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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 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 
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potentially dangerous to human health ( Simone, 2004 ). 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, 2008 ). 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 (

https://assignbuster.com/fluidities-and-fixities-examining-the-alignment-of-
digital-platforms-within-nairobis-heterogeneous-infrastructural-
configurations/



 Fluidities and fixities: examining the a... – Paper Example  Page 4

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, figurative 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). 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 (
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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 within 

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 
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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 

difficulties 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 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 
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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-identified by 
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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 however, with the alternative 
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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, heterogenous 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), 
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government officials (2), and experts (3). The various transcripts and notes 

were subsequently coded and analyzed ( 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 
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and users about water levels and 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, for-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 identifies 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
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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 identifies 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. 

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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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 

identified, 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 
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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. 
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Understanding Infrastructural Fluidities 
As the literature identified, infrastructures within informal settlements can be

seen as fluid 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, “ 
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Policemen 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 identified 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 

identified similar challenges, it was not at the same level that PayGo 

identified. Here, infrastructural fluidity 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 fluidity 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 “ 
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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 fluidity. 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 
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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 something they wanted to incorporate into 

their digital platforms in line with future expansion. 

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 fixities and designed out the human component of HICs. 

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. 
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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 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
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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 platform noted their
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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). 

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 reflected 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). 

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 
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(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. 

Designing Out Humans 
A final finding that emerged from the data around how platforms were 

engaging with the dynamic and heterogeneous nature of infrastructures of 

informal settlements was identified in how these digital tools were designing 

out the need and role of human agency within infrastructural configurations. 
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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 

the digital platforms, the efficiencies within infrastructures were often tied to

points within these configurations that involved human interaction, such as 
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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 element of infrastructural configurations, an aspect 

which had aided the continuously shifting nature of infrastructures within 

these areas. 

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. 

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 
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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 

heterogenous 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 fluidities 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 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 
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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 
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demand fluctuations happened in the informal settlements, users were less 

able to navigate these due to these new infrastructural fixities 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. 

Spreading and Structuring Infrastructures Through Platform Urbanism 
Digital platforms, as aggregators of artifacts, 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 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 identified 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 fluidities of daily life, they also created fixities via the 
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aforementioned financial fixities and technological dependence. Although 

understanding whether these communities wish to see greater 

infrastructural fixity 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 fixities 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. 

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, 
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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 identified 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 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 
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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. 

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
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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 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. 
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Furthermore, platforms developers were keen to accommodate the blurred 

binaries existing within infrastructural realities of informal settlements and 

their fluid 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 
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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 fluidity 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. 

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 efforts toward creating smart cities, where ICTs 

are harnessed to help solve urban inefficiencies ( Hollands, 2008 ; Peck, 
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2013 ). As the paper identifies 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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