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1 ABSTRACT

Globally, rapid movement from one state to another, mostly from under-developed areas to developed areas
takes place. When this movement happen, there is a need for provision of accommodation. Due to lack of
proper housing affordability and socio-economic inequalities lead to formation of informal settlements. In
Johannesburg there is an increase of informal settlements across the city and now some of these informal
settlements developments emerge close to the Central Business District (CBD). Accordingly, the increasing
of these settlements create challenges for urban development and service delivery. Traditional approaches to
informal settlement upgrading have often fallen short in addressing the complex and dynamic needs of
residents. The aim of the study is to explore innovative strategies and technologies being implemented to
improve living conditions in Johannesburg’s informal settlements, focusing on infrastructure development,
housing solutions, and community participation. A case study research approach is deployed to examine key
upgrading initiatives, including in-situ upgrades, smart infrastructure, and participatory planning approaches.
Consequently, assesses the effectiveness of these interventions in enhancing access to basic services, and
promoting social inclusion. Technological innovations stategies have demontrated the ability to improve
housing quality and urban resilience, challenges such as land tenure security, policy constraints, and resource
limitations persist. The findings of the study aim to provide insights into the evolving landscape of informal
settlement upgrading in Johannesburg, offering recommendations for scalable and sustainable solutions that
can be replicated in other urban contexts.
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2 INTRODUCTION

Accomodation is a need for all individuals. The Republic of South Africa is a developing country working
towards being a transitional country. The republic is trying in various aspects to provide high quality
infrastucture. There are various housing projects to ensure that there is enough housing in the republic.
However, most of these housing developments are not afforded by all South African residents. Therefore,
leading to some individuals opting for informal housing. The City of Johannesburg afford various economic
opportunities to various individuals which attracts many people to the city. As more people move in, there is
a need for accomodation to all these indivisuals whom are from different classes regarding socio-economic
status ranganging from low class income, middle class income to high class income. Some individuals afford
proper housing accomodations such as apartments and bond housing. Some individuals do not afford proper
housing accommodation and to those who do not afford they settle for backyard rooms, backyard shacks and
informal settlements. Due to some informal settlements become populated, more formation of informal
settlements emerge. The city has struggled for many years to curb the growth of informal settlement
formation which in a long run they lead to various challenges in the city straining the available infrastructure.
However, due to the informal settlements have emerged and many people are living in these areas. There is a
need to upgrade these settlements and provide proper service delivery, and infrastructure to ensure
functionality. Accordingly, technological innovations have proved to play a critical role in various
disciplines to improve efficiency and functionality.With this, the study aim to identify suitable methods and
technologies that coud be used to enhance informal settlements using the City of Johanneburg as case study.

3 BIBLOMETRIC LITERATURE REVIEW

The use of biblometric mapping of literature has been adopted for this study. This is to identify suitable
literature for this study and identify most of the common themes researched on related to informal settlement
upgrade, technological innovation and South Africa. This provides a summary of themes that are most
studied and or that need attention.
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Figure 1: Keyword co-occurrence network visualisation

The above figurel indicates a biblometric mapping of literature about authors keywords. These keywords
indicate the most used keywords related to the study. There are 9 items (keywords), 3 clusters, 11 network
links, 12 total link strength, and there is a total of 27 occurences by the top 9 keywords selected for this
study. The top keywords are Cape Town, informal settlements, South Africa, challenges, informal
settlement, off-grid energy, open data, sanitation, and innovative technology. Accordingly, links indicate the
connection between various keywords in the biblometric mapping of literature, and the occurences shows
how much a keyword has appeared in the networks. Furthermore, the total link strengths highlights that
which keywords are most connected to other keywords indicating that most author’s studies focuses on such.

The authors keywords formed 3 clusters that are indicated by different colours. Each cluster has subfields
that most authors work focuses on. In cluster 1, there are four keywords indicated by red node which include
challenges, off-grid energy, informal settlement and innovative technology. This cluster indicates that some
of the works done focused on challenges to provide off-grid energy to informal settlements and or deploying
innovative technology to provide solutions for informal settlement challenges. In cluster 2, there are three
keywords represented by a green node which include Cape town, informal settlements, and open-data. This
cluster highlights that various studies focused on trying to push the notion of the provision of open-data of
informal settlements in Cape town. In cluster 3 there are two keywords represented by a blue node which
include sanatation and South Africa. The cluster indicates that there is a connection of works conducted in
South Africa and sanisation, which this highlights that there is a need of proper sanitation for many areas or
informal settlements in South Africa. In cluster 4 represented by a yellow node, there are also five keywords
such as carsharing, jitneys, micromobility, paratransit, and station cars.

Sani@ion
capgtown '
south africa
il off-gridenergy  informalgettlement challenges
opendata
informal ggttlerments
i VOSviewer 5
018

2019 2020 2021 22

Figure 2: Keyword co-occurrence overlay visualisation

The above figure 2 highlights the publication themes that were most trending from the year 2018 to the year
2022. Consequently, this indicates that studies on informal settlenment upgrading with the use of
technological innovations started to gain traction from the year 2018 to date. However, there are very few
studies conducted related to this study which highlights that there is more research that could be done in this
area. As seen on the above keyword co-occurrence overlay visualisation, there are few keywords that are
creating a network of authors keywords, indicating that this research area in South Africa has not been
explored sufficiently to assist provide positive impact using this approach of informal settlement upgrading
through technological innovations. During 2018, studies conducted related to the study focused on
improvements of sanitation in the City of Cape town. Around 2019 and 2020, there was increased of studies
focusing on provision of off-grid energy and proper sanitation for informal settlements in Cape town, South
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Africa. In 2021, there was a significant boost in moving towards publications that focus on introducing
technological innovations to provide solutions for challenges in informal settlements. From 2021 to 2022,
more research studies were conducted on the provision of off-grid energy in informal settlements, in South
Africa. Consequently, some of the studies focused on the provision of open data for informal settlements in
Cape town.

4 APPROACH AND METHODOLOGY

The use of biblometric mapping of literature has been deployed for this study. The use of biblometric
mapping of literature assist to identify common research areas related to informal settlements, upgrading,
technological innovation and South Africa, and this allow the study to identify a literature gab. 42
publications were downloaded on scopus which included conference papers, journal articles and book
chapters. The keywords selected were informal settlement, upgrading, and South Africa. Only three
keywords were used to ensure that the researcher obtain most suitable publications and also if more
keywords are added no publication is obtained. During the data cleaning process, the abstracts of all
publications generated were examined and 8 publications were ommited due to not being relevant to the
current study. Therefore, 34 publications were selected and exported to a excel sheet csv document to
provide a suitable file that VOSviewer allow for biblometric mapping of literature. Accordingly, the excel
sheet was inserted in the VOSviewer to start the process of biblometric mapping of literature. Accordingly,
the type of analysis chosen is co-occurrence and the unit of analysis selected are authors keywords.
Consequently, the threshold chosen is based on the number of occurrences of a keyword should appear
twice. Initially, 142 keywords were generated, and when the threshold was selected, only 9 keywords meet
the threshold. These keywords included Cape town, informal settlements, South Africa, challenges, informal
settlement, off-grid energy, open data, sanitation, and innovative technology. Therefore, the results produced
figure 1 representing keyword of co-occurrence network visualisation and figure 2 representing keyword co-
occurrence overlay visualisation.

Further, a case study research design was deployed focusing on the City of Johannesburg informal
settlements due to the rising settlements across the city. Accordingly, a qualitative approach was deployed
where semi-interviews were conducted with informal settlement dwellers and key officials, as well as the use
of biblometric analysis. A non-random sampling was used to selected 60 informal settlement dwellers from 4
different settlements, and in each settlement, 15 semi-interviews were conducted. Consequently, A random
and snowball sampling was selected as 5 Town planners were purposively selected and 5 references of Town
planners were provided.

5 RESULTS AND ANALYSIS

This section provides the results and analysis of informal settlement dwellers and the key officials responses
from the semi-interviews conducted regarding this study.

5.1 Informal settlement dwellers responses

Informal settlements provide accommodation to many individuals in the City of Johannesburg and there are
over 312 informal settlements sheltering 7.2% of the city’s population (Huchzermeyer et al., 2014). These
settlements are associated with the low income class and need interventions of urban innovations to improve
the quality of life for individuals occupying these spaces. Below is figure 3 indicating the informal dwellers
responses based on the semi-interviews conducted based on the questions related to decisions led to
relocating in these spaces, daily leaving experience to understand the routines and conditions, technological
innovations capabilities to improve the living conditions, and if whether community members are involve in
planning processes of the informal settlements.

The above figure 3 indicates the responses of informal settlement dwellers. 90% of the dwellers have
indicated that it is important for them to move in the City of Johannesburg as there are many economic
opportunities and resources that could lead to success. However, moving to a new environment, there is need
for accommodation and living in formalised settlements is not easy due to affodability, the cost of living in
such neighborhoods is expensive and they can not afford decent housing, and rentals due to their
unemployment status, and if employed the amount they get paid is not sufficient to cover their montly
expenses and rent or pay for bond housing. Therefore, this led most of them ending up relocating to informal
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settlements as there are limited options for them. Consequently, 5% of the dwellers indicated that they have
moved out from they homes where they grew up living with family to start a new life, and due to high cost of
decent housing, opting for moving to informal settlement is not a bad option as they know after sometime the
government provide certain informal settlement upgrading projects which could then provide better housing.
Accordingly, other 5% of dwellers have indicated that they have always lived in informal settlements and to
them it is all they know as some move from one informal settlement to the next, which they feel like its how
they suppose to leave they lives.

Informal settlementdwellers
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Figure 3: informal settlement dwellers responses

Consequently, 70% of the dwellers have indicated that leaving in informal settlements is hard as they feel
like they are not regarded as citizens of the country due to being under treated by the government. Various
informal settlements have poor informal settlements basic infrastructure such as proper sanitation, water and
electricity. Dwellers indicated that there is a lot of them living in these settlements, however, there is few
provision of communal toilets which are then strained at some point leaving them and chidren vulnerable.
Accordingly, there is lack of drainage systems making it hard to navigate around the area when its raining,
and waste management which makes the environment conditions poor. Consequently, the shared water
supply have no proper drains which leads to water run-off making uncomfortable when accessing the taps.
Inline, there is lack of proper connection of elctritiry supply which makes them not to have any appliances
that needs power and also making areas unsafe at night. Further, in other informal settlements where there is
delivery of basic services, dwellers indicated various aspects that are not pleasing in the area.

Further, 80% of informal settlement dwellers responses indicated that they are aware of the capabilities of
technological innovations that they bring in urban areas and they could be delighted if these technologies
could be deployed as they will provide a positive change in enhancing their areas of habitation. 10% of the
responses highlighted the need of sufficient basic service delivery and proper housing development, but less
interest in provision of technological innovations. Inline, another 10% of informal dwellers indicated that
technology will be good for informal settlement, however, there is a need first for provision of sufficient
service delivery. Accordingly, 80% of the informal settlement dwellers have indicated that they are involved
in planning stages of projects that are implemented as there are initiatives in various instances. However, 5%
highlighted that these projects implemented are already decided by stakeholders who are financing these
project, as when a project is to be conducted dwellers are notified that a certain project is to take place rather
than what type of project does the settlement need.

5.2 Key officials responses on challenges on in-situ upgrading

Informal settlement upgrading is a difficult project to complete successfully in South Africa without passing
through various challenges. These kind of projects include various stakeholders wereby in some instances
there are conflicts and decisions takes time to materialise. The below figure 4 indicates the responses
received from key officials regarding challenges on in-situ upgrading.
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Challenges in situ upgrading
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Figure 4:Challenges in situ upgrading

Many of the housing related projects have their own challenges and agendas. 5% of the key officials have
indicated that when in-situ upgrading takes place, there is a certain aspect that they focus on and deliver it to
a particular informal settlement, and mostly they deliver what is needed by the community. 80% of the key
officials indicated that there are various issues with upgrading informal settlements, firstly indicating the
issue of many informal settlements that are found across the city and which need similar attention. Secondly,
informal settlement dwellers want all services to be developed at the same time, which is difficult to deal
with, and a possibility is to deal with one challenge at a time. Consequently, there is lack of sufficient
resources to ensure that informal settlements needs are met all the time. When basic services are provided,
infrastructure is provided, it get strained due to the increase of the settlements. Accordingly, when a housing
project is implement, there is re-development of informal settlement that emerges next to the formal housing
that is being developed, population growth increases, and households that get provided with formal housing
develop outside informal building in the yards. Further, there are challenges associated with land tenure, and
some settlement are to big to provide all individuals with property ownership.

5.3 Key officials responses on strategies and methods for in situ upgrading

The are various strategies and methods to approaches of upgrading informal settlements, and process that
need to be followed to ensure successful adoption for this strategies. In the below figure, it is the responses
of key officials on strategies and methods on in-situ upgrading.

Strategies and Methods in situ
upgrading

efeedback m Negative feedback Other

Figure 5: Strategies and methods on in-situ upgrading

Key officials indicated that there is a need to provide proper services that are required by the community and
there is a need to identify first which services need to be provided . Some of the approaches used to know the
needs is through conducting pilot studies which provide insights and the needs of the informal settlements.
Accordingly, there is a need for public-private patnerships which this brings different contributions and can
accelerate productivity. 45% of the key informants responses highlighted that knowing first what needs to be
provided in the community assist to provide correct services for a particular community. Accordingly, there
is a need to study an area sufficiently. 45% of responses highlighted that some of the strategies that are used
might not be successful due to shortage of resources. Mostly, approaches used are similar leading to the same
results, and this calls for a need to establish more substantial approach.
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5.4 Key officials responses on technological integration

Technology speed up the process of tackling activities and provides support to areas that could be
problematic with only the manual operations of activities, and it is important for technology to be integrated
in informal settlements development. Below, figure 6 represent key officials responses on the usage of
technological innovations in upgrading informal settlements.

TECHNOLOGY INTEGRATION
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Figure 6: Technology integration

Technology has had a break through in many operation in different fields providing solutions to difficult
challenges and circumstances that would seem to be impossible. 80% of the key officials indicated that
informal settlements are very difficult to manage and upgrade due to various aspect associated with them and
there is a need for accuracy to ensure that they function effectively to avoid many negative impacts that arise
from these areas. It has been indicated that there are smart phone applications that infromal dwellers use to
share communication about any conditions that need the attention of the government for example if there are
damages or infrastructure maintanance required, the community members take photos of such and upload in
the online platforms for attention which this also contribute to public participation. Accordingly, there are
issues of electricity in many of these communities and there is implementation of solar powered street lights
to ensure that the areas are not completely dark which assist with prevention of criminal activities.
Consequently, there are smart water meters that are installed which detect the cleanliness of the provision of
water to communities which has been an issue in previous years were informal dwellers are exposed to
contaminated water. Further, it has been indicated that there is usage of GIS mapping that is used to monitor
change, level of concentration and assist with anticipating future condition and be able to take suitable cause
of action. 15% of key officials responses have indicated that integration of various technologies in informal
settlements is expensive and there is already shortage of resources, and some informal settlements still
require basic services. Therefore, this, reduces resources that could be used to provide sufficient basic
services.

5.5 Key officials responses on participatory planning

Participartory planning is the involvement of community members in urban development and planning to
ensure transparency and inclusion leading to trust between all the involve stakeholders. The figure below
indicates the participatory planning responses from the key officials.

Participartory Planning
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Figure 7: Participatory planning

Participartory planning is a critical process in planning and cannot be over looked. 70% of key officials have
indicated that for informal settlements upgrading to be successfully developed, there is a need to engage with
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the community members. This assist with knowing the needs of the particular community and by showing
that views of the community are included in the planning process the implementation becomes easy and
there is protection of the infrastructure implemented by the community members. Accordingly, it has been
indicated that most of these community engagements are positive and common grounds are mostly met but
this differs from one community to the other. However, 20% of the key informants have indicated that in
some instances community members become negative towards various projects especially if it is not
providing land ownership and housing. Informal dwellers want to dictate the terms of the projects and what
needs to happen. Further, 10% of key officials indicated if communities are not involved in the decisions of a
project taking place, especially, when the informal dwellers do not see it as a priority, it becomes very
difficult to carryout the project and in some instance this becomes unsuccessful. Inline, if such incidents
takes place communities end up not wanting to participate in other activities. Consequently, the protests
emerge which this destruct functionality of urban areas, areas of protest, and their daily activities that they
must carryout as officials. In addition, the key officials highlighted that when there is proper involvement of
community members, there is accessibility to these communities, communities comply to government
requests and after the completion of a project community members provide a feedback which assists to
improve the projects going forward.

6 DISCUSSIONS

There is a need for urban innovations to ensure functional and sustainble informal settlements. Informal
settlements provide accommodation to a large number of the population across the city. The living
conditions of informal settlements as a whole are very poor. Government is trying various initiatives to
ensure that these areas are habitable and functional through the provision of various service deliveries and
housing programmes developed. There is a need for implementing various types of technologies to try solve
various informal settlement challenges and enhance these areas. Technologies that could be deployed are (i)
infrastructure monitoring sensors: this could ensure that the available infrastructuure is not strained or what
kind of infrastructure does the area require to provide prompt response before a challenge emerge. For
example (a) electricity: if there is a strain in power supply and illegal connections are taking place, and or
lack of service provision of power supply creates negative impacts such as crime, (b) waste management: if
the environment is experiencing more than what it should regarding proper functioning, the sensors could
provide signals for attention and assist plan for locations that could provide a service for future prevention,
(c) sensing drainage systems: this could provide awareness of blocked drainages for example by solid waste
materials, and could notify the service providers that there is a need of maintanance before heavy storms.

Accordingly, (ii) landscape sensors: the sensors can assist with monitoring areas that could be affected by
heavy storms and provide solutions of the types of drainage systems that need to be implemented. Many
informal settlements are affected by both minor rains as there is difficulties of moving around in these areas
due to flooding and heavy storms which leads to mortality and loss of property. (iii) informal settlement
locator sensors: this could provide suitable areas wereby informal settlement development could be
established, and these areas are not prone to natural disasters and there is provision of basic service delivery,
and control. One may argue that this could promote informality, however, there is a need to realise that
informal settlements are growing and are housing many people but are established in poor areas that leads to
loss of life. Consequently, when sufficient resources are available such areas could be upgraded. (iv) online
platforms: enhanced platforms supporting the current existing one’s, which this could allow informal
settlement dwellers to log enquiries direct to the department that deals with specific area of location and
services, and prompt response provision through communication on the specific challenge or service delivery
provision, and however, this will always vary to availability of resources.

Provision of such technological innovations can assist enhance informal settlements across the City of
Johannesburg. Such technologies could be improved to function better and provide more, and wider services
overtime. The use of technology is playing a critical role in housing development and should not be over
looked but a need to fully utilise such innovations as they provide solutions to simple challenges the
proffessionals, services providers and individuals face.
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7 CONCLUSION

The City of Johannesburg has many informal settlements that have emerged due to many individuals lacking
proper housing affordability. Many people live in dire conditions in these settlements, and most of the
informal settlement dwellers are permanent residents of these settlements. There is a need for enhancement
in various aspects of strategical approaches to enhance informal settlements in the City of Johannesburg. The
study advocates for technolocal innovations to be deployed as they provide efficient services in ensuring that
informal settlements are sustainable.
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