart, may 

offer opportunities to support these calls.    

Using the analytical lens of HICs (Lawhon et al., 2018), smart urbanism inherently 

pushes a 2D understanding of the city, which not only impacts everyday actions and 

flows, but also the urban policy that supports changes being made to areas such as 

informal urban settlements. Through smart urbanism, the infrastructural 

heterogeneity of informal settlements represents uncertainty and an element of  

chance, which causes tensions for an increasingly algorithmic approach taken to the 

management of cities(Kitchin et al., 2019).    

For many urban areas in the Global South, the ongoing focus towards creating 

smarter cities has often aligned with longer term visions for countries and their 

planned economic transformation (Watson 2014; Datta 2018). For these cities and 

others in the Global North, the integration of ICTs within the urban fabric, central 

within smart urbanism, has been predominantly led by private bodies, which results 

in greater privatisation of infrastructures and a removal of their control from public and 

state forces (Kitchin 2015c). As Cardullo and Kitchin (2019b) suggest, if smart 

urbanism is to truly benefit the majority rather than the minority, it requires an 
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examination of its consequences for citizenship. The third research question of the 

paper sought to address this issue and by reflecting on the impact of smart urbanism 

on notions of citizenship within Nairobi’s informal settlements, identif ied that there 

was a creation of a new public, a dampening of ‘rights to the city’ and creation of new 

framings of a smart citizen. The findings here should act as points of consideration 

for technology developers and policy makers alike when endeavouring to employ 

digital technologies to solve infrastructural challenges within informal settlements.   

In the context of the Global South, smart urbanism discourse has often been bundled 

up with notions of infrastructural leapfrogging. As echoed by others however (Silver 

2014b), the findings of this paper would suggest caution in positioning smart urbanism 

as a panacea for all cities and in particular, informal urban settlements. Smart 

urbanism, whilst providing solutions through technological fixes that often gain 

column inches within media, is accompanied with larger shifts in power, particularly 

around rights to adapt and own infrastructures. By answering the third research 

question around the consequences of smart urbanism for notions of citizenship, the 

paper addressed the need to understand the consequences of smart urbanism for 

citizenship globally, and not just within wealthy enclaves of the Global North. In 

answering this question, the paper identif ied that although smart urbanism created 

new publics and allowed technologies to be leveraged by communities, longer term 

control and ownership of the smart technologies will dictate whether a citizen 

focussed smart urbanism can materialise within informal settlements.  

Whilst the research has produced important findings, with consequences for a global 

understanding of smart urbanism, its limitations warrant examination. Firstly, the 

research is focussed on smart urbanism across a handful of informal settlements 

within one city, meaning direct translation of the findings to other urban environments 

may not work. Infrastructural arrangements of informal settlements are highly diverse, 

often comprising of human and physical components that are particular to their local 

environments. When this paper examines smart urbanism within Nairobi’s informal 

settlements therefore, one must consider whether these socio-technical artefacts are 

found elsewhere or how they may differ. The second limitation of the research is the 

time frame in which citizenship was examined. Within Kenya and other countries in 

the Global South,  major political shifts and their consequential impact on power 

dynamics, can led to sudden and sharp changes for people’s civic, political and social 

rights.  Examination of smart urbanism’s impact on citizenship for this paper was done 

so within a period of political uncertainty in Kenya, potentially skewing the findings. 

For any replication of the paper’s research approach, consideration must be given to 

the specific political and social context in which smart urbanism exists.   

Despite these limitations, the paper’s findings point towards possible future directions 

of research. Firstly, the paper suggests continued examination of the consequences 

of smart urbanism’s manifestation for facets of citizenship, with a particular focus on 

informality. As a prominent urban condition across the globe, informality continues to 

be tied with the integration and uptake of digital technologies, thereby warranting 

close examination about the consequence of this f or associated people and 

communities. A second research direction stemming from the paper is the utilisation 

of alternative conceptual approaches to understanding non-networked 

infrastructures. Here, the paper employed the notion of HICs, thereby enabling 
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examination to take into account the diverse array of socio-technical components that 

make up the infrastructures of informal areas and the lack of binaries that exist within 

these. Future research around smart urbanism, both in the Global North and South 

would benefit from following a similar approach. Doing so would allow understanding 

about smart urbanism to develop outside of the traditional, wealthier urban enclaves 

of the Global North.  

The smart technologies and informal urban settlements examined in this paper, whilst 

only representing a small selection of case studies of the intersection between ICTs 

and informality globally, provide windows of understanding around the complex 

dynamics of power inherent within the HICs of areas such as Kibera, Mathara and 

Mukru-kwa-Njenga in the Global South. The findings here represent just one 

examination of the intersection of informality and smart urbanism, that of 

infrastructural reconfiguration. In order to reframe the focus of ICT led urban 

discourses, the growing scholarship around smart urbanism in the Global South 

(Datta 2018; 2019) must continue to examine this intersection globally, across 

multiple urban profiles and networks of power that exist within these. In doing so, 

smart urbanism’s role in the transformation of urban informal settlements can be 

better understood. Furthermore, engagement with smart urbanism away from the 

traditional research locations of the Global North allows alternative explorations of 

citizenship, with ramifications for cities at a global scale. Informal urban settlements 

offer not just areas to explore smart urbanism, but areas that cities across the globe 

can learn from.   
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7.1. Outline 

In combination with other scholars working and researching at the burgeoning 

intersection of smart urbanism and informality, the thesis has added an valuable and 

timely contribution to a global understanding of this socio-technical process. The 

thesis and its empirical papers advance a critical understanding of smart urbanism in 

the Global South, whilst also furthering theoretical and conceptual approaches in 

examining this. With Datta (2019; 2020) leading work on the socio-psychological 

impact of smart urbanism in relation to low-income and informal areas of the Global 

South, Datta & Odendall (2019) focusing on related impact of policy and Guma 

(2019;2020) furthering debates about the smart city narrative and informality, this 

thesis and its research provides another component to this group by articulating the 

impact of smart urbanism on the heterogeneous infrastructures of informal 

settlements. The following chapter explores the key findings of the thesis before 

examining its contributions for associated fields of research, theory and policy. The 

chapter concludes by identifying multiple research priorities that have emerged from 

the thesis.  

 

7.2. Informality and smart urbanism: addressing the gap 

Despite discussions about wanting a global understanding of smart urbanism and the 

smart city, research around this has entirely failed to engage with the condition of 

informality. Furthermore, research exploring urban infrastructures associated with 

informality has yet to convincingly engage the consequences of ICT and data for 

these configurations and the people who rely on them. In this thesis I address these 

two gaps in our understanding and in the following section I identify the implications 

of the findings that have been generated.  

 

7.3. Key findings and why they matter 

At the start of the thesis, I posed three research questions which were structured to 

explore smart urbanism’s manifestation within informal settlements and at a 

technological, data and societal level. Focusing on Nairobi, Kenya as the site for the 

research, these questions were each responded to by a corresponding empirical 

paper (chapters 4, 5 & 6).  

 

7.3.1. Smart technologies reconfigure trust and smooth 

infrastructural uncertainty 

Smart technologies continue to be integrated within urban infrastructures across the 

globe. One group of these smart technologies, those belonging to the Internet of 

Things (IoT), have brought about numerous efficiencies. Despite traditional 

examination of IoT’s integration focussing on wealthier areas of cities in the Global 
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North, informal urban settlements have continued to see the embedding of these 

technologies within their infrastructural configurations (Garrity 2015). Entering into the 

infrastructural configurations of informal settlements however, IoT technologies 

engage with dynamics markedly different from their traditional sites of research 

attention in wealthier urban enclaves. There has therefore, remained a gap in smart 

urbanism research about how smart technologies, such as those of the IoT, were 

being integrated within the infrastructures of informal settlements and with what 

consequences. This thesis addressed this gap, examining the impact of IoT 

technologies’ integration within the infrastructures of Nairobi’s informal settlements.  

The thesis identif ied that the integration of IoT technologies within the infrastructures 

of Nairobi’s informal settlements smoothed out some of the associated everyday 

fluctuations and uncertainty, factors that had compounded infrastructural challenges 

in these areas. The integration and usage of these technologies meant information 

could be shared between stakeholders, resulting in a reconfiguration of trust within 

the various infrastructural configurations. The information generated by IoT 

technologies enabled a two-way flow of credibility, reliability and aspects of intimacy 

between infrastructural stakeholders in Nairobi’s informal settlements. The new flows 

meant users could trust that suppliers were acting honestly, resources were safe and 

infrastructures were working properly. Furthermore, suppliers and infrastructure 

operators could trust users to pay on time and be confident they would maintain 

infrastructural artefacts, such as the IoT-enabled LPG gas cylinders. Through the 

installation of IoT technologies, users assumed greater control over their everyday 

activities and were able to increase personal economies, often extending their 

working hours due to the new infrastructural certainties offered (Chapter 4) .  

These findings about how IoT technologies helped reconfigure trust and smooth 

infrastructural uncertainty within Nairobi’s informal settlements have significance for 

how we understand both smart urbanism and digitally mediated urban environments. 

For informal settlements in the Global South, uncertainty is part of everyday life 

(Zeiderman et al., 2015) and has economic, social, political and even environmental 

consequences. Uncertainty in one aspect of the everyday can further uncertainty in 

another, and, in the case of Nairobi’s informal urban settlements, infrastructural 

uncertainty would often further economic uncertainty. As identif ied in the empirical 

papers of the thesis, smart technologies have given people vital information, allowing 

communities to better understand, navigate and manage this infrastructural 

uncertainty. When considering the implications of smart technologies at a global level 

therefore, the findings here stress the need to think beyond their immediate impacts 

and instead, to explore some of their social and psychological consequences. The 

findings of the thesis around IoT technologies also point towards the need for a critical 

understanding of smart urbanism to engage with alternatives modes of development, 

ownership and management of smart technologies within infrastructures. Within 

research on smart urbanism, such as the global community advancing a critical 

understanding of it (Guma 2019; Datta 2018;2019; Luque-Ayala & Marvin 2015; 

Kitchin 2014) we need to think further about the long term legacies of these different 

modes and their impact on the communities which rely on such technologies. Another 

implication of these findings is how they point towards rethinking African urban theory 

in light of smart urbanism’s manifestation. In cities such as Nairobi, everyday urban 
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experiences are increasingly mediated by digital technologies, often within informal 

settlements. These areas therefore, should not be seen as sites of exception when it 

comes to technological deployment, but as sites of learning around how African cities 

are reconfiguring through ICT. If smart technologies are left critically unaddressed or 

fail to be investigated properly, it runs the risk of these tools of significant power 

reconfiguration being the responsibility of top-down, private forces. Rethinking the 

role of ICT in African cites is important for scholars working to radically rethink urban 

theory in Africa and the Global South more broadly (Myers 2011; Lawhon et al., 2014; 

Robinson 2016; Schindler 2017). A final implication of these findings is how cities 

across the globe think about future infrastructural scenarios. With  

 For many urban areas, decentralised infrastructures are key in aspirations for 

bottom-up, grassroot and citizen-led visions of a sustainable smart city (Kitchin 2014). 

This thesis has identif ied how informal urban settlements are important sites for 

learning about the challenges and consequences of ICT’s integration within 

decentralised infrastructural configurations. By identifying how trust is reconfigured 

through smart urbanism and how data platforms change infrastructural relationships, 

the thesis highlights and the stresses the need to share such learnings for a global 

understanding of decentralisation.     

 

7.3.2. Digital platforms navigate infrastructural fluidity but 

cause fixities 

Ongoing integration of  ICT within the fabric of cities has spurred a reliance on both 

digital technologies and data for how we experience, navigate and manage these 

urban environments. Whilst the role of data in shaping cities has been looked at 

through the notion of platform urbanism (van der Graaf & Ballon 2019), this has 

primarily focussed on wealthier urban enclaves of cities in the Global North. As this 

thesis has identif ied however, ongoing integration of smart technologies within the 

infrastructures of informal urban settlements has meant that digital platforms have 

become key for how many people understand, access and monitor resources in these 

areas. There had remained therefore, gaps in our understanding about the impact of 

digital platforms and their data on informal urban settlements and their infrastructures. 

This thesis addressed this gap, examining the consequences of digital platforms on 

the infrastructures of Nairobi’s informal settlements. The empirical paper in Chapter 

5 has provided new insights into the impact of platform urbanism as regards to urban 

informality and in doing so, contributing to wider critical work in this field  (van der 

Graaf & Ballon 2019). 

The findings of the thesis identify that the integration of digital platforms within the 

water and LPG infrastructures of Nairobi’s informal settlements, created new points 

of control for multiple stakeholders. These digital platforms and the data within them, 

made resource flows within the informal settlements more visible to urban 

management. Where these digital platforms were being designed with an awareness 

of the everyday infrastructural realities associated with urban informality, it appeared 

they were able to accommodate the disruptions and fluid nature of infrastructures. 

This awareness was evidenced by a reluctance to fix platforms to specific 
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infrastructural states, thereby accommodating the notion of fluid infrastructural 

binaries and the likelihood of bottom-up reconfiguration of infrastructures. The 

findings also suggested that the digital platforms offered greater agency, 

understanding and engagement between stakeholders about the infrastructural 

realities of informal settlements and in doing so, created new futures of possibilities 

for communities in these areas. Furthermore, users and small scale operators using 

the digital platforms, demonstrated an ability to enact infrastructural change by 

harnessing the power of data and using it as leverage against infrastructure providers 

and government agencies. This notion of data leveraging allowed residents within 

informal urban settlements to have conversations with infrastructure providers that 

could now be backed up with evidence, thereby helping point towards the need for 

improved infrastructural services. The findings did, however, show that digital 

platforms created fixities within the infrastructures in which they were implemented, 

subsequently causing a disjuncture with the fluid temporalities of everyday life. For 

the operators of the digital platforms, creating fixities was essential to enable 

efficiency within the infrastructures. To use the digital platforms, however, residents 

of informal settlements needed to invest both their time and finances to extract these 

efficiencies, thereby creating fixities within their daily temporalities. For many living 

within informal settlements, everyday life and the associated temporalities are highly 

fluid and when digital platforms such as these create fixities, it caused disruption, 

change and challenges for some users.  

These findings about the consequences of digital platforms for infrastructures within 

informal settlements and their stakeholders, have important implications. With efforts 

from Nairobi City Council to develop homogenised, networked infrastructures and to 

drive out aspects of heterogeneity within informal settlements (Guma et al., 2019), 

the digital platforms examined here may be the types of tools used but could also be 

artefacts of tension. Depending on their design, management and ownership, digital 

platforms have the potential to both spur homogenisation of HICs whilst also providing 

avenues to support heterogeneity by allowing communities to leverage data. This is 

an important consideration in discussions about smart urbanism in the Global South 

and the role of ICT and data in urban change. Another implication of the findings, is 

how we conceptualise fixities and fluctuations within informal urbanism. Whilst 

resource and infrastructural f luctuations cause numerous challenges for informal 

urban settlements, communities within these have established a range of strategies 

to overcome them when they emerge. Digital platforms however, can create temporal 

and financial f ixities within these fluid systems, thereby resulting in challenges for 

users when they would historically, be able to adapt. Whilst the findings do not argue 

that infrastructural f ixity and certainty should not be an end goal for informal urban 

settlements, it suggests greater consideration must go into how technological 

interventions impact systems of resource provision characterised by flux and change.  

The findings have additional implications for the notion of HICs (Lawhon et al., 2018), 

the analytical approach for understanding infrastructures throughout the thesis. As 

the findings show, digital platforms and the new aggregations of data they enable, 

represent powerful tools for potentially homogenising infrastructures. Analytical 

approaches such as HICs are essential for developing a critical understanding of 

smart urbanism that takes into account the realities of informal urban settlements in 



   
 

158 
 

the Global South. Had a static and top-down understanding of infrastructural 

configurations been used instead, it may have overlooked the nuances around flux 

and change within informal urban settlements. Cities in the Global South face 

tensions about the desire to homogenise and ‘modernise’ infrastructures (Graham 

and Marvin 2002) whilst simultaneously acknowledging that heterogeneous 

configurations are necessary for supporting the vital populations of informal urban 

settlements (Wiig & Silver 2019). The findings in this thesis suggest that whilst there 

are opportunities for digital platforms to support the heterogeneity within informal 

settlements, the fixes they may create over the short or long term must be properly  

understood when evaluating their success.   

 

7.3.3. Smart urbanism limits opportunities for incremental 

urbanism whilst also opening up avenues for insurgent 

actions 

Developing a critical understanding of smart urbanism requires more than reviewing 

it at a technological or data level. Instead, smart urbanism must be examined in 

relation to its consequences for the processes that create cities (Cardullo & Kitchin 

2019b). There remains a significant lack of understanding about the consequences 

of smart urbanism for informal urban processes and societal components tied to this. 

In wanting to develop a critical understanding of smart urbanism at a holistic level and 

to address this gap in knowledge, this thesis sought to explore how smart urbanism 

challenged or reinforced the dynamics of Nairobi’s informal urban settlements and 

with what consequences.  

The findings of the thesis suggest that smart urbanism limits notions of incremental 

urbanism. Through the integration of IoT technologies and the data platforms resulting 

from this, both users and operators within Nairobi’s informal settlements noted these 

limited opportunities for incremental adjustment of infrastructures. Although many 

identif ied this lack of incrementality as a worthwhile price to pay for resource 

assurances, others regarded it an annoyance being unable to make changes to 

infrastructures to suit their needs. Smart urbanism’s manifestation within Nairobi’s 

informal settlements resulted in the creation of new observers within infrastructural 

configurations. Through real-time data, both infrastructure and technology owners 

were able to monitor various components of the configurations and identify any 

changes. Furthermore, by limiting human agency within the infrastructural 

configurations, such as removing the need for human labour at certain points, smart 

urbanism limited incremental urbanism by taking away these key factors of knowledge 

exchange and creators of change within the various infrastructural 

configurations. The findings did suggest, however, smart urbanism was opening up 

new avenues for insurgent urbanism within Nairobi’s informal urban settlements. 

Insurgent practices were most evident through the notion of data leveraging in which 

domestic users, communities and infrastructure operators were able to harness the 

data available and use it as a tool against resource suppliers and major infrastructure 

providers. By having data available to them, and through partnership with technology 

providers about how to interpret and present data, groups were able to create new 
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relationships with formal and external bodies and in doing so, smooth infrastructural 

f luctuations in these areas.   

The thesis identif ies that by impacting the insurgent and incremental processes of 

informal settlements, smart urbanism creates alternative framings for citizenship and 

the postcolonial ‘smart citizen’.  Smart urbanism produced new networks and 

connections between humans and infrastructural artefacts, which reconfigured 

previous networks and spurred shifts in current dynamics of power. The impact of this 

power reconfiguration however, is not limited solely to the physical engagements of 

infrastructures, but directly contests and challenges current framings of citizenship, 

as demonstrated in this thesis within Nairobi’s informal settlements by creating new 

spaces for engagement (Chapter 6).  Smart urbanism within Nairobi’s informal 

settlements also had consequences for citizenship and how it is performed. By 

creating new digital spaces in which complaints, queries and requests could be 

shared by users, smart urbanism in the physical space of Nairobi’s informal 

settlements created new urban publics in an associated digital space. These new 

‘digital’ publics enabled a sense of connection between users, infrastructure providers 

and the government, which also spurred new imaginaries of connection between 

areas in the city.  Smart urbanism in Nairobi’s informal settlements did however, 

appear to equally alter the agency of citizens and dampen certain calls towards a right 

to the city. This dampening was evidenced by smart urbanism removing the right to 

remake and appropriate the urban environment by establishing new points of control 

by the various technologies being integrated. There was also concern that by 

adopting digital technologies to improve the heterogeneous infrastructural 

configurations in the present, any connection to networked and more ‘formal’ 

infrastructures was being moved further down the line.  

These findings, that of how smart urbanism limits incrementalism within informal 

settlements whilst also generating avenues for insurgent urbanism, have implications 

for wider understanding about this socio-technical process. As the findings show, the 

integration of smart technologies within previously splintered infrastructural 

arrangements caused a re-establishment of trust, respect and connection within 

various configurations in Nairobi’s informal settlements (Chapter 4). With global  

efforts to centre citizenship within any bottom-up developments of the smart city, any 

plans must consider how these will destablilse the everyday incrementalism within 

informal urban settlements. Furthermore, with drives from a critical smart urbanism 

research to explore and understand alternative conceptualisations of what a smart 

citizen is or could be (Cardullo & Kitchin 2019b), these findings would suggest that 

informal urban settlements offer opportunities to understand smart citizenship from a 

rarely attended to position.  Here, users are less reliant on smart urbanism to offer 

greater choice and on-demand services, as is often the case in the Global North, but 

instead, actively engage with the new digital-physical spaces created to improve their 

everyday infrastructural engagements. As the findings suggested however, smart 

citizenship and any advances on a ‘right to the city’ can work in opposing ways. Whilst 

the smart citizen within Nairobi’s informal settlements was one harnessing ICT to 

access safer and more efficient infrastructures, their rights towards appropriating or 

reconfiguring their urban environments were being reduced, given the new observers 

and points of external control created by the implementation of smart technologies. 
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Future efforts towards developing smart urbanism within informal settlements must 

take this tension into account and will need to balance the benefits of immediate 

infrastructural improvement with the daily acts of reconfiguration that allow the 

populations of these areas to survive.   

7.3.4  Situating Smart Urbanism in its local context 

As this thesis has identif ied, smart urbanism’s manifestation in Nairobi has not been 

through one single top-down led initiative. Instead, smaller arrangements of 

technologies, processes and people have contributed to an ever growing and present 

aspect of smart urbanism, one that occurs across many informal settlements in 

Nairobi. Whilst the thesis explicitly focussed on examining the relations and practices 

associated with smart urbanism in Nairobi’s informal settlements, it is important to 

reflect on the findings in relation to these places from which they emerged. The three 

empirical papers (Chapters 4, 5 and 6) were developed from an examination of smart 

technologies and data platforms across multiple informal settlements in Nairobi 

namely Kibera, Mathare, Mukru Kwa Njenga and Athi River (Mlolongo), settlements 

with unique characteristics and histories that will shape smart urbanism’s 

manifestation and impact.  

For the Maji Wazi project (Chapter 6) that ran in Mathare, the political tensions and 

aspects of criminality of the slum influenced not only how the technology was 

developed, but how it was used and its impact. Ethno-political tensions between the 

people of Mathare, the police and the government had resulted in frequent clashes 

or protests regarding water rationing (Ndemo 2020). Maji Wazi however, was able to 

help quell some of these physical eruptions of frustration by enabling its digital 

interface to support conversations between stakeholders and larger infrastructure 

providers such as NWSC. In addition, crime rates and a threat of damage to the 

technology in Mathare had meant that when Maji Wazi was developed by the United 

Nations and Siemens, the developers needed to establish links with local leaders and 

groups to safely store the equipment. In doing so, this process helped tie together 

technology developers and local communities in new ways. The ethno-political 

tensions that shape Mathare, coupled with its unique history and geographies, 

shaped the Maji Wazi project and its success on the ground. 

At the time of the research, the LPG smart metering device by Paygo energy was 

predominantly distributed within Mukuru and its surrounding area. The offices for 

Paygo were located in the industrial area on the edge of the Mukuru slums, with an 

additional site office located at the heart of the informal settlement at the Ruben 

Centre. By having Paygo’s headquarters and operational arm at the heart of Mukuru, 

they were able to establish strong relationships with the local community and key 

stakeholders within this. As a consequence of Paygo’s location, directed by Mukuru’s 

industrial borders and the organisation’s desire to be located close to the site of 

device rollout, it meant this aspect of smart urbanism was one rooted in a close 

relationship between technology developers, infrastructure providers, activists and 

community leaders. The organisation had developed strong links with the village 

chief, local schools and informal infrastructure providers, which enabled a greater 

success of their operations in the area. Had this technology been deployed in another 

informal settlement in Nairobi without the initial embedding of the organisation’s 
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operations into the local area, there may have not been the same level of success. 

Mukuru’s unique geographic location next to industrial heartlands of Nairobi, plus its 

energy infrastructure challenges, meant Paygo was able to tap into unmet demand 

and was able to harness the local infrastructure around it to do so. Another 

sociological insight to emerge from the thesis’s research in Mukuru, was the tension 

between migration and smart urbanism. As noted in Chapter 4 and 5, when users of 

the Paygo smart technology were unable to take this with them back to their rural 

homes, they expressed their annoyance about this with the company. Mukuru, as with 

other informal settlements in Nairobi, experiences cyclical mass movements of 

people when they return home to rural areas for a short while, before coming back 

when work is available (Beguy et al., 2010). Smart urbanism, represented here by 

Paygo’s LPG smart meter, was not able to fully accommodate this. In other informal 

settlements where populations might be more stable and fixed, smart urbanism might 

therefore, have greater success.  

When examining the impact of Mobitech and their smart water meter, the research 

for the thesis focussed on its deployment within Kibera. As noted in the introduction 

of the thesis, Kibera has received significant amounts of media and NGO attention 

over the recent decades and whilst carried out with the best intentions, inadequate 

project management from external stakeholders to the area had resulted in frayed 

relationships with Kibera’s community and outsiders. For Mobitech, they had to 

contend with this characteristic of Kibera, an area oversaturated and somewhat 

overburdened by NGO efforts. As Chapter 4 shows, the legacy of fleeting NGO 

projects meant many people in Kibera were initially reluctant to work with Mobitech 

or were suspicious about the reasons behind their activities. Questions often centred 

on whether Mobitech was linked to political parties and what were the nature of its 

motives. To counter this, Mobitech had to spend large periods of time building up 

relationships with local community groups in Kibera, which, whilst delaying its project, 

helped its success in the longer term. Whilst other informal settlements in Nairobi are 

the focus of other NGO and charitable efforts, few have yet to match the attention 

Kibera has received. This aspect of oversaturation from external actors is not unique 

to Kibera, with other informal settlements in Nairobi facing the same issue, but its 

frequency and historical extent directly impacted how Mobitech’s smart technology 

was deployed, its success and in turn, how smart urbanism manifested in the area.  

Although the Grundfos Lifelink AQTap had been rolled out across various locations 

in East Africa, the thesis examined its rollout and impact within Athi River (Mlolongo). 

As noted in the thesis’s introduction, although Mlolongo suffers from many of the 

similar water infrastructure challenges that other informal settlements in Nairobi face, 

its proximity to Athi River and the transport adjacent to it mean it is infrastructurally 

better served than other slums. For the AQTap technology therefore, it benefitted 

from the limited but pre-existing infrastructural arrangements in Mlolongo as opposed 

to whether it was deployed in an informal settlement that lacked such infrastructure 

connections. In addition, with Grundfos backing the project, having a large 

international organisation backing AQTap meant its deployment gained increased 

media and government attention. With Athi River being a proposed site for the 

development of over 100,000 affordable housing units in the coming years (Kieti 

2020), the success of the AQTap in the area, combined with its ability to solve short-
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term infrastructural challenges may have contributed to the increased attention it 

received from government stakeholders in the local area. 

This section has identif ied how smart urbanism’s manifestation across Nairobi was 

shaped by the geographies of the city’s informal settlements and their particular 

nuances. It is, however, important to reflect on what these findings mean for the 

geographies that exist beyond Nairobi and Kenya. For informal settlements outside 

of Nairobi in the Global South, whilst the material and physical characteristics of 

these areas may differ to those in Nairobi, such as Kibera and Mukuru, they often 

share similar everyday challenges and processes. With many informal settlements 

in the Global South are already evidencing aspects of smart urbanism (see sections 

1.11 & 1.12), the findings of the thesis could be found elsewhere if the research was 

to be replicated. As this section identif ies however, there are certain factors that 

influenced the scale and extent of smart urbanism within Nairobi and its informal 

settlements. Firstly, the innovation and technology ecosystem of Nairobi provided 

the appropriate regulatory and socio-technical frameworks for smart urbanism to 

manifest itself. Secondly, government support for technology startups combined 

with supportive policy enabled companies to be able to operate and develop their 

operations. Thirdly, young, highly skilled Kenyan engineers, technicians and 

software developers who wanted to work within informal settlements were critical to 

the success of the different smart urbanism case studies and without this, the 

manifestation of smart urbanism might have looked very different. Whilst these 

different factors are not all unique to Nairobi and its informal settlements, they were 

just some of the various elements shaping its manifestation. This means therefore, it 

could be possible that this thesis and its findings are not replicable elsewhere, as it 

depends on the different socio, economic, cultural and technical factors that 

underpin any manifestation of smart urbanism.  

 

As this section and the empirical chapters of the thesis identify, a top-down focus on 

either the examination or development of smart urbanism overlooks the ways this 

socio-technical process emerges as a collection of smaller, individual alterations to 

infrastructure, rather than one larger, corporate-driven effort. In Nairobi’s informal 

settlement, technology developers, infrastructure providers, NGOs and other 

stakeholders worked in different arrangements to improve infrastructures through 

the integration of smart technologies. How smart urbanism manifests in other cities, 

however, might be very different to Nairobi and would depend on which 

stakeholders are leading the integration of technologies within the urban fabric and 

how they work with each other. For example, were smart urbanism in another city to 

be predominantly driven by private organisations or alternatively, by the efforts of 

public bodies, its manifestation might look very different to what has emerged in 

Nairobi. Secondly, if the social components of smart urbanism’s manifestation are 

incorporated into critical analysis of its manifestation, parallels may be drawn 

between its development in Nairobi’s informal settlements and wealthier, formal 

areas of cities in the Global North. 

 

As the findings of the thesis identified, political tensions, local politics and corruption 

all shaped smart urbanism and its impact on populations within Nairobi’s informal  

settlements. Whilst the manner in which these aspects present themselves may 
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seem different to a reader in the Global North, cities such as Manchester, New York 

and Paris are not without similar issues. As the capabilities and diffusion of smart 

technologies continue, these undoubtedly shape balances of power within cities. In 

Nairobi’s informal settlements, smart technologies were able to create new channels 

for discussion between stakeholders and influence how people felt connected to 

their city. As Cardullo & Kitchin (2019) note, smart urbanism efforts to increase 

citizen empowerment in the Global North now focus on efforts such as living labs, 

citizen-science and open source software. It could be argued therefore, that these 

elements of smart urbanism in the Global North, whilst manifesting in contrasting 

ways and tackling different issues to Nairobi, are underpinned by the same desire to 

increase citizen engagement, further social cohesion and generate urban 

efficiencies. 

 

7.4. Contributions 

By addressing gaps in understanding about smart urbanism’s manifestation within 

informal settlements the thesis has contributed multiple findings across a range of 

fields. In doing so, the thesis has contributed to several discussions and areas of 

research.  

 

7.4.1. Digital’s role in urban informality 

For many cities in the Global South, the act of urban reconfiguration plays out through 

countless everyday infrastructural interactions of informal settlements (Silver 2014; 

Coutard & Rutherford 2015). There remains however, a need to better understand 

the links between this bottom-up reconfiguration within informal settlements and how 

urban change is discussed at a broader and global level (Luque-Ayala 2014). With 

ICT continuing to be integrated within countless urban environments, understanding 

the impact of this playing out within informal settlements is important to understanding 

both the longer term future of these areas and the wider changes to the cities in which 

they exist. 

In this thesis, I have identif ied that smart urbanism’s manifestation within Nairobi’s 

informal settlements directly impacts how people within these communities engage 

with and reconfigure their everyday infrastructures. Whether it is smart technology’s 

ability to reconfigure trust within infrastructural configurations (Chapter 4), the role of 

data platforms in creating fixities (Chapter 5) or how smart urbanism reduces 

opportunities for incrementalism (Chapter 6), the thesis demonstrates that smart 

urbanism directly impacts how, and in what ways, informal urban settlement 

communities shape their environments.  

I would argue that it is most likely that any future reconfiguration of infrastructures of 

informal urban settlements will involve the integration of ICT to some degree. Whether 

led by public or private bodies, the digitisation of these infrastructures will be part 

instrumental in changing not just how resources flow into, within and out of informal 

settlements, but how these areas become shaped. As shown by the adoption of a 
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critical understanding of smart urbanism in this thesis, it is therefore vitally important 

to understand how power becomes altered or reinforced through ICT’s integration into 

the infrastructures of informal settlements. The thesis demonstrates that if harnessed 

by citizens and developed within the situated realities of informal urban settlements, 

the integration of ICT within the urban fabric of these areas can provide new 

opportunities for infrastructural justice. With ongoing interest and investment in smart 

urbanism from both private and public bodies, it is imperative to maintain an holistic 

and global understanding of this process.  If smart urbanism is to become more than 

just a tool wielded by the powerful and instead, become something that can be 

harnessed to achieve urban sustainability goals  and advance a ‘right to the city’ 

rather than erode it, a holistic understanding of the process is essential. This thesis 

provides one approach to develop this holistic understanding and in doing so, adds 

insights about the socio-material reconfiguration of smart urbanism to debates on 

developing citizen focussed smart cities as well as the role of ICT within notions of 

urban informality. The approach of the thesis was used due to its ability to push 

research on smart urbanism in new directions and into new geographical fields.  

 Many of the users spoken with during the research identif ied that infrastructural 

reconfiguration played an important part in their lives; helping them adjust to new 

constraints, tensions and changes in their everyday lives. For them, ICT’s integration 

gave them greater immediate agency around controlling resources, guaranteeing 

greater certainty and improving trust, but limited the opportunities for any direct 

reconfiguration of their everyday environments when they wanted to access 

resources outside of the various smart technologies. I would argue however, that if 

smart urbanism continues to manifest within informal settlements, reconfiguration 

may not take the form of small, incremental adjustments. As shown in Chapter 6, 

digitally enabled reconfiguration may be possible from the bottom-up, but it will take 

the form of leveraging the power of technology and data to call for better, safer and 

more reliable infrastructures from private or state providers. As this research has 

shown, infrastructure providers often found that everyday infrastructural 

reconfiguration within informal settlements caused reluctance from them to invest but 

a desire to have greater understanding of the flows within these areas. Whilst Guma 

et al., (2019) and Guma (2019) have also examined smart technologies within 

Nairobi’s informal settlements, I have added to this work by explicitly  engaging with 

the dynamics of informality that shape the success or failure of any digital integration 

in these areas. I have also shown that smart urbanism meant infrastructure providers 

were able to limit reconfiguration and provide new points of control and understanding 

in Nairobi (Chapter 6). For infrastructure providers therefore, smart urbanism may 

provide a useful tool in limiting the reconfiguration that has hampered investment.  

As I have shown throughout the thesis, smart urbanism represents a direct challenge 

to aspects of bottom-up infrastructural reconfiguration, something inherent within the 

condition of informality. What is likely however, is that digitally enabled reconfiguration 

will become increasingly likely as informal urban settlement communities begin to 

engage further with ICT and to harness this, as they have done with other 

infrastructures throughout history. This notion of digitally enabled reconfiguration, 

whether from top-down or bottom-up forces, does however, have important 
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considerations for policy associated with informality, commonly, efforts associated 

with ‘slum upgrading programmes’.   

With a rapidly expanding urban population and limited opportunities for people to 

access adequate housing, informal settlements, such as those within Nairobi, have 

grown rapidly during the last few decades Since the turn of the millennium however, 

‘slum upgrading projects/programmes’ such as the Kenya Slum Upgrading 

Programme (KENSUP) have brought together state and NGO groups to improve the 

living conditions of people within the city’s informal settlements within the city. 

Traditionally, these upgrading programmes have been topdown, state-led efforts, but 

they lack the situated understanding about everyday realities within informal 

settlements or insights as to how bottom-up approaches could benefit these areas. 

Increasingly however, hybrid and community-based approaches towards slum 

upgrading are taking shape, bringing together a range of stakeholders to deliver 

programmes that attempt to improve the lives of people within informal urban 

settlements. Within these discussions and associated policy efforts however, smart 

urbanism is rarely attended to. Within many slum upgrading programmes at present, 

there often remains a focus on specific technological artefacts and pre-fixed 

infrastructural outcomes. The findings of this thesis suggest there is an urgent need 

to directly engage slum upgrading policy and associated research with smart 

urbanism and the notions of digitally enabled reconfiguration. As the papers of the 

thesis have shown, smart urbanism can support processes of data leveraging 

(Chapter 4 & 5) as well as opening up avenues of insurgent urbanism (Chapter 6). 

Slum upgrading programmes and policy need to critically engage with these aspects 

in order to better create citizen-centric visions of infrastructural change within these 

areas.  

For slum upgrading programmes, improving infrastructures is often a central focus 

but pre-existing inequalities and imbalances in power between elites, landlords and 

tenants can result in any planned social transformation being limited. Whilst this thesis 

does not suggest smart urbanism and the inclusion of technologies such as the 

Internet of Things should be the sole focus of any slum upgrading programme, 

digitally enabled reconfiguration of informality can help support efforts that seek to 

address the imbalances of power that unequal infrastructure access can create. 

Rather than seeing smart urbanism as an end goal for slum upgrading, policy should 

focus on building the social components inherent within a citizen-focussed form of 

smart urbanism such as improving infrastructural access, data leveraging and 

reconfiguring trust.  

Within international efforts to harness ICT for development, there needs to be a 

greater situated understanding about how digital technologies impact the vital acts of 

reconfiguration that support informal settlement communities. For Sustainable 

Development Goal 9, which focuses on industries, innovation and infrastructure, 

access to safe and affordable digital technologies are seen as playing an important 

role (Herbert 2017). Therefore, policy that responds to this goal must make a 

concerted effort to develop a holistic understanding about any planned ICT integration 

in order to make sure its benefits are best harnessed and its negative impacts limited. 

Being able to adjust urban environments has allowed informal settlement 

communities to adapt to and overcome a range of challenges. Therefore, we should 
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not grant universal acceptance of any ICT technology and must instead, develop 

situated understanding about its impacts for informal settlement communities 

globally. 

 

7.4.2. Understanding power in smart urbanism and urban 

informality 

In Chapter 1.7, I identif ied that whilst discussions of power are increasingly frequent 

within smart urbanism research, there remains little in the way of critical examination 

of what this power constitutes and its consequences (Krivý 2018). Furthermore, with 

little research into the consequences of smart urbanism for the condition of urban 

informality, the thesis needed to harness a critical lens that could suitably unpick how 

power is understood at the intersection of smartness and informality.  Whilst SUPE 

provided an appropriate theoretical framework to understand the diffuse nature of 

power represented and enacted through everyday infrastructural interactions, its lack 

of theoretical direction to explore power may have limited the research. To address 

this issue, the thesis drew from Foucault and three of his modalities of power; 

disciplinary, sovereign and biopower. Due to the aim and scope of the research, the 

thesis did not set out to explicitly examine Foucault’s modalities of power within smart 

urbanism’s manifestation in informal urban settlements. Despite this however, 

reflecting here on Foucault’s modalities in light of the thesis’s findings, enables 

valuable insights to emerge. 

The first reflection of the thesis’s findings in relation to Foucault’s modalities of power 

is that of how smart urbanism’s impact on infrastructural heterogeneity has additional 

consequences for hegemonic power. In the thesis, smart urbanism’s support for 

hegemonic power can be seen in how it helps maintain global hegemonic power 

through suppressing or eliminating aspects of informality. Informal infrastructural 

arrangements can block or disturb circulations of capital and the uncertainty within 

informality can create fractures in hegemonic power (McFarlane et al., 2017). Smart 

urbanism, therefore, can play an important role in supporting hegemonic power by 

forcing informal urban infrastructures to become part of the modern infrastructural 

ideal of networked, homogeneous infrastructural systems (Datta 2018; Guma 2019; 

Odendall & Aurigi 2020). Smart urbanism, in tandem with other financial agreements 

through the IMF and World Bank, enables countries such as Kenya to enter into global 

circulations of capital, ones which are rooted in an unequal exploitation of the Global 

South’s resources. During the British colonial period of Kenya, infrastructure went 

hand in hand with acts of sovereign power, whereby these networks were used to 

simultaneously extract wealth from the country, whilst also being used as a tool to 

control and discipline its citizens (Graham et al., 2015). Now however, the ongoing 

integration of Western companies such as Siemens into the smart infrastructural 

networks of Nairobi’s informal settlements, can also be seen as helping maintain 

hegemonic power. Rather than working through observable forms of brute force, as 

seen during the colonial period, smart urbanism can support hegemonic power, 

bringing informal areas of Nairobi into new circulations of capital and eliminating 

infrastructural heterogeneity within these. Furthermore, with hegemony increasingly 
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framed as existing through the multinational arrangements within the dominant global 

fossil fuel industry (Muradian et al., 2012), smart urbanism in Nairobi’s informal 

settlements can be viewed as helping support this hegemonic power structure. During 

the research, key stakeholders in the oil, gas and energy industries noted an 

excitement about the development of smart urbanism within Nairobi’s informal 

settlements (see Chapter 5.6), as this would enable them to better understand, map 

and enter into these little-understood networks of capital within informal settlements. 

The new networks and connections created by smart urbanism therefore, help shore 

the hegemony of the fossil fuel industry as well as continuing to contribute to ongoing 

global warming.  

A second reflection on Foucault’s modalities of power and smart urbanism is how 

biopower plays an explanatory role towards understanding the impact of smart 

urbanism on the (re)configuration of Nairob i’s informal settlements and their 

infrastructures.  For Foucault (1990), biopower sees the body as a machine, one 

made efficient through discipline, optimisation and ordering. Furthermore, 

increasingly efficient bodies act as cogs within top-down efforts to create ever more 

efficient societies. As noted in Chapters 4 & 5, multiple stakeholders involved with 

smart urbanism in Nairobi’s informal settlements indicated the benefits of smart 

technologies and data platforms in helping reduce or eliminate the previous 

inefficiencies of these areas and their infrastructure. These statements were matched 

by those from the Kenyan government who noted the need for open data policies and 

increased data capture around the country, and how these can lead to a smarter and  

more accountable government, economy and society (see Chapter 5.3). By targeting 

transparency and efficiency through harnessing the smart urbanism narrative, 

governments enact forms of biopower, reframing the city as a machine and the bodies 

of people as nodes which need to be recorded to maximise efficiency (Sadowski & 

Pasquale 2015). Until recently however, it was diff icult to integrate Nairobi’s informal 

settlements and their communities into calculations aiming to increase urban 

efficiencies due to a lack of information about the people, processes and flows within 

these areas (Guma 2019). Now however, smart urbanism’s proliferation within 

Nairobi’s informal settlements meant new digital-citizen-nodes were emerging and in 

doing so, bringing these portions of society into the reach of forms of biopower. 

Biopower was also present in the integration of socio-psychological components into 

smart urbanism’s related consumption processes. Consumption loyalty and trust 

were rewarded by increased benefits to both infrastructure consumers and providers, 

which introduces an element of gamification to everyday urban life (Chapters 4 and 

5). As Vanolo (2018) suggests, the gamification of everyday urban processes by 

smart urbanism represents forms of biopower by blurring the boundaries between 

work, place, production and consumption. Although only displayed to a small extent, 

biopower within Nairobi’s informal settlements was also present in the ongoing 

digitisation of the human body of these areas. Increasingly, elements such as 

biometrics and data generated by natural movements of the body have entered 

discussions of informality and urban infrastructure. As noted in a UN Habitat 

discussion on slum upgrading, there are hopes for technologies such as fingerp rint 

readers and wearable technologies to support safer infrastructure access in urban 

informal settlements (CGAP 2016). Whilst none of these were present in the case of 

the four technologies and data platforms examined in this thesis, discussions with the 
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stakeholders developing such technologies had noted potential future routes in which 

these might be included down the line within Nairobi. As Foucault (1977) notes, the 

datafication of human habit, behaviours and bodies represents a dominant mode of 

biopower and biopolitics. By integrating smart technologies into the bodies of informal 

settlement communities, biopower becomes present, acting under the guise of 

creating more efficient, safer and affordable infrastructures (Rao 2019). Whether 

knowingly or unknowingly, biopower enables the habits and patterns of people and 

society to be shifted (Dodge & Kitchen 2011) and with an increasing merging of 

everyday infrastructures and bodies in informal settlements, these represent a new 

space in which this happens. 

Over recent years, Foucault’s notion of disciplinary power and the panopticon has 

been critiqued for its inflexibility and lack of accountability for alternative forms of 

control (Klauser et al., 2014). A prominent critique of Foucault is that it is ‘societies 

of control that alter how we are and act as a society, rather than the panoptic form 

of observation commonly associated with disciplinary power (Deluze 1992). The 

f inal reflection of this thesis on Foucault’s modalities of power however, pushes 

back against this critique by suggesting that the new digital spaces which smart 

urbanism create are ones which cannot be controlled by these societies of control. 

Instead, these new digital spaces become controlled by their architects and owners 

and in the context of this thesis, the infrastructure providers that harness smart 

technologies. As opposed to overtly disciplining the new digital spaces that smart 

urbanism in Nairobi created, these organisations controlled people within them 

through security, seen through the control and safekeeping of the finances of 

individuals (see Chapter 5). As Klauser et al., (2014) suggest, efforts to properly 

delineate between discipline and security in relation to disciplinary power within the 

smart city, are still in their infancy. The findings from this research regarding the 

emergence of digital space within smart urbanism’s manifestation in Nairobi’s 

informal settlements, illuminate three important research avenues that can further 

explore this. Firstly, research is needed into examine who creates and controls the 

new digital spaces smart urbanism creates and the varying relationships of power 

unfolding between people owning vs using these spaces. A second avenue for 

research is exploring how can communities create their own sovereign digital 

spaces and what tensions arise from this, especially when coming up against more 

top-down visions of smart urbanism and the smart city. Thirdly, research is needed 

to explore how gender roles play out within the new digital spaces smart urbanism 

creates and within the context of urban informality, how these play out in relation to 

the roles typically assigned to everyday infrastructural engagements.   

As noted at the start of this section, to address the research questions relating to 

smart urbanism that this thesis raised, a situated approach to urban political ecology 

was employed. SUPE provided a theoretical approach for exploring the materiality 

relating to smart urbanism’s relationship with everyday infrastructural engagements 

within informal settlements. Smart urbanism’s manifestation however, raises 

questions relating to power (see section 1.7) and without the social theory 

necessary to frame and analyse this, solely relying on SUPE posed a challenge. To 

overcome this issue, the thesis drew from Foucault’s modalities of power to explore 
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and understand the social relations and networks tied to smart urbanism’s 

manifestation.  

 

Whilst this thesis employed both SUPE and a Foucauldian framing of power, it was 

not attempting to merge these two distinct bodies of scholarly work. Instead, the 

additional incorporation of Foucault into the thesis was due to the specific needs of 

the study and something to further extend the analytical scope of the research. As 

Rice and Tyner  (2017) suggest, UPE should not remain static but instead should 

advance and adapt to ensure the theory best illuminates political, economic, social 

and ecological processes that drive urbanisation. Using Foucault’s modalities of 

power, in addition to SUPE to address the thesis’s research  questions, did not only 

provide additional insights about power, but it also offered reflections regarding the 

usefulness of employing these two bodies of work. Firstly, using Foucault to frame 

questions of power enabled a more in depth analysis of the different actors and 

networks being created, adjusted or removed in relation to smart urbanism’s 

manifestation within Nairobi’s informal settlements. Had the thesis solely relied on 

SUPE for its analysis, questions relating to what types of power were emerging would 

have been scantily addressed. Secondly, by using Foucault’s modalities of power, the 

thesis produced additional insights relating to governmentality and smart urbanism. 

Without using Foucault, discussions about how smart urbanism was tied to the 

governing of people would have remained descriptive. Thirdly, whilst it is beyond the 

scope of the thesis to suggest exactly how SUPE must change in relation to 

incorporating wider social theories, it does suggest there are alternative 

arrangements and incorporations that can complement SUPE whilst also addressing 

its deficits in analysing power. This thesis would encourage scholars harnessing 

SUPE to consider additional framings of power from a wide range of social theories. 

In doing so, these efforts will support calls to develop an integrated research agenda 

that looks ‘beyond the city’ within urban political ecology (Tzaninis et al., 2021). 

 

7.4.3. Situated urban political ecology 

To critically understand consequences of smart urbanism within informal settlements, 

the conceptual approach of the thesis was informed by a situated understanding of 

urban political ecology (SUPE) (Lawhon et al., 2014). Using SUPE enabled the thesis 

to understand the relationships between everyday practices and diffuse forms of 

power, and furthermore, the role of ICT enabled infrastructures in mediating these 

relationships. SUPE also allowed important provocations as to how we conceptualise 

smart urbanism and to understand its manifestation within informal urban settlements. 

As noted in Chapter 6, many examinations of smart urbanism and smart city 

developments have tended to involve a top-down perspective with a focus on 

technical components, often within a geographic context of wealthy urban enclaves 

in the Global North (Luque-Ayala et al., 2014; Maalsen et al., 2018). There also 

remains a conceptual separation of the city and the natural environment within 

traditional understanding of smart urbanism (Luque-Ayala and Marvin 2015). With a 

key facet of smart urbanism being digital technologies themselves, this appears to 

have spurred a conceptual approach in which the digitally infused city becomes 
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something that can now efficiently control the natural environment flowing within it. 

By harnessing SUPE however, this thesis pushes smart urbanism research in a new 

direction by exploring how this process represents new modes of socio-metabolic 

transformation of nature (Heynen et al., 2006). For March & Ribera-Fumaz (2016), 

they conceptualise the smart city as a ‘complex set of socio-ecological, technical and 

economic processes’. This thesis speaks to such work, advancing our understanding 

of smart urbanism through situated urban political ecology and illustrating the 

everyday engagements with the city that shape and are shaped by this socio technical 

phenomenon.  

The thesis’s utilisation of a situated form of urban political ecology further opens up 

discussions about how everyday engagements with smart technologies are mediated 

by colonial legacies of infrastructure and resource control (Chapter 4). As shown in 

the first of the empirical papers, infrastructural investment follows historical patterns 

whereby informal areas were overlooked and instead, wealthier areas in the suburbs 

received higher quality, safer and more reliable ways to access resources. Smart 

technologies therefore, often serve to mediate some of challenges that emerge as a 

result of this lack of investment, that of insecure bottom-up infrastructural 

arrangements (Guma et al., 2019).  

The thesis suggests research using SUPE must further engage with ICT. I believe 

researchers using this approach have been resistant to explore aspects of ICT due 

to a fear that engaging with digital spaces and data limits opportunities to support 

radical incrementalism. For research harnessing SUPE and focussing on the 

everyday engagements with infrastructure, ICT may have appeared as something 

unnatural and separate from the everyday ways in which people reconfigure the 

infrastructures around them, such as within informal settlements. This viewpoint has, 

perhaps, coined a conceptual separation between the physical infrastructural 

components of informal settlements on one hand and the intangible and abstract 

notions of data and digital on the other. As demonstrated by the thesis however, ICT’s 

ongoing integration within these areas warrants the correct critical response, which I 

believe, can be most suitably given by scholarly fields such as SUPE. If ICT and smart 

urbanism are however, treated as conceptually separate to informal settlements and 

infrastructural reconfiguration, it runs the risk of this critical opportunity to pass by and 

result in ICT only serving those seeking to extract profit rather than the everyday 

people  who increasingly rely on them. By using SUPE, research is able to focus on 

how everyday interactions with smart infrastructures represent diffuse forms of power. 

With digital technologies increasingly entering into numerous facets of everyday lives 

across the globe and within the case of Nairobi, within its informal settlements, 

understanding how these reconfigure networks of power is vital in making sure that 

ICT is best harnessed for citizen centric and sustainable urban futures.  

 

7.4.4. A critical smart urbanism 

By using a critical approach and harnessing SUPE, the thesis, its paper and their 

f indings contribute to ongoing efforts towards developing a critical understanding of 

smart urbanism (Luque-Ayala and Marvin 2019). Whilst critical approaches to smart 
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urbanism have begun to emerge within a Global South context (Datta 2018; 2019, 

Guma 2019, Guma et al., 2019), attention around this process in relation to informality 

is still in its infancy. This thesis provides an important step in addressing this gap and 

in doing so, plays a vital role in developing a genuinely global and critical 

understanding of smart urbanism.  

The thesis demonstrates the significant potential for examining smart urbanism in 

relation to aspects of urban informality. Not only do insights generated from this  

thesis provide valuable information for policy makers, technology developers and 

infrastructure providers operating within informal settlements, but they also act as a 

springboard from which other questions can be asked about smart urbanism at a 

global level. Urban informal settlements are rarely, if ever, explored in terms of being 

leading sites of technological integration. It is however, these areas from which a 

global audience is able to learn from and one from which a critical smart urbanism 

can develop. By using a critical understanding of smart urbanism in this thesis, I have 

developed a holistic approach to understanding how technologies impact not just the 

infrastructures and daily lives of people within informal settlements, but the 

consequences of this for power and notions of citizenship. As areas less attended to 

in discussions of smart urbanism, the findings here suggest informal urban 

settlements are not only sites of ‘actually existing’ smart urbanism (Shelton et al., 

2014), but they also provide important lessons for how we can think about the 

digitisation of urban infrastructures on a global scale. When continuing to develop a 

global and critical approach to smart urbanism, we must challenge the traditional 

North to South translation of technology lessons and instead, push for a two way flow 

of insights. This thesis has illustrated a handful of examples whereby findings from 

informal settlements have implications for cities in the Global North, such as the 

consequences of ICT for decentralised infrastructures.  

The thesis also contributes to a global and critical understanding of smart urbanism 

through harnessing postcolonial urban theory. Throughout the thesis and its papers, 

I have utilised additional strands of urban research, such as informal urbanism and 

African urbanism. Drawing insights from these postcolonial areas of urban research, 

the thesis presents potential contributions at the intersection of postcolonial and smart 

urbanism. By not relying on urban theory from the Global North to explain  or justify 

smart urbanism’s manifestation within informal urban settlements, the thesis 

demonstrates how a critical understanding of this process must engage with aspects 

of Southern urbanism.  

7.5. Future Research priorities 

Through the thesis and its empirical outputs, the work has engaged with a range of 

related topics and in doing so, points towards a range of research priorities. The first 

of these research priorities is encompassed by the idea of situating smart urbanism. 

This notion is picked up by Karvonen et al., (2018) in their work on situating smart 

cities, where they identify the need to better understand the context-specific elements 

of any ICT-led urban developments and how local conditions impact the realities of 

these. This thesis would suggest another strand needs to exist within this focus on 

situating smart urbanism, one that examines smart projects which exist away from 

top-down developments and instead, arise from everyday engagements with digitally-
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infused urban fabrics. By building a critical understanding of smart urbanism from a 

conceptual standpoint rooted in the everyday infrastructural interactions associated 

with informality, a new, globalised and citizen-focussed framing of the future smart 

city can emerge.   

A second research priority the thesis highlights is engaging smart urbanism research 

with informality. This thesis has explored one facet of informality, that of the everyday 

dynamics of informal settlements and their HICS, but many others such as social 

cohesion, political representation and informal economies warrant attention.  Within 

urban informality, acts of resistance, change, protest and place-making are visible 

and commonplace, this makes research around better understanding the dynamics 

of informal urban settlements invaluable. As Aurigi & Odendall identify, bringing 

together both Northern and Southern understanding of urban realities aids the 

creation of what a more “socially progressive and sustainable smart city could look 

like”. (2020:2) Research on smart urbanism in relation to urban informality would, not 

only expand our understanding of cities in the Global South, but would play a vital 

role in developing more human centric versions of smart urbanism globally. As smart 

urbanism and the ongoing integration of digital technologies within cities demonstrate, 

urban informality offers important insights into any potential successes or failures. 

Additionally, decentralised infrastructural arrangements are seen as pivotal in many 

discussions around sustainable urban futures. At present, understanding the 

consequences of this infrastructural approach relies on testing of small-scale 

interventions within cities of the Global North. As this thesis identif ies however, 

informal urban settlements present countless examples of decentralised 

infrastructures and with smart urbanism manifesting within these configurations, they 

offer opportune avenues for understanding the impact of ICT’s integrat ion.  

Within future research exploring smart urbanism in relation to informality, it is 

imperative for this to be conducted through a range of approaches. In combination 

with others in the field, this thesis provided an important angle on examining smart 

urbanism within informal settlements, one focussed on everyday engagements 

relating to infrastructure. Given the aim of the thesis, a traditional approach towards 

data collection and analysis of a single researcher was deemed appropriate. The 

thesis has created a conceptual foundation onto which other research can build on. 

As the findings of the thesis demonstrate, smart urbanism’s manifestation wi thin 

informal settlements brings together multiple arrangements of stakeholders. Future 

research should utilise methods centred on the co-production of knowledge by 

working with local communities within informal urban settlements. Through these 

approaches, alternative conceptualisations of smart urbanism could be created, ones 

which place the everyday needs and realities of informal settlements front and centre 

and focus on how ICT can be best harnessed by the people increasingly relying on 

them. 

The third research priority to build on from the thesis centres on the merit of engaging 

critical urban theory with the growing academic field of digital geographies. As the 

thesis evidences, critically engaging an examination of smart urbanism with urban 

political ecology, allows alternative conceptual, methodological and empirical strands 

to emerge. As Ash et al., (2018) identify, the burgeoning field of digital geographies 

must ‘attend to questions around ‘big data economies, algorithms, digital technology 
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design and utopian narratives, and how these are informed by colonialism’ (2018: 37). 

Here, I have identif ied the importance of developing an understanding of smart 

urbanism away from typical western-led notions and instead, to engage with 

postcolonial urban theory. If research around smart urbanism and digital geographies 

becomes closer aligned with the practices of subaltern urbanism, then the livelihood 

practices of millions within cities of the South can become integrated with hopes for 

citizen-focused ICT-led urban interventions of the future.   

The fourth research priority is to continue research that looks at the social and 

psychological consequences of smart urbanism. As many have noted, smart city and 

smart urbanism discourses have, until now, often been rooted within techno-

normative visions where human agency is reduced to merely representing points of 

consumption (Odendall 2016). Within the growing research using a critical approach 

to understanding smart urbanism, there has yet to be significant examination of this 

process in relation to how it impacts many of the social and psychological components 

that underpin the urban experience. In this thesis I have identif ied that smart 

urbanism’s manifestation in Nairobi’s informal settlements was entwined with socio-

psychological aspects such as trust, identity, connection and digital imaginaries. For 

informal settlements, the lack of certainty, reliability and credibility around accessing 

resources has negatively impacted the mental health of communities in these areas 

(Gruebner et al. 2012). Although this research does not frame smart urbanism as a 

panacea for every urban ill or challenge faced within informal settlements, it does 

point towards potential merit in its ability to ease socio-psychological aspects related 

to inadequate infrastructural provision. This thesis would encourage further research 

to develop situated examinations of smart urbanism within alternative urban settings, 

away from corporate and state-led smart city projects, and how it can improve or 

worsen mental health conditions associated with everyday infrastructures. Examining 

this intersection between mental health and smart urbanism offers new opportunities 

to explore alternative conceptualisations of creating citizen-led smart urbanism 

(Luque-Ayala & Marvin 2019). Within this thesis, critical infrastructure studies and the 

utilisation of a situated urban political ecology, enabled examination of these everyday 

and deeply rooted aspects, but other conceptual approaches may allow alternatives 

stories to emerge.   

The fifth research priority emerging from the thesis is the need to develop non 

Western-centric prototypes and imaginations of a smart city, ones that incorporate 

the desires and imaginaries of informal urban settlements. As Datta identif ies, 

decolonising the global rhetoric of the smart city requires an engagement with 

indigenous and subaltern communities (2019: 406) and understanding how cross-

sections of society ultimately guide its success on the ground (407). The thesis notes 

that for some within informal settlements of Nairobi, the integration of smart 

technologies has created new imaginations of urban-connectivity and has influenced 

the future urban imaginaries held by people. One way to help create more inclusive 

and non-Western-centric discourses and planning associated with the smart city is 

use qualitative research and creative methods to engage and promote the voices of 

subaltern communities.   

Research on smart urbanism must continue to look beyond the physical and 

immediately observable consequences of ICT’s integration, and instead build 
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understanding about its impact on communities, networks and the relationships which 

they interweave and influence. As this thesis has identif ied, smart urbanism within 

informal settlements has consequences for aspects of infrastructural trust and 

reframes what constitutes smart citizenship. These findings emerge from just one 

research avenue, infrastructural change within informal urban settlements, but there 

exist many others that warrant urgent attention across the Global South. Research 

that engages smart urbanism with informality is urgently needed, but must avoid 

focussing specifically on top-down projects of ‘new cities’. Instead, it should look 

towards the ‘actually existing’ smart urbanism occurring across cities in the Global 

South and areas within these often overlooked within discussions of the smart city. 

Such research must be rooted within Southern urbanism and seek to harness urban 

theory rooted in the Global South, as opposed to relying on f ramings of smart 

urbanism developed from cities in the North. In doing so, it will not only help cities 

such as Nairobi better understand the consequences of smart urbanism, but can also 

support cities globally through adding to a truly global understanding of this process. 

Ultimately however, smart urbanism research, whether within informal urban 

settlements or more formal urban enclaves, must evolve to better engage the local 

communities in which it appears to manifest itself. Calls in smart urbanism are right 

to demand a greater focus on the citizen, but this must be followed up with actually 

engaging communities to co-produce knowledge about this process. Developing a 

situated approach to understanding smart urbanism highlights the voices of 

marginalised communities who often remain outside of traditional smart city plans and 

projects. Making sure smart urbanism is rooted within sustainable and social 

considerations will help support a smarter and more resilient city in the Global South 

and beyond.  
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Appendices 

 

Appendix 1. Interview List 

 

Table 3. List of Users 

Reference Gender Technology in 

question 

Date of Interview 

F1 Female Smart gas 

metering and 

mobile payment 

platform 

2/4/18 

F2 Female Smart gas 

metering and 

mobile payment 

platform 

2/4/18 

F3 Male Smart gas 

metering and 

mobile payment 

platform 

12/4/18 

F4 Female Smart gas 

metering and 

14/4/18 
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mobile payment 

platform 

F5 Female Smart gas 

metering and 

mobile payment 

platform 

14/4/18 

F6 Female Smart gas 

metering and 

mobile payment 

platform 

 

14/4/18 

F7 Female Smart gas 

metering and 

mobile payment 

platform 

 

14/4/18 

F8 Male Smart gas 

metering and 

mobile payment 

platform 

14/4/18 

F9 Female Smart gas 

metering and 

mobile payment 

platform 

15/4/18 

F10 Female Smart gas 

metering and 

mobile payment 

platform 

15/4/18 

J1 Female Smart gas 

metering and 

mobile payment 

platform 

15/4/18 

J2 Female Smart gas 

metering and 

mobile payment 

platform 

15/4/18 

J3 Female Smart gas 

metering and 

15/4/18 
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mobile payment 

platform 

J4 Male Smart gas 

metering and 

mobile payment 

platform 

15/4/18 

J5 Female Smart gas 

metering and 

mobile payment 

platform 

22/4/18 

J6 Male Smart gas 

metering and 

mobile payment 

platform 

22/4/18 

J7 Female Smart gas 

metering and 

mobile payment 

platform 

22/4/18 

J8 Female Smart gas 

metering and 

mobile payment 

platform 

22/4/18 

J9 Female Smart gas 

metering and 

mobile payment 

platform 

28/4/18 

J10 Female Smart gas 

metering and 

mobile payment 

platform 

4/5/18 

F1 Female Smart metering 

system for water 

provision and 

mobile payment 

platform 

5/4/18 

F2 Female Smart metering 

system for water 

provision and 

mobile payment 

platform 

5/4/18 
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F3 Female Smart metering 

system for water 

provision and 

mobile payment 

platform 

5/4/18 

 

F4 Male Smart metering 

system for water 

provision and 

mobile payment 

platform 

5/4/18 

 

F5 Male Smart metering 

system for water 

provision and 

mobile payment 

platform 

6/4/18 

F6 Female Smart metering 

system for water 

provision and 

mobile payment 

platform 

6/4/18 

 

F7 Male Smart metering 

system for water 

provision and 

mobile payment 

platform 

6/4/18 

 

F8 Female Smart metering 

system for water 

provision and 

mobile payment 

platform 

7/4/18 

F9 Female Smart metering 

system for water 

provision and 

mobile payment 

platform 

8/4/18 

F10 Female Smart metering 

system for water 

provision and 

mobile payment 

platform 

8/4/18 
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Table 4. List of additional stakeholders 

Reference Role Date of Interview 

M1 Smart water technology 

developer 

25/9/17 

M2 Smart technology researcher 2/10/17 

M3 Start-up hub manager and 

smart technology developer 

4/10/17 

M4 Journalist and academic 13/10/17 

M5 United Nations employee 18/10/17 

M6 Smart energy technology 

business manager 

2/11/17 

M7 Smart energy technology 

operations manager 

 

3/11/17 

M8 Water industry 

representatives  

15/11/17 

M9 Water IoT developer and hub 

manager 

26/11/17 

 

M10 IWater oT developer and 

engineer 

28/11/17 

 

M11 Innovation hub manager 29/11/17 

 

M12 NGO Employee 30/11/17 

 

M13 Government official 3/12/17 

 

M14 Government official 5/12/17 
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M15 United Nations employee 9/12/17 

 

M16 Economist 9/12/17 

M17 Community activist and 

member of neighbourhood 

association  

7/2/18 

M18 Smart energy business 

Manager  

8/2/18 

 

M19 United Nations employee 9/2/18 

 

M20 IoT developer in water sector  13/2/18 

 

M21 Investor within the smart 

technology space 

16/2/18 

 

M22 Community activist and 

smart technology company 

employee 

23/2/18 

 

M23 Community activist, smart 

technology company 

employee and researcher 

1/3/18 

 

M25 Professor of Planning 5/3/18 

 

M26 Senior Lecturer in 

Geography 

9/3/18 

 

M27 United Nations researcher 10/3/18 

 

M28 Smart technology start-up 15/3/18 
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M29 NGO Smart technology 

developers 

22/3/18 

 

M30 International engineering 

company employee and 

technology developer 

24/3/18 

 

M31 ICT company manager 6/4/18 

M32 NGO employee 6/4/18 

 

M33 United Nations employee 15/4/18 

 

M34 Smart energy technology 

developer 

18/4/18 

 

M35 Technology hub manager 19/4/18 

 

M36 Water engineer and IoT 

developer 

24/4/18 

 

M37 United Nations employee 26/4/18 

 

 

 

Appendix  2. Focus Groups  

 

Table 5. Focus group 1 

Participant Role Date 

FR (number indicates 

transcript page) 

Chairman of youth group & 

user of smart water 

technology 

28/4/18 

FC Saving group member & user 

of smart water technology 

28/4/18 
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FE Saving group chairman & 

user of smart water 

technology 

28/4/18 

FS Saving group treasurer & 

user of smart water 

technology 

28/4/18 

FM Saving group chairlady & 

user of smart water 

technology 

28/4/18 

FA Saving group chairman & 

user of smart water 

technology 

28/4/18 

FF Location Host & user of 

smart water technology 

28/4/18 

FD Location Host 28/4/18 

 

Table 6. Focus group 2 

Participant Role Date 

F2P (subsequent number 

indicates transcript page) 

Water point operator & user 

of smart water technology 

3/3/18 

F2M (subsequent number 

indicates transcript page) 

Water point operator & user 

of smart water technology 

3/3/18 

 

F2J (subsequent number 

indicates transcript page) 

Water point operator & user 

of smart water technology 

3/3/18 

 

F2PL (subsequent number 

indicates transcript page) 

Water point operator & user 

of smart water technology 

3/3/18 

 

 

 

 

 

 

Appendix 3. Semi-structured Interview questions 
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User interviews 

Demographic Information 

1. Age 

2. Gender 

3. Employment status 

Infrastructural Relationships 

1. How long have you lived in the local area? 

2. How and where do you normally access your water / energy (solid fuel)? 

3. How does accessing resources fit into your daily routines? 

4. What issues do you face or have you faced when getting these resources? 

5. What do you do when these aren’t working? 

6. Are there other challenges associated with the infrastructures of this area? 

Engagement with ICT 

1. How did you find out about the device/platform? 

2. How has it changed the way you use [the infrastructure in question]? 

3. Have you used this type of ICT before? 

4. Wat do you use the device/platform for? 

5. What other digital technologies do you use? 

6. Has ICT become built in within other infrastructures you use? 

Impact and challenges 

1. Has the device/platform helped you access resources? 

2. Had the device/platform made anything more diff icult? 

3. How has the device/platform impacted you financially? 

4. Does it have any issues? 

5. What would you want to change about the device/platform? 

General Comments and questions 

 

 

 

 

 

 

 

Appendix 4. Observation Prompt sheet 
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Date  Observer  

Location  Observing  

Time start  Time end  

Focus of 

Observation 

 

What are the 

physical 

components of the 

infrastructure? 

 

What are the human 

components of the 

infrastructure? 

 

How is ICT being 

used within 

infrastructural 

interactions?  

 

What 

issues/challenges 

are being faced? 

 

Comments  
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Appendix 5. Participant Information Sheet 

 

 

 

 

 

 

 

Understanding Smart Urbanism within Nairobi’s Informal Settlements 

Participant Information Sheet 

You are being invited to take part in a research study as part of a PhD research project that 
aims to explore how smart urbanism is manifesting within Nairobi’s informal settlement and 
the consequences of this for its infrastructural configurations. Before you decide it is important 
for you to understand why the research is being done and what it will involve. Please take time 
to read the following information carefully and discuss it with others if you wish. Please ask if 
there is anything that is not clear or if  you would like more information. Take time to decide 
whether or not you wish to take part. Thank you for reading this.   

Who will conduct the research?  

Joseph Chambers. PhD Student at the University of Manchester, England.  

Address 

The School of  Social Sciences 
Arthur Lewis Building  
The University of  Manchester 
Oxford Road 
Manchester 
M13 9PL 

Title of the Research  

Smart urbanism and Infrastructural Reconfiguration within Nairobi’s Informal 

Settlements 

What is the aim of the research?  
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The aim of  the research will be to understand smart urbanism within Nairobi’s informal 
settlements.  

Why have I been chosen?  

You have been chosen through the process of  stakeholder identification and through a 
samping procedure. Many other participants f rom different cities and f rom a variety of  
stakeholder backgrounds have also been selected.  

What would I be asked to do if I took part?  

If  asked to take part, you will be required to participate in a semi-structured interview and/or a 
subsequent focus group. 

What happens to the data collected?  

During the interview, a phone will be used to record the conversation and notes will be made. 
The interview will be transcribed by the interviewer, with the subsequent notes stored securely 
away. 

How is confidentiality maintained?  

The names of  the participants will not be identified within the research and will not be published 
anywhere that is publically accessible. Any noting of the names will be safely digitally filed and 
will be for the purpose of the researcher only. These digital f iles will use data encryption 
sof tware LocK-A-FoLderR to safely protect all documents and details. All paper notes and 
copies will be destroyed once uploaded digitally. In terms of  data protection, the Data 
Protection Policy (2014) by the University of Manchester will be followed. This provides advice 
on best practice for the collection, storage and transfer of data, as well as providing solution 
for what to do if a data incident has occurred.  

What happens if I do not want to take part or if I change my mind?  

It is up to you to decide whether or not to take part. If  you do decide to take part you will be 
given this information sheet to keep and be asked to sign a consent form. If you decide to take 
part you are still free to withdraw at any time without giving a reason and without detriment to 
yourself. You may contact the researcher on the details provided, who will withdraw your 
information at the earliest point.  

Will I be paid for participating in the research?  

There will be no direct payment for the research, only reimbursement.  

What is the duration of the research?  

1 30-60 minute interview 

1 45 minute focus group  

Where will the research be conducted?  

The location for the focus group will be given closer to the date. The location for the interview 
can be decided between both the participant and the interviewer.  

Will the outcomes of the research be published?  
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The data collected during the research will be published within the final PhD thesis as well as 
possible publications that may result from this 

Who has reviewed the research project? 

The project has been reviewed by the University of Manchester Research Ethics Committee 

Contact for further information  

Email: joseph.chambers-2@postgrad.manchester.ac.uk or josephcchambers@hotmail.co.uk 

What if something goes wrong? 

If  there are any issues regarding this research that you would prefer not to discuss with 

members of the research team, please contact the Research Governance and Integrity Team 

by either writing to 'The Research Governance and Integrity Manager, Research Office, 

Christie Building, The University of  Manchester, Oxford Road, Manchester M13 9PL', by 

emailing: Research.Complaints@manchester.ac.uk, or by telephoning 0161 275 7583 or 275 

8093. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:joseph.chambers-2@postgrad.manchester.ac.uk
mailto:Research.Complaints@manchester.ac.uk
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Appendix 6. Consent form 

 

Understanding Smart Urbanism within Nairobi’s 

Informal Settlements 

 

CONSENT FORM 

 

 

 

If you are happy to participate please complete and sign the consent form below 

Please initial box 

 

2. I understand that my participation in the study is voluntary and that I am free 

to withdraw at any time without giving a reason and without detriment to any 

treatment/service. 

 

 

3.  I understand that the interviews will be audio-recorded 

 

 

 

4. I understand that I will remain anonymous within the research 

and that the researcher will do their upmost to eliminate any chance 

of identif ication 

 

4. I agree to the use of anonymous quotes 

 

 

 

5. I agree that any data collected may be passed as anonymous 

data to other researchers 
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I agree to take part in the above project 
 

     

Name of participant  

 

Date  Signature 

Name of person taking 

consent  

 

 

 

Date  Signature 
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Appendix 7. Letter of Approval 

School of Environment and Development 
 
Arthur Lewis Building 
 
University of Manchester 
 
Oxford Road 
 
Manchester 
 
M13 9PL 
 

Re: Letter of Support for Joseph Chambers 14/09/2017 

To whom it may concern, 

I am writing on behalf of Joseph Chambers, a PhD candidate who is 
applying to you in order to carry out his doctoral research. 

As Joseph’s supervisor, I have a good understanding of his research and 
its intended application. The focus of Joseph’s research is examining the 
impact of digital payment on urban infrastructure in Nairobi. His work will 
require him to carry out interviews with technology users, urban citizens, 
digital payment companies and persons from public administrations. His 
research period will be from October 2017 until May 2018. Whilst his work 
will focus mainly on Nairobi, there are a few digital payment technologies 
in Kigali that he may wish to visit. This research provides an important step 
in academic understanding of digital payment, and more importantly, the 

intersection between technology and urbanisation in the global South.  

As my student, I have known Joseph for over two years. Receiving high 
grades throughout his academic career, he is a focused researcher with a 
strong interest in human geography. He is committed to high research 
standards and the dissemination of results to a variety of audiences. His 
research has received ethical clearance from the Ethical Review Board at 
the University of Manchester, meeting the highest standards for data 
collection, management, storage and application. 

In conclusion, I fully support Joseph’s application to carry out his PhD 
research in Kenya. His work will provide valuable insights into digital 
payment and smart cities, both of which are of international significance. 

Yours sincerely, 
 

 

 

 

Professor James Evans 

University of Manchester and Visiting Researcher at the International Institute 
of Industrial 

Environmental Economics (IIIEE) Lund University 
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jp.evans@m anchester.ac.
uk +44 (0)161 306 6680 

 

 

 

 

 

mailto:jp.evans@manchester.ac.uk
mailto:jp.evans@manchester.ac.uk

