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ABSTRACT

This study investigated the compliance, monitoring and completeness of sanitation data in
selected Gauteng Municipalities relative to Shit Flow Diagram (SFD) requirements—a critical
tool for comprehensive sanitation service chain analysis. The research addressed data
deficiencies that impede effective SFD implementation, a challenge that directly impacts

progress toward Sustainable Development Goal 6.

Through rigorous mixed-methods analysis of Annual Reports, Integrated Development Plans,
and Green Drop Reports, supplemented by practitioner surveys, the research revealed
profound inconsistencies across municipal data ecosystems. Annual Reports demonstrated
striking variations in data quality: Ekurhuleni Metropolitan Municipality achieved 34%
compliance, completeness and active monitoring, Johannesburg Metropolitan Municipality
33%, and Tshwane Metropolitan Municipality 25%. Integrated Development Plans reflected
similar disparities (15-43%), while Green Drop Reports showed consistently inadequate data

quality (7%) across all metros.

The investigation identified critical systemic weaknesses, particularly in documenting faecal
sludge containment, transportation processes, and treatment outcomes. These gaps were
exacerbated by non-standardized terminology, fragmented recording systems, and insufficient
real-time monitoring protocols. Survey responses from SFD practitioners confirmed these
findings, highlighting transportation data as exceptionally problematic, necessitating
extensive fieldwork and stakeholder interviews to overcome documentation inadequacies.

In response, the study developed a comprehensive framework built on five core principles:
data availability, completeness, compliance, active monitoring, and standardization. Applied
to Ekurhuleni Municipality, this framework demonstrated practical utility in prioritizing
interventions and establishing progressive improvement pathways. By aligning with existing
performance monitoring mechanisms like Green Drop certification, the framework creates
accountability measures that strengthen reporting consistency while enhancing service

delivery outcomes.
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ACRONYMS AND ABBREVIATIONS

Acronym/ Abbreviation
AR
CoEMM
CoJMM
CoTMM
CSE
DALYs
DWS
FSM
GDRs
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HH
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IRIS
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SDG 6
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SuSanA
UNICEF
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Meaning
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City of Johannesburg Metropolitan Municipality
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Department of Water and Sanitation (South Africa)
Faecal Sludge Management

Green Drop Reports

Geographic Information System
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Water and Sanitation Program

Wastewater

Wastewater Treatment Plant
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1 INTRODUCTION

This study aims to investigate the relationship between data reporting by water and sanitation
authorities (WSAs) and alighment with the Shit Flow Diagram (SFD). The SFD is a tool initially
developed by the World Bank and further advanced by other organisations to support policy
advocacy and sanitation planning. Studies have highlighted the benefits of SFDs, such as
improving planning and decision-making processes (SuSanA, 2018). However, gaps in data
capture and uniformity exist in many communities, and these need to be addressed in low-
and middle -income countries (Safi et al., 2022). This study explores the availability,
compliance, and completeness of sanitation data in Gauteng in relation to SFD requirements.
As safe sanitation is essential to public health, this research is important (Pearl et al., 2020).
Basic sanitation, according to De Bruijne et al. (2007), is the most affordable technique for
ensuring the sanitary disposal of excreta at the household level, resulting in a clean and
effective way to prevent the transmission of waterborne illnesses. Sanitation is a fundamental
human right, and its denial can have repercussions for other rights, such as those to dignity,
education, health, and safety, as well as the environment (Winkler, 2015). It ensures users'
protection and privacy, shields them from diseases, and allows for the disposal of excreta. In
2015, the United Nations General Assembly established Sustainable Development Goal 6, i.e.,
“clean water and sanitation for all by 2030” (UN, 2018). According to the WHO/UNICEF (2020),
several nations have made significant progress in sanitation coverage, and therefore
improving lives, the environment, and the economy.

Prior to 1994, in South Africa, middle- and high-income socio-economic groups generally
received reliable sanitation services from municipalities, while basic sanitation services were
extended to a limited number of black townships (Bond, 2003). This historical context has
presented significant challenges for the post-1994 government in addressing the long-term
impacts of inadequate sanitation on public health and the environment (Sutherland et al.,
2014). Some municipalities in Gauteng Province continue to face difficulties in ensuring access
to basic sanitation services for all residents. These challenges have contributed to hardships
in low-income areas, as insufficient sanitation facilities increase the risk of water and land

contamination (Majikijela, 2007).
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The Department of Water and Sanitation highlights that many municipalities in the province
contend with issues such as inadequate infrastructure, underperforming wastewater
treatment plants, and insufficient maintenance, which exacerbate health and environmental
risks (DWS, 2023). While the percentage of South Africans with access to improved sanitation
has grown over the years, significant disparities remain, with many communities still reliant
on inadequate systems that pose risks to public health and perpetuate inequalities (DWS,
2023; Africa Check, 2017). The spatial geography prior to 1994 is evident in regions lacking
access to water and sanitation services (Sutherland et al.,, 2014). Many low-income
communities, particularly those situated in areas previously classified as townships and
informal settlements, continue to face barriers to accessing adequate sanitation services. To
address these challenges requires tools designed to monitor and analyse the issues faced by
cities and municipalities. One such tool is the SFD tool, which provides a comprehensive
framework for understanding and addressing sanitation challenges.

An SFD is a simple advocacy and decision-support tool that consists of a report with a graphic
representation of the paths of the faeces produced by the contributing population. It
summarises service outcomes in terms of excreta flow and disposal in metropolitan areas, as
well as a qualitative assessment of the context in which service delivery occurs and a complete
list of data sources. The SFD was developed by Sustainable Sanitation Alliance (SuSanA) as
part of a project funded by the Bill and Melinda Gates Foundation by the WSP, GIZ-GmbH,
SANDEC, the research group at the University of Leeds, WEDC, and CSE. This advocacy tool's
primary objectives are to (1) collect data on the sanitation chain and (2) provide an easily
accessible and graphically clear picture of where the issues in faecal sludge management are
located in any particular city. The SFD has the advantage of providing a unique means to
involve relevant stakeholders in a coordinated discourse regarding excreta management (such
as government leaders, sanitation specialists, and civil society organisations) (SuSanA, 2018).
The graphic depicts places where issues exist along the sanitation value chain, as well as which
parts are handled well. Articulation of SFD allows municipalities in South Africa to
acknowledge the need for remedial action plans to aid in the management of difficulties raised
by the SFDs (Moorgas, 2020). SFDs have also assisted municipal officials in India in prioritising
investments by visualising how excreta is managed as it passes through a metropolis

(Moorgas, 2020).
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1.1 Significance and purpose of the study

This study aids in recognising the lack of and limited data collection and documentation in
some municipalities in the province of Gauteng, and facilitates the creation of a reliable SFD
that provides a realistic overview of sanitation conditions for the province. This SFD includes
data to assist with monitoring the following: (a) containments that are not emptied and that
encounter overflow, leakage, or offloading to the environment; (b) containments that are
emptied but not delivered to treatment, (c) faecal sludge that is delivered to a treatment
facility but is not treated. The SFD is significant not only because it provides a thorough
overview of the issues associated with the delivery of wastewater and Faecal Sludge
Management (FSM) services within the investigated municipalities but also because it
identifies the aspects of service delivery that require improvement. It also provides
stakeholders with a non-technical report to assist in sanitation planning. This study may assist
public authorities and office bearers in understanding the dynamics and challenges they face
in managing sanitation, particularly the issues related to missing or incomplete data that
hinder the development of comprehensive plans to resolve sanitation problems. In particular,
the existing body of research on the difficulties of providing basic services in Gauteng Province
will be enhanced by new insights from this study. It will also contribute to scholarly and

publications, offering additional reference and advancing the research agenda on sanitation.

1.2 Research questions

Based on the aforementioned sections, this study sought to answer the following research
questions:
1. What proportion of the required data for developing an SFD is readily available in
Gauteng municipalities?
2. What critical data gaps exist in meeting SFD requirements?
3. What are the key challenges faced in accessing the required data for SFD development
across Gauteng municipalities?
4. To what extent is the available data compliant, actively monitored, and complete for

SFD development?
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How are data recording and documentation practices standardised or varied across
Gauteng municipalities?

What data barriers were encountered previously during the development of existing
SFDs in South Africa?

How can available tools and strategies resolve the lack of sanitation data in Gauteng

municipalities?

1.3 Objectives

This study aims to assess the compliance, monitoring and completeness of sanitation data in

Gauteng in relation to the SFD requirements. The following are the objectives of the research:

1.

To undertake a literature review on different aspects of sanitation for example
terminology, systems, management tools and challenges.

To collect publicly available sanitation data across municipalities in Gauteng.

To filter, collate and compare the data across selection of Gauteng municipalities.

To develop and administer questionnaires to selected respondents to assess if the
gaps identified in the data are congruent with those experienced by those who have
developed SFDs in South Africa.

To develop a framework to make the available data complete and compatible with the

SFD requirements.

1.4 Research design and methodology

This research employs qualitative and quantitative data research methods and the objectives

in section (1.3) were achieved using the methodology described in the steps below. Details

for each step are presented in chapter 3.

Step 1: Literature Review (Refer to Section 3.1 for additional details)

To achieve Objective 1 to 5, a comprehensive review of the literature was conducted. This

review explored various aspects of sanitation, including terminology, systems, management
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tools, and global challenges. The findings provided a foundational understanding of the

complexities of sanitation data and its alignment with SFD requirements.

Step 2: Data Collection (Refer to Section 3.2.2 for additional details)
To achieve Objective 2, sanitation data were collected from publicly available sources across
Gauteng municipalities. The data collection process involved using relevant municipal

department’s online libraries and accessing published recorded reports and data.

Step 3: Data Collation and Analysis (Refer to Section 3.3 for additional details)

To achieve Objective 3, the collected data were filtered, collated, and compared across
Gauteng municipalities. This process involved identifying patterns, inconsistencies, and
variations in data availability, recording practices, and compliance with SFD requirements- it
means that the data collected fully meets the standards and specifications set by the SFD tool.
This includes covering all key stages of the sanitation service chain while being presented in
the correct format and level of detail required. It also involves using consistent terminology
and definitions aligned with SFD guidelines. Statistical methods and comparative analyses

were used to highlight gaps and similarities.

Step 4: Questionnaire Development and Administration (Refer to Section 3.2.3 for additional
details)

In line with Objective 4, the results from Steps 1 through 3 informed the development of
guestionnaires. These questionnaires were administered to selected respondents with
expertise in SFD development to assess whether the identified gaps in data align with those

experienced during previous SFD implementations in South Africa.

Step 5: Framework Development (Refer to Section 3.4 for additional details)
To achieve Objective 5, a framework was developed based on the outcomes gathered in the
preceding steps. The framework aimed to bridge the gap between the SFD requirements and

the publicly available data from selected municipalities in Gauteng.
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1.5 Structure of the report

This dissertation is structured into eight chapters: an introduction (Chapter 1), a literature
review exploring global and local sanitation challenges (Chapter 2), a detailed Methodology
(Chapter 3), an analysis of results and discussion (Chapter 4), a proposed framework for data
management (Chapter 5), a summary and conclusion with future research recommendations
(Chapter 6), a comprehensive list of References (Chapter 7), and appendices providing

supplementary data and materials (Chapter 8).

The dissertation began by establishing the context and importance of the study, introducing
the background, rationale, research questions, objectives, and methodology, while
contextualising the research within the broader goal of achieving universal sanitation access
by 2030, as outlined in Sustainable Development Goal 6. It reviewed existing research on
sanitation systems, management tools, and challenges, both globally and locally, with a focus
on the use of SFDs and the specific issues faced in South Africa, culminating in an analysis of
the Gauteng municipalities as the study area.

The methodology was detailed, covering the qualitative and quantitative approaches
employed, including data collection, analysis, and framework development to address
identified gaps. The findings presented an evaluation of sanitation data availability,
compliance, and completeness, highlighting inconsistencies and challenges municipalities
faced. Building on these findings, the dissertation developed a tailored framework for
improving sanitation data management in Gauteng municipalities. The study concluded by
summarising key findings, reflecting on research objectives, and offering recommendations
for future research, supported by appendices that provided detailed results, timelines,

methodologies, and records of dissemination.
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2 LITERATURE REVIEW

To achieve objectives (1) to (5), outlined for this study, which focus on assessing the
availability, compliance, and completeness of sanitation data in Gauteng in relation to SFD
requirements, a comprehensive literature review is undertaken. This chapter provides a
review of the existing body of knowledge on key aspects of sanitation, for example,
terminology, systems, tools, data management, policy frameworks, and the role of various

stakeholders in South Africa.

2.1 The structure of the literature review

The literature review provides an analysis of sanitation systems, with a particular focus on
the SFD as a critical tool in urban sanitation management. It contextualises these within
broader themes such as global sanitation challenges, FSM, and the regulatory frameworks
shaping sanitation service delivery. It begins by defining and contextualising sanitation
terminologies and categorising various sanitation systems based on their technologies and
applications. The review then delves into the sanitation service chain, detailing its sequential
components from containment to final disposal. It explores the role of SFDs in urban
sanitation management, tracing their historical development, applications, and
advancements in regions such as Latin America and India. Global sanitation challenges,
including infrastructural inadequacies, financial constraints, sociocultural barriers, political
and institutional issues, and environmental concerns, are critically analysed, alongside their
impacts on health, the economy, and society. Issues specific to FSM and unique sanitation
challenges in South Africa, such as infrastructural and policy limitations, are also examined.
Furthermore, the review evaluates sanitation management policies, legislation, and
regulations in South Africa, highlighting their influence on data governance and service
delivery. It concludes by assessing sanitation data collection and reporting practices and
defining the study area, focusing on Gauteng Province and its municipalities; Johannesburg,

Tshwane, Ekurhuleni, Sedibeng, and West Rand.
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2.2 Sanitation terminologies used

The definitions applied in this study are derived from the Sustainable Sanitation Alliance
(SuSanA, 2018) and Tilley et al. (2014). This is necessary because sanitation terminology and
management practices are not consistent globally, and the SFD tool uses its definitions,
partially adapted from Tilley et al. (2014). Tilley et al. (2014), Compendium of Sanitation
Systems and Technologies, is a book published by Eawag (Department Sandec), which is
widely cited in the sanitation sector. The 2014 edition is the second, expanded edition, and it

serves as a comprehensive reference on sanitation.

Containment: represents the first stage in the sanitation service chain and is a critical
component of the SFD. It involves the collection and initial storage of waste, either on-site
or off-site, depending on the sanitation system. For off-site sanitation, containment
includes two key elements: (a) the toilet and (b) the infrastructure to which the toilet is
connected, typically a pipe leading to a sewer network. In on-site sanitation, containment
encompasses (a) the toilet, (b) the on-site sanitation technology receiving the toilet's
discharge (e.g., septic tanks or pit latrines), and (c) any secondary technology connected
to the on-site system, such as a soak pit or local sewer.

Effluent: refers to the liquid output that exits a sanitation technology, typically following
the separation of solids from blackwater or faecal sludge, or after undergoing partial
treatment.

Emptying: refers to the process of removing faecal sludge from on-site sanitation systems,
such as septic tanks or pit latrines, either manually or using motorised equipment.

Faecal Sludge (FS): refers to the waste material derived from on-site sanitation
technologies or systems, such as pit latrines, septic tanks, or other storage-based facilities.
Off-Site Sanitation: refers to a system where excreta, commonly termed wastewater, are
collected and transported away from the location where they are generated. This type of
sanitation relies on a sewer network or similar infrastructure to convey waste to a
centralised treatment facility.

On-Site Sanitation: refers to sanitation technologies or systems where excreta, often
termed faecal sludge, are collected, stored, and either emptied or treated directly at the

location where they are generated. These systems are independent of sewer networks and
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are commonly used in rural, peri-urban, or resource-constrained areas. Examples include
pit latrines, septic tanks, and composting toilets.

Pit Latrine: is a type of on-site sanitation technology consisting of a pit dug into the ground
to collect and store excreta.

Sanitation Service Chain: is the sequential stages involved in managing excreta, including
containment, emptying, transport, treatment, and end-use or disposal.

Sanitation system: is a context-specific arrangement of sanitation technologies and
services designed to manage faecal sludge and/or wastewater through the key stages of
the sanitation service chain: containment, emptying, transport, treatment, and end-use
or disposal.

Septic Tank: is a watertight chamber, typically constructed from materials such as
concrete, brickwork, fibreglass, PVC, or plastic, designed for the primary treatment of
blackwater and greywater.

Blackwater: wastewater that includes a combination of urine, faeces, and flush water,
along with anal cleansing water when applicable, or dry cleansing materials. It contains
disease-causing organisms from faeces and nutrients from urine, both diluted by the flush
water.

Greywater: wastewater produced from activities such as washing food, clothes, and
dishes, as well as from bathing, but excludes toilet waste.

Sewer: is an underground pipe designed to transport blackwater, greywater, and, in some
cases, stormwater (in the case of a combined sewer system) from individual households
and other users to treatment facilities.

Wastewater: refers to used water that originates from sanitation technologies in
households and other premises, including domestic, industrial, commercial, or agricultural
locations. However, it excludes the wastewater generated directly by industrial,
commercial, or agricultural processes. Wastewater also encompasses surface water runoff
or stormwater, as well as any inflow or infiltration into sewer systems.

Open defecation: refers to the practice where individuals defecate in open spaces such as
fields, forests, bushes, bodies of water, or other unprotected areas due to the absence of

a toilet.
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2.3 Sanitation systems categories

The categorisation of sanitation systems varies, influenced by factors such as technological
design, service delivery methods, and the stages of the sanitation service chain. According to
the Council for Scientific and Industrial Research (CSIR) and the Department of Human
Settlement (2000), sanitation systems can be broadly grouped based on two primary criteria;
(1) the use of water and (2) the requirement for conveyance.

Group 1: No Water Added — Requiring Conveyance

Itincludes sanitation systems where water is not used for human waste management, but the
human waste must be conveyed off-site for treatment or disposal. An example is the chemical
toilet, which is typically used for temporary applications such as construction sites, events, or
during emergencies. These toilets rely on chemical solutions to break down human waste and
control odours within a sealed holding tank. Once full, the tank is emptied and the human
waste is transported to a treatment facility for processing (CSIR, 2000).

Group 2: No Water Added — No Conveyance

It includes sanitation systems where water is not used for flushing, and human waste does not
require external conveyance for treatment, as it is treated and stored on-site. These systems
are designed to operate efficiently in areas with limited water resources and infrastructure.
Examples include the ventilated improved pit (VIP) toilet, ventilated improved double-pit
toilet, ventilated vault toilet, and the urine-diversion toilet (CSIR, 2000).

Group 3: Water Added — Requiring Conveyance

It includes sanitation systems where water is used to flush human waste, and the wastewater
is conveyed to a centralised treatment facility. Full waterborne sanitation is a prime example,
involving the use of flush toilets connected to a sewer system that transports human waste to
treatment plants. They require significant infrastructure investment, including sewer
networks and centralised treatment facilities, and are reliant on a consistent water supply

(CSIR, 2000).

Group 4: Water Added — No Conveyance

It includes sanitation systems such as flushing toilets with septic tanks and subsurface soil
absorption fields and low-flow on-site sanitation systems like the Aqua-privy toilet, which use
water for human waste removal but do not require external conveyance to a centralised

21



treatment facility. In these systems, human waste is flushed into a septic tank, where it
undergoes initial treatment, with liquid effluent being filtered through the soil in an
absorption field. The Aqua-privy toilet, a low-flow system, uses minimal water to flush human
waste into a holding tank, where it undergoes primary treatment. Both systems treat human
waste on-site, eliminating the need for extensive infrastructure like sewer lines and

centralised treatment plants (CSIR, 2000).

2.4 Sanitation service chain

The sanitation service chain comprises five key stages: containment, emptying, transport,
treatment, and reuse/disposal, as illustrated in Figure 1 (Harada et al., 2016). Notably, in some
frameworks, the sanitation service chain is divided into six stages, incorporating capture as an
additional stage before containment, followed by emptying, transport, treatment, and
reuse/disposal (UNICEF, 2020). In this study first stage is containment, this stage focuses on
the manner in which faecal waste is held, distinguishing between on-site and off-site
sanitation facilities. On-site containment methods include latrines connected to piped
sewerage or septic tanks, pit latrines, and container-based sanitation systems, and Off-site
sanitation refers to systems where human waste is collected from individual households or
facilities and transported to a centralised location for treatment or disposal. Unlike on-site
systems (e.g., pit latrines or septic tanks), which manage waste at or near the point of
generation, off-site systems typically involve a network of sewers or trucks to convey human
waste to a treatment plant or other disposal facility. These diverse containment approaches
set the foundation for the subsequent stages of the sanitation service chain (Valette and
Colon, 2024; United Nations Children's Fund and World Health Organisation, 2024).

The sanitation service chain involves a series of interconnected stages designed to manage
human waste safely and efficiently. Following the containment stage, the chain progresses to
the emptying stage, where human waste that has accumulated in facilities such as pits, tanks,
or containers is removed using efficient and hygienic methods (UNICEF, 2020). This is a critical
step to ensure that human waste is handled safely without causing exposure to harmful
pathogens. Honeysuckers (vacuum trucks) are commonly used for mechanised emptying of

wastewater and faecal sludge from septic tanks, lined pits, or holding tanks. The truck uses a
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suction pump to draw the contents through a hose into its storage tank, after which the load
is transported to a designated treatment or disposal facility. This method is efficient for both
liguid and semi-liquid waste, although thicker sludge may require agitation before pumping.
In areas with limited access, smaller mechanised devices such as the Vacuum, Gulper, or
MAPET may be used as alternatives. Once emptied, the collected waste is securely
transported to designated treatment facilities, ensuring that it is moved in a manner that
minimises risks of leakage or contamination, thereby preventing the spread of disease
(UNICEF, 2020).

Efficient monitoring and regulation, enforced by governmental and regulatory bodies, play an
integral role in maintaining health and environmental standards throughout the sanitation
service chain (WHO, 2018). The harmonious function of these components, encompassing
containment, emptying, transportation, treatment, and disposal/reuse, collectively
contributes to public health, environmental sustainability, and the overall well-being of

societies.
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Figure 1: Sanitation service chain (Harada et al., 2016)
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2.5 Shit Flow Diagram

The Sustainable Sanitation Alliance (SuSanA) defines the SFD as a snapshot of the general
sanitation conditions throughout a city, including both on-site and off-site sanitation facilities
(see Figure 2). It is a global network that aims to promote sustainable sanitation systems. It
brings together individuals, organisations, governments, and researchers to collaborate, share
knowledge, and develop innovative solutions to sanitation challenges worldwide. SFD traces
the transit of excreta across the sanitation chain, which includes containment, emptying,
transport, treatment, and reuse or/and disposal. It depicts the proportion of a city’s excreta
that is treated safely and the locations where faecal contamination occurs (SuSanA, 2018).
Mapping these flows highlights areas of the sanitation system that are poorly monitored or
unmetered. These areas are not routinely tracked, management and maintenance issues such

as leaks or blockages often go unnoticed, despite their impact on overall system performance.

The illustration and layout are basic enough for non-sanitation specialists to interpret. This is
essential for establishing a shared understanding and a common vocabulary to discuss the
city's sanitation dilemma, such as where the primary difficulties lie and what it would take to
achieve a city-wide inclusive sanitation. The SuSanA website, a global repository of SFDs,
currently houses reports for over 150 cities in Africa, Asia, and South America which
developed SFDs since 2014. It has assisted in the improvement of the planning framework for
urban sanitation services for 150 million people (Susmita et al., 2022).

Figure 2 shows a visual representation of the sanitation chain, highlighting the various routes
taken by faecal waste within a population. The width of the arrows and the percentages shown
represent the proportion of the population whose faecal waste takes each route, and the
colour of the arrows indicates whether the faecal waste is safely or unsafely managed. Green
indicates safely managed faecal waste, which means that it is properly contained, transported,
treated, and disposed of in a manner that protects human health and the environment. On
the other hand, red indicates unsafely managed faecal waste, which means that the waste is
not adequately contained, transported, or treated, posing risks of contamination and
potential harm to public health and the environment. The direction of the arrow moves from
one sanitation chain to another, ending at a safe disposal area or unsafe disposal area, which
includes but is not limited to the neighbourhood or city.
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Figure 2: SFD example (SFD-PI, 2018a)

2.5.1 Uses of Shit Flow Diagrams (SFDs) in Urban Sanitation Management

The SFD is an essential tool, but does not solve problems on its own. Instead, it initiates crucial
discussions among experts and stakeholders. The initial SFD developed was in 2014 as part of
an assessment of FSM practices across 12 cities. When presented to the city's stakeholders,
the SFD highlighted a critical concern: although only 1% of the population engaged in open
defecation, an alarming 98% of the city's faecal waste was not being managed safely (Blackett
etal., 2014).

SFD reports play a crucial role in enhancing diagnostics and facilitating targeted interventions
at the city level. To maximise the value of a report, it should include a graphic along with a
detailed set of critical information on the sanitation service delivery context of a city,
transparently referencing all the data sources used. Without this comprehensive approach,
sustainable solutions are difficult to achieve.

Presenting an SFD graphic to a key decision maker establishes the tone for productive
discourse, providing a clear and common ground for discussion (SuSana, 2018). These
discussions can occur against various backgrounds. For example, in Babati town, Tanzania,

four key stakeholders of urban sanitation utilised the city's SFD as a starting point, fostering a
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joint understanding of the status quo and informing discussions on possible futures for the
city (Joseph and Priya, 2018). In India, the SFD has been seamlessly integrated into the
ministry's toolkit, complementing the National Urban Sanitation Policy and enhancing
communication among experts while providing valuable information for the public (Pearl et

al., 2020).

2.5.2 Initial development of the Shit Flow Diagram

In a comprehensive study, Blacket et al. (2014) investigated FSM across 12 cities in diverse
countries, including Bolivia, Honduras, Nicaragua, Mozambique, Senegal, Uganda,
Bangladesh, India, Cambodia, Indonesia, and the Philippines. The aim was to analyse the
difficulties of FSM in cities that vary in terms of geographical location, size, type, and level of
service delivery. The researchers utilised the service chain concept as a framework to examine
the physical flow of faecal waste within the system. This approach provides valuable
understanding of the dynamics of faecal waste management across different urban contexts.
Additionally, SFD were developed as tools to briefly summarise the outcomes at the city level
and identify key bottlenecks in the management of faecal waste. The SFD proved instrumental
in offering a visual representation of the faecal waste management process, aiding in the

identification of areas requiring attention and improvement within urban sanitation systems.

The key findings of Blacket et al. (2014) study shown in Table 1 concerning FSM empbhasise
significant challenges and gaps in current practices highlighted in red. Notably, nearly two-
thirds of the households in the examined cities relied on on-site sanitation facilities, but the
safe FSM was achieved for only approximately 22% of the households on average.
Furthermore, in just 2 of the 12 studied cities, (i.e., Palu city in Indonesia and Dumaguete in
the Philippines), over 50% of households using on-site systems adequately managed their
faecal waste indicated with brackets in Table 1. FSM, characterised by unsystematic and
unplanned approaches primarily provided by informal private service providers, is not given
attention by policymakers. While commonly perceived as a temporary solution for informal
areas, FSM serves legal settlements as well. Policymaking tends to favour sewerage over FSM,
and there is a notable scarcity of data and information on the subject (Peal et al., 2014).
Technical and institutional challenges compound the issue, including poorly regulated faecal
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sludge collection, prevalent illegal dumping, inadequately constructed toilets that do not
consider emptying, widespread unhygienic manual emptying, and a lack of appropriate
treatment and disposal facilities. Moreover, there are insufficient empirical data for estimating
faecal sludge accumulation rates and the demand for management services, emphasising the
pressing need for comprehensive improvements in current sanitation practices (Blacket et al.,

2014).

Table 1: Overview of faecal sludge management services in the 12 cities

% Households Using % Fecal Waste Safely Managed

On-site Open On-site
Country City FSM Type Systems Sewerage Defecation Systems Sewerage  Total
Latin America
Bolivia Santa Cruz 51% 44% 5% 38% 100% 59%
Honduras Tegucigalpa 16% 81% 3% 31% 8% 11%
Nicaragua Managua 56% 40% 4% 38% 81% 52%
Africa
Mozambique Maputo [ R 10% 1% 28% 12% 26%
Senegal Dakar 3—improving  73% 25% 2% 39% 12% 31%
Uganda Kampala 2—basic 90% % 1% 37% 80% 40%
South Asia
Bangladesh  Dhaka 79% 20% 1% % 10% %
India Delhi 24% 75% 1% % 46% 34%
East Asia
Cambodia Phnom Penh _ 72% 25% 3% % 0% 0%
Indonesia Palu 3—improving 91% — 9% 95% — 86%
Philippines  Dumaguete 3—improving 97% — 3% ‘I 95% I> — 92%
Philippines  Manila IZ basic 88% % 3% 41% 90% 44%
Totals 64% 34% 2% 22% 42% 29%

2.5.3 Advancements since the initial SFD: Latin America- Focus on Bolivia

The evolution of SFDs between 2013 and 2016 for Santa Cruz are shown in Figure 3 and Figure
4, respectively. In the Peal et al. (2014) SFD report, it was estimated that approximately 60%
of faecal waste in Santa Cruz is safely disposed, primarily from households connected to
sewers or those with safely covered pits. However, a considerable volume is discharged
unsafely because of open defecation or inadequate on-site facilities. Furtlong's (2016) study,
three years later, indicated a significant improvement, with 70% of excreta considered safely
managed. The difference in findings is attributed to differing definitions of "safely managed."

In Furlong's 2016 report, it referred to the low risk of faecal contamination entering the water
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supply due to high piped water usage. However, the SFD report by Peal et al. (2014) adopted
a broader perspective, classifying 29% of excreta as safely managed while emphasising a focus
on broader environmental risks. This difference in definitions impacts the classification of on-
site sanitation systems, highlighting the need for precise terminology in assessing

management effectiveness.
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Figure 3: Santa Cruz SFD (Peal et al., 2014)
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Figure 4: Santa Cruz SFD (Furlong., 2016)
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2.5.4 Advancements since the initial SFD: India

The Indian government, with support from the Bill and Melinda Gates Foundation, utilised the
SFD generated under the Swachh Bharat Mission to evaluate and implement alternatives for
improving sanitation in India, aiming to eliminate open defecation (Susmita et al., 2022). The
achievements in the previous decade paved the way for universal sanitation access in India
(Sankara, 2022). Through training programs and dissemination initiatives, the Deutsche
Gesellschaft fir Internationale Zusammenarbeit (GIZ), who manage the SFD on behalf of
SuSanA, and the Centre for Science and Environment (CSE) in New Delhi took up the project
in India to help government officials visualise the sanitation status in their cities (Furlong,
2016). In India, SFDs have been widely used as an advocacy tool. As at 2022, CSE has provided
SFDs to 66 cities in Uttar Pradesh to kick off a state-wide project to manage faecal sludge (CSE,
2022). SFDs have since been developed for hundreds of Indian cities and towns.

Significant advancements following the initial SFD in South Asia, specifically Bijnor, India, have
been observed (Rohila et al., 2020). The SFD reports for 2017 and 2020, represented in Figure
5 and Figure 6, respectively, reveal improvement of faecal waste management. According to
Rohilla et al. (2017), the percentage of faecal waste unsafely disposed of was reported to be
98%. However, Rohilla et al. (2017) indicates a substantial improvement of faecal waste
management, with the unsafely disposed faecal waste reduced to 59% in Bijnor, Uttar

Pradesh.
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Bijnor (vn 2017), Uttar Pradesh, India Date prepared: 21 Apr 2017
Version: Reviewed Prepared by: CSE, India

SFD Level: 3 Comprehensive SFD
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Produced with support from the SFD Promotion Initiative with funding from the Bill & Melinda Gates Foundation.
The SFD Promotion Initiative recommends that this graphic is read in conjunction with the city's SFD Report which is available at sfd.susana,org
Figure 5: Bijnor India SFD (Rohilla et al., 2017)
Bijnor (vn 2020), Uttar Pradesh, India Date prepared: 19 Mar 2020

Version: Reviewed Prepared by: CSE, India
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Produced with support from the SFD Promotion Initiative with funding from the Bill & Melinda Gates Foundation.
The SFD Promotion Initiative recommends that this graphic is read in conjunction with the city's SFD Report which is available at sfd.susana.org
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Figure 6: Bijnor India SFD (Rohilla et al., 2020)
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2.6 Global sanitation challenges

The right to basic water and sanitation has been recognised as a fundamental human right
(Beail-Farkas, 2012). It is also stated in UN SDG 6 and SDG 10 "to ensure that all people have

m.n

equal access to water and sanitation services," "to eliminate inequality and promote
inclusiveness" (UN, 2015). However, according to the WHO/UNICEF Joint Monitoring
Programme 2020, 779 million people in Africa still lack basic sanitation, including 208 million
who practice open defecation (WHO/UNICEF, 2022). According to Bayu et al. (2020), unequal
access to sanitation services in developing countries is influenced by the social and political
components of water governance.

Achieving SDG 6.2, which focuses on ensuring access to adequate and equitable sanitation
and hygiene, requires more than just the development of sanitation infrastructure. While
national organisations often prioritise building sanitation facilities, the critical aspects of
service delivery—such as effective monitoring and maintenance—are frequently overlooked
(Department of Water and Sanitation, 2023). This lack of attention to the sustainability of
sanitation services can lead to deteriorating infrastructure, insufficient access in underserved
communities, and increased health risks due to poor sanitation (Majikijela, 2007). Focusing
solely on infrastructure without adequate post-construction management hinders long-term
progress toward meeting sanitation goals (Winkler, 2015). As a result, it is imperative to adopt
a holistic approach that includes regular monitoring, maintenance, and data collection to
ensure that sanitation services are sustainable and meet the needs of all communities (DWS,
2023). The lack of knowledge and a culture of poor sanitation management significantly
contribute to the ongoing sanitation challenges in many regions, particularly in developing
countries. As Biswas et al. (2021) highlight, inadequate understanding of proper sanitation
practices, coupled with cultural attitudes that do not prioritise sanitation, often leads to poor
hygiene, mismanagement of waste, and inefficient waste disposal methods. These issues are
exacerbated when communities do not see sanitation as a fundamental right or a priority,

further hindering efforts to improve infrastructure and services.
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2.6.1 Inadequate Infrastructure

Inadequate infrastructure is one of the most pressing challenges in global sanitation,
particularly in low- and middle-income countries. The infrastructure required to support safe
sanitation—such as sewer systems, wastewater treatment plants, and clean water supplies—
is either underdeveloped or non-existent in many regions. This deficit is especially severe in
rural areas and informal urban settlements, where the cost of installing and maintaining
sanitation systems is often prohibitive (Hutton & Chase, 2016). In such settings, people
frequently rely on unimproved sanitation facilities, such as pit latrines or open defaecations,
which pose significant health risks due to the contamination of water sources and the spread
of diseases such as cholera and diarrhoeal illnesses (Graham & Polizzotto, 2013).

The infrastructure challenge is exacerbated by rapid urbanisation, particularly in developing
countries. As cities expand, the demand for sanitation services grows, often outpacing the
capacity of existing infrastructure. This leads to overcrowding, increased waste generation,
and strain on already inadequate sanitation systems. Urban areas in sub-Saharan Africa and
South Asia, for example, are struggling to manage the waste generated by rapidly growing
populations, leading to widespread public health issues (UNICEF, 2020). Moreover, many
governments lack the financial resources and technical expertise to expand and maintain
sanitation infrastructure effectively, further complicating efforts to improve sanitation

coverage (World Bank, 2016).

2.6.2 Financial Constraints

Financial constraints are a significant barrier to improving global sanitation. The costs
associated with building and maintaining sanitation infrastructure, implementing sanitation
programs, and providing sanitation services are substantial. Many low- and middle-income
countries lack the necessary financial resources to meet these costs, resulting in significant
gaps in sanitation coverage (Hutton & Varughese, 2016). According to estimates by the World
Bank, achieving universal access to basic sanitation by 2030, as outlined in the Sustainable
Development Goals (SDGs), will require an annual investment of $114 billion in capital alone
(World Bank, 2016). However, current funding levels fall far short of this target, leaving many
countries unable to provide even basic sanitation services to their populations.
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In many low-income countries, reliance on external aid and donor funding to finance
sanitation projects is common. While such funding is crucial, it is often unpredictable and
insufficient to meet long-term needs (Hutton & Chase, 2016). The dependence on external
funding can also lead to a lack of ownership and commitment from local governments,
undermining the sustainability of sanitation projects. Moreover, the allocation of funds is
frequently skewed toward urban areas, where infrastructure investments are seen as more
cost-effective, leaving rural and marginalised communities without adequate resources for
sanitation improvement.

Furthermore, the prioritisation of sanitation within national budgets is often low. Competing
demands for limited public resources mean that sanitation often receives less attention than
other sectors do, such as education, healthcare, or defence. This underinvestment is a major
obstacle to progress in achieving global sanitation targets and addressing the needs of the

most vulnerable populations (Bartram & Cairncross, 2010).

2.6.3 Sociocultural and behavioural barriers

Sociocultural and behavioural factors significantly influence sanitation practices and pose
substantial challenges to improving global sanitation. In many communities, traditional
beliefs, taboos, and social norms shape attitudes toward sanitation and hygiene, often leading
to resistance to change (Jenkins & Scott, 2007). For example, in some cultures, discussions
about sanitation, particularly concerning human waste, are considered taboo, making it
difficult to promote the adoption of safe sanitation practices. Additionally, in many societies,
gender dynamics play a critical role in access to sanitation. Women face significant challenges
in accessing sanitation facilities because of privacy concerns, safety issues, and cultural
restrictions that limit their mobility and use of shared facilities (Sommer et al., 2015).
Behavioural factors such as a lack of awareness about the importance of sanitation and
hygiene further complicate efforts to improve sanitation. In many low-income settings, people
may not fully understand the health risks associated with poor sanitation, leading to a low
demand for improved sanitation facilities (Bhagwat et al.,2022). For example, the practice of
open defecation remains prevalent in many parts of South Asia and sub-Saharan Africa, not
only because of a lack of access to sanitation facilities but also because of deeply ingrained
cultural practices (Coffey et al., 2014). Efforts to change behaviours through sanitation
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marketing, education, and community engagement are crucial but often require significant
time, resources, and cultural sensitivity.

Sociocultural barriers also intersect with economic and educational inequalities, further
complicating efforts to improve sanitation. For example, households in poorer communities
may prioritise immediate survival needs over investments in sanitation, whereas low levels of
education may limit the understanding of the health benefits of improved sanitation (Harris
et al., 2017). Addressing these barriers requires a multifaceted approach that includes not
only infrastructure development but also community-based interventions that respect and

incorporate local cultural practices.

2.6.4 Political and Institutional Challenges

Political and institutional challenges are significant obstacles to improving global sanitation.
In many countries, sanitation is not prioritised as a public health issue, leading to a lack of
political will and inadequate policy frameworks (Bartram & Cairncross, 2010). Even where
sanitation policies exist, they are often poorly implemented due to weak governance
structures, corruption, and a lack of coordination among different government agencies. This
can result in fragmented and ineffective sanitation programs that fail to reach those most in
need.

The lack of political commitment to sanitation is often reflected in national budgets, where
sanitation typically receives minimal funding compared with other sectors. This
underinvestment hampers efforts to expand sanitation coverage and improve service delivery,
particularly in rural and marginalised areas. Moreover, political instability in some regions
further complicates the implementation of sanitation programs, as changing governments and
policies can disrupt long-term planning and investment in the sector (Cronk & Bartram, 2018).
Institutional challenges also include the capacity limitations of local governments and
agencies responsible for sanitation services. In many low- and middle-income countries, the
institutions tasked with managing sanitation are under resourced, understaffed, and lack the
technical expertise needed to design and implement effective sanitation programs (Hutton &
Chase, 2016). This institutional weakness is compounded by a lack of data and monitoring
systems, making it difficult to assess the effectiveness of sanitation interventions and to hold
service providers accountable.
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Coordination between different government agencies, NGOs, and the private sector is often
lacking, leading to inefficiencies and duplication of efforts. For example, in many countries,
multiple agencies are responsible for different aspects of water and sanitation, leading to
overlapping mandates and unclear lines of responsibility (Bartram et al., 2014). This lack of
coordination can result in fragmented service delivery, with some communities receiving
multiple interventions while others are neglected.

Additionally, corruption and mismanagement of resources pose significant challenges to
improving sanitation. In some countries, funds allocated for sanitation are siphoned off or
misused, leading to delays in project implementation and substandard infrastructure
(Transparency International, 2008). Addressing these political and institutional challenges
requires stronger governance structures, greater transparency and accountability, and a

commitment to prioritising sanitation as a key component of public health.

2.6.5 Environmental challenges

Environmental challenges are increasingly complicating efforts to improve sanitation
worldwide. Climate change, for example, has had profound impacts on water resources and
sanitation systems worldwide. Rising temperatures, changing precipitation patterns, and
more frequent extreme weather events, such as floods, droughts, and storms, disrupt water
supplies and damage sanitation infrastructure (Howard et al., 2010). Floods can overwhelm
sanitation systems, leading to overflow of latrines and septic tanks, the contamination of
water sources, and the spread of waterborne diseases. Droughts, on the other hand,
exacerbate water scarcity, making it difficult to maintain adequate sanitation and hygiene

practices, particularly in arid and semiarid regions.

The impact of climate change on sanitation is particularly acute in low- and middle-income
countries, where infrastructure is often ill equipped to cope with extreme weather events. For
example, many rural communities in sub-Saharan Africa rely on pit latrines, which are
vulnerable to flooding and can easily contaminate local water sources (Graham & Polizzotto,
2013). In coastal regions, rising sea levels and saltwater intrusion threaten the viability of
existing sanitation systems, leading to the need for costly and complex adaptations (Howard
et al., 2010).
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In addition to climate change, environmental degradation poses significant challenges to
sanitation. Deforestation, land degradation, and the loss of wetlands reduce the availability of
clean water and increase the vulnerability of communities to waterborne diseases. The
pollution of water bodies by industrial waste, agricultural runoff, and untreated sewage
further exacerbates the sanitation crisis, particularly in densely populated urban areas (Priss-
Ustlin et al., 2019). In many cities in developing countries, untreated sewage is discharged
directly into rivers and oceans, leading to the contamination of water supplies and posing

significant public health risks (UNEP, 2016).

2.6.6 Collecting, Managing, and Reporting Sanitation Data

Sanitation data collection, management, and reporting are essential components of global
health and environmental monitoring systems. However, these processes are fraught with
numerous challenges that hinder the effective management and utilisation of sanitation data.
These challenges are particularly pronounced in low- and middle-income countries, where

infrastructure, financial resources, and technical expertise are often lacking.

1. Inadequate Infrastructure for Data Collection
One of the most significant challenges in collecting sanitation data is the lack of adequate
infrastructure. In many regions, especially in low-income countries, the systems necessary for
monitoring and recording sanitation data are either non-existent or poorly maintained
(Hutton & Chase, 2016). For example, in rural areas and informal settlements, the absence of
formalised sanitation facilities makes it difficult to gather accurate data on sanitation access
and usage. Additionally, the lack of reliable water supply and sewage systems further
complicates data collection efforts, as these are often key indicators of sanitation quality

(Graham & Polizzotto, 2013).

2. Limited Financial Resources
The collection and management of sanitation data require substantial financial investments,
which are often beyond the reach of many developing countries. Financial constraints can lead
to underfunding of data collection initiatives, resulting in incomplete or outdated data (WHO,
2019). In some cases, the costs associated with data collection, such as employing field staff,
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purchasing equipment, and maintaining databases, are prohibitively high, leading to reliance
on sporadic surveys rather than continuous monitoring (JMP, 2021). This lack of consistent
funding hampers the ability to develop comprehensive datasets that can inform effective

sanitation policies and interventions.

3. Insufficient Technical Expertise
Another major challenge is the lack of technical expertise required for the collection,
management, and analysis of sanitation data. In many developing countries, trained
professionals who can design and implement effective data collection methodologies, manage
large datasets, and conduct sophisticated analyses are lacking (Cronk & Bartram, 2018). These
skill gaps often result in poor data quality, with errors in data collection, processing, and
reporting. Furthermore, the limited availability of training programs and resources for building
capacity in data management exacerbates this issue, resulting in many countries being ill

equipped to handle the complexities of sanitation data.

4. Variability in Data Collection Methodologies
The lack of standardised methodologies for collecting sanitation data is a significant challenge
globally. Different countries and regions often employ varying techniques and metrics for
measuring sanitation indicators, making it difficult to compare data across different contexts
(Bartram et al., 2014). This variability can lead to inconsistencies in reported data,
complicating efforts to track global progress in sanitation targets, such as those outlined in the
Sustainable Development Goals (SDGs). For example, while some regions may focus on access
to sanitation facilities, others may emphasise the quality of these facilities, leading to

discrepancies in the reported data (WHO & UNICEF, 2021).

5. Political and Institutional Barriers
Political and institutional barriers also play a significant role in hindering the effective
collection, management, and reporting of sanitation data. In some cases, governments may
lack the political will to invest in sanitation data collection or may prioritise other sectors over
sanitation (WHO, 2019). Additionally, bureaucratic inefficiencies, corruption, and a lack of

coordination between different government agencies can impede the flow of information and
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result in fragmented or incomplete datasets. These barriers are particularly pronounced in

regions with unstable governments or where sanitation is not seen as a priority.

6. Technological Constraints
While advances in technology have the potential to revolutionise sanitation data collection
and management, technological constraints remain a significant challenge in many parts of
the world. Limited access to modern data collection tools, such as geographic information
systems (GISs), mobile data collection apps, and data management software, hinders the
ability to gather, analyse, and report sanitation data efficiently (Crocker et al., 2017). In regions
with poor internet connectivity, data transmission and real-time reporting are also severely

constrained, leading to delays and potential data loss.

2.7 Impact of global sanitation challenges

Global sanitation challenges represent one of the most pressing public health and
environmental issues, with significant implications for human well-being, economic

development, and ecological sustainability.

2.7.1 Health Impacts

Owing to a lack of sanitation infrastructure, 9% of the world's population is forced to practice
open defecation, resulting in faeces contaminating water sources, which exposes vulnerable
communities to hazardous bacteria and viruses that can cause fatal infections; these places
further strain on already overburdened healthcare systems (WaterAid, 2020). According to
Kayembe et al. (2018), the microbiological analysis of water samples collected from the Kololo
River of the Congo River, also known as Jerusalem River, revealed that during the rainy season,
the wells and rivers are significantly contaminated with faeces and do not meet WHO
guidelines for use. The introduction of microbes from rivers and wells into the urban
environment raises the overall potential risk of human infection in one of several ways as

indicated on Figure 7: through direct ingestion, through the presence of a potential source of
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bacterial contamination in uncooked foods, or through contamination that occurs during

recreational activities (Kayembe et al.,2018).

Faecal-Oral Transmission Route and Preventive Measures

=
N /) Handwashing with soap

Proper washing of fruits
and raw vegetables

Keeping domestic
animals inside the fence

Proper Faecal Sludge
Management (FSM)

Proper use of clean and ééfe toilet

Figure 7: F Diagram (Environment and Public Health Organisation (ENPHO), 2018)

According to estimates provided by the WHO/UNICEF (2020), adequate WASH services could
have saved 1.9 million deaths but resulted in the loss of nearly 120 million disability-adjusted
life years. They also emphasise how improper sanitation is a factor in approximately 830,000
fatalities and over 49 million disability-adjusted life years (DALYs) lost owing to diarrheal
infections, in addition to a great number of other factors (WHO/UNICEF, 2020). Unfortunately,
owing to a lack of access to adequate sanitation, 525 000 children under the age of five lose
their lives to diarrhoea-related illnesses each year (WHO, 2017). In Ethiopia, unsafe and
inadequate water supplies, together with poor hygiene and sanitation practices, are the root

causes of 60—-80% of communicable diseases (Soboksa et al., 2020).

2.7.2 Economic impact

Oxford Economics (2016) conducted a study to explain the costs of inadequate sanitation and
reported that the difficulty in accessing public sanitation facilities consumes time that could
otherwise be spent on economic activities. As a result, these activities have a negative impact

on the economy, or there may be a negative impact on productivity due to illnesses caused by
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a lack of sanitation. Furthermore, premature death places economic strain on the family and
country because the lost potential revenue from each life has not lived fully, and finally,
sanitation-related sickness treatment, whether provided by the state or paid for by the
individual, drains money from the economy that could have been spent elsewhere.

Van Minh et al. (2011) reported that poor sanitation can lead to significant financial
expenditures associated with illness and mortality. Inadequate sanitation not only impacts
health but also leads to inefficiencies, such as the waste of time and effort due to the location
of sanitation facilities, which may be either too far away or insufficient in number. This can
lead to significant inconvenience for communities, forcing individuals to spend excessive time
searching for or traveling to these facilities, which could otherwise be spent productively
(Sutherland et al., 2014). Moreover, the lack of accessible sanitation facilities can also result
in a loss of revenue, particularly in areas dependent on tourism. Tourists are often deterred
from visiting regions with poor sanitation infrastructure, which affects local economies by
reducing the number of visitors and, consequently, revenue from tourism-related activities
(Majikijela, 2007). According to research based on 2006 data, poor sanitation costs India
approximately 6.4% of its GDP, which is more than the GDP of all but five of the country's
states (WHO, 2014). This highlights the significant economic burden of inadequate sanitation
infrastructure, which not only affects public health but also stifles broader economic
development by diverting resources away from more productive uses. The Swachh Bharat
Mission (SBM) was the largest campaign undertaken in India between 2014 and 2019, and its
goals were to end the practice of open defecation and improve the management of solid
waste. The National Faecal Sludge and Septage Management Alliance, Sustainable Sanitation
Alliance, and International Water Association all partnered to make the campaign successful
(NFSSM Alliance and NiTi Aayog, 2021). The SuSanA India chapter contributed to the Clean
India Campaign Swachh Bharat Abhiyan of the Indian Government by promoting sanitation
discussions and by integrating the Indian and global discourse on sustainable sanitation using
the SFD to educate stakeholders from various backgrounds on the state of citywide sanitation
(Panesar et al., 2022). This campaign was a success, and a subsequent study revealed annual

cost reductions per household, with savings on medical costs (WHO/UNICEF, 2020).
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2.7.3 Social impacts

The education and livelihoods of billions of people worldwide are directly impacted by
inadequate or non-existent sanitary facilities, and some groups—such as women and girls—
are disproportionately affected (WHO/UNICEF, 2020; WaterAid, 2020; Pearson et al., 2008). A
lack of access to water for handwashing, sanitary pad disposal options, and WASH facilities
puts women and girls at risk of facing challenges in maintaining their menstrual hygiene
(Yongsi, 2021). According to a study by Krenz and Strulik (2019), which Nunbogu et al. (2022)
mention, it is extremely difficult for women to manage their periods with the dignity and
privacy they deserve, which has an impact on their involvement in school. This makes it
difficult for them to be involved in their education. Nunbogu et al. (2022) also stated that the
absence of sanitary facilities and services increases the risk of gender-based violence.

Inadequate sanitation services violate the dignity of people with disabilities and incontinence
in various ways. Garofolo, (2022), shows that despite the Swachh Bharat Mission, the largest
sanitation initiative in India, there are still issues with sanitation facilities accommodating
everyone. For example, certain restrooms may be accessible for wheelchair users but not for
those with other disabilities because of their varying layouts and absence of tangible
elements, which makes them challenging for those who are visually impaired. According to
Getahun et al. (2022), disabled people with low socioeconomic levels are more likely to live in

areas with inaccessible toilets than wealthy people are.

2.8 Faecal Sludge Management issues

The term FSM is not used directly in Sustainable Development Goal 6, although it is
encompassed by the phrase safely managed sanitation services (CAWST, 2016). Faecal sludge
must be safely contained on-site, then emptied, transferred to a treatment plant, processed,
and used for resource recovery or safe disposal (Hidenori et al., 2016). Failure to manage
faecal sludge effectively is directly accountable for the negative consequences for human
health and the environment worldwide. It is not enough to just construct a latrine to ensure
proper sanitation and public health. Untreated faecal sludge penetrates the environment and

contaminates drinking water sources in the absence of FSM services. CAWST (2016) suggests
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that FSM is equivalent to poor open defecation as they have equal impact on society, economy
and the environment.

Simiyu et al. (2021) reported that one of the problems with FSM in Nakuru town, Kenya, is the
predominance of on-site sanitation facilities, which are constrained and shared by many
families, resulting in filthy facilities that quickly fill up due to the large number of users. The
study revealed that FSM in Nakuru is affected mostly by unfavourable community perceptions
and attitudes (Simiyu et al. ,2021). In Kombolcha, Ethiopia, FSM problems include open
defecation caused by a lack of facilities, pit overflow and leakage, and unauthorised septic
tank or pit outlet connections to drainage canals and bodies of water (Endris et al., 2022). The

FSM problems that developing nations encounter are as follows.

2.8.1 Awareness and skills issues

There is a knowledge gap regarding the proper procedures to follow to guarantee that faecal
sludge can be discarded safely (CAWST, 2016). According to key informant interviews (Klls)
conducted by Magbool et al. (2022) with officials in charge of sanitation facilities in various
cities of Pakistan, there is a lack of information and awareness about FSM; hence, there is a
failure to manage sanitation facilities. In India, only toilets with septic tanks are found with
service holes, but pits are installed without means of emptying, and there is not enough space

to accommodate the installation of the service hole over the pits (Shahriar et al., 2022).

2.8.2 Disposal Issues

The problem with the disposal of sludge from on-site sanitation facilities, including dry toilets,
public toilets, and septic tanks, is that it is often mishandled and poorly managed. Every day,
faecal sludge is either improperly discarded in open spaces or water sources or used in farming
or aquaculture without adequate treatment (Ingallinella et al., 2002). Improper maintenance
and emptying of septic tanks can lead to significant performance issues, which worsen when
sludge is not handled or treated correctly (Hidenori et al., 2016). In larger cities, faecal sludge
collection and transportation face substantial challenges. These include inaccessible pits for
emptying vehicles, traffic congestion that hampers efficient operations, and poorly
administered emptying services (Ingallinella et al., 2002). Additionally, some trucks emptying
septic tanks discharge the sludge directly into the environment due to a lack of regulations

and incentives. In Indonesia, for instance, trucks receive tokens as incentives, which can only
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be redeemed after depositing the sludge at a treatment plant, which has helped curb illegal

dumping (Foxon et al., 2011).

2.8.3 Access Control Issue

Simiyu et al. (2021) state that emptying services do not always have access to on-site
sanitation systems because of space restrictions or because they might be situated too far
from a service provider. Devaraj et al. (2021) indicated that the problem with emptying trucks
is that the roads are frequently too narrow and badly designed. Additionally, many engineers
neglect the emptying component when constructing on-site sanitation systems, making
access to latrine pits or septic tanks difficult (Simiyu et al., 2021).

The difficulties in providing services to informal settlements in Kampala, Uganda, were
identified through interviews and stakeholder consultations and included in the framework by
Singh et al. (2022). These difficulties included high operational costs and the cost of providing
services, among other factors. Many manual transport companies do not have funds to carry
sludge to a faraway treatment facility; instead, they choose to dump the untreated sludge into
the area immediately surrounding the sanitation site (Simiyu et al., 2021).

The lack of FSM services is primarily due to insufficient investment in the development,
operation, and maintenance of faecal sludge facilities. These facilities are unable to function
effectively because there is little to no financial support for their long-term operation and
upkeep (United Nations Environment Programme, 2020). Without proper funding and
infrastructure, managing the disposal and treatment of faecal sludge becomes a significant
challenge, which leads to poor sanitation and environmental contamination. This issue is
compounded in many regions where the need for such services far outweighs the available

resources.

2.8.4 Policy Issues

According to the analysis of 12 cities by Peal et al. (2014), the formation of public policy
continues to prioritise the installation of sewer networks above on-site sanitary facilities,
which are frequently considered short-term solutions or services for informal settlements.
Engineers and municipalities have long regarded on-site sludge management as a low

priority, with little to no attention given to it (Strande et al.,2014). As a result, relatively few
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countries have devised a FSM policy. According to Strande et al. (2014), the faecal sludge law
in developing nations either does not exist or is inadequate. This leads to the illegal disposal
of untreated sludge into the environment, but in places where regulations exist, enforcing

such rules has proven challenging.

2.9 Sanitation issues faced in South Africa

Ensuring effective sanitation services is paramount for mitigating health risks and preserving
the environment. Central to this effort is the establishment of sufficient sanitation facilities
capable of efficiently collecting and treating sewage, thereby upholding human dignity and
safeguarding public health. However, South Africa faces significant challenges in sanitation
and wastewater treatment systems (Plessis, 2023). The persistent issue of limited access to
safe and dignified sanitation facilities has become a longstanding concern for a substantial
portion of the South African population. Recent reports highlight a distressing increase in the
discharge of raw sewage into the Vaal River, which poses both environmental risks and
contributes to public health crises. Notably, UNICEF (2023) reported that among fifteen
people who died from a cholera outbreak in South Africa, two were children, as confirmed by
the Gauteng Department of Health. Recent fatalities have occurred in Hammanskraal,
Gauteng Province, with additional cholera cases reported in Free State Province (UNICEF,
2023).

Access to adequate sanitation facilities remains a critical issue in South Africa. Despite recent
progress, a significant portion of the population, especially in rural areas and informal
settlements, lacks access to basic sanitation services (DWS, 2021). According to a report by
the DWS, approximately 4.3 million South Africans still rely on basic pit toilets, highlighting
the persistent gaps in sanitation infrastructure. Figure 7 presents a sanitation facility
documented by Eyewitness News in a report by lIsaacs (2018), depicting an incident at
Mahlodumela Primary School where a five-year-old pupil fell into a pit toilet and drowned.
Figure 8 also features a sanitation facility covered by Times Live News, as reported by Skuy
(2023). The news article addresses an incident where a four-year-old girl was found dead in a

pit toilet at a school in the Eastern Cape.
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CHILD (3) DIES AFTER FALLING INTO PIT TOILET IN
LIMPOPO

It's understood the incident occurred on Wednesday while the child was visiting a relative’s home in
Moletjie Ditenteng.

Figure 8: Shows the sanitation facility conditions in Figure 9: The sanitation facility in the Eastern Cape. (Skuy,

Limpopo (Isaacs, 2018) 2023)

South Africa's wastewater treatment infrastructure is in critical condition, as indicated by the
recent Green Drop 2023 report. This assessment revealed that more than 60% of the country's
wastewater treatment facilities are classified as ‘poor to critical’ (Green Drop Report, 2023).
The South African Department of Water and Sanitation (DWS) emphasised the severity of the
situation, stating that 56% of the nation's 1,150 wastewater treatment plants are in either
"poor or critical condition," with 265 of them specifically noted as ‘in a state of decay.” Data
from the DWS Integrated Regulatory Information System (IRIS) Dashboard show that 75% of
the 910 municipal wastewater treatment plants assessed in 2020 had effluent compliance
levels below 50%. In contrast, only 144 municipalities met the required standards, highlighting
a significant gap in wastewater treatment performance nationwide (Green Drop Report,

2023).

2.10 Shit Flow Diagram in South Africa

The development of the initial SFD in South Africa was led by the WASH R&D Centre at the
University of KwaZulu-Natal in collaboration with eThekwini Municipality. This initiative
marked the first instance of an SFD being developed in South Africa as part of the broader SFD
Promotion Initiative. Following this, the Water Research Commission (WRC) took up the task
of expanding the implementation of SFDs across South Africa (WRC, 2021).

Since then, several key organisations have contributed to the growth of the SFD initiative

within the country. Emanti — Water & Environmental Engineering Services, a consulting
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company, has been instrumental in developing eight SFDs across South Africa. Additionally,
the Centre for Science and Environment (CSE) in India partnered with the WRC to provide
training to municipalities across South Africa. This collaboration aimed to develop local
trainers for the SFD, thereby empowering municipalities with the necessary skills for future

implementation (WRC, 2021).

One notable example is the SFD developed for the Amathole District Municipality in the
Eastern Cape, where data collection was facilitated by readily available data from Statistics
South Africa (Emanti Management, 2022). However, it was noted that the SFDs created after
the initial development in South Africa lacked data reflecting more recent advancements in
service provision. Gaps were observed between the Integrated Development Plan (IDP) and
the Water Services Development Plan (WSDP), particularly concerning population size and the
number of people served (Emanti Management, 2022). In terms of data collection, municipal
officials from uMgungundlovu in Dalton Coolair were approached through a combination of
email, formal letters, and phone calls prior to initiating data collection for the local
municipality. Despite the challenges, the first SFD developed for Durban highlighted some of
the data limitations, especially regarding the volume of wastewater that was not transported
to treatment works. This data was primarily based on indirect sources, such as the frequency
of blockages and estimates of wastewater overflow in certain areas, leading to gaps in the

accuracy of the information (Cross et al., 2016).

The most recent SFD developed in South Africa was for the Ulundi Local Municipality in the
Zululand District of KwaZulu-Natal, which was completed in 2018 by Emanti Management. As
of now, KwaZulu-Natal and the Eastern Cape are the only provinces in South Africa to have

developed SFDs (SuSana, 2023).

2.11 Sanitation management policies, legislation, and regulations in South Africa

2.11.1 Overview of Key Policy Documents
South Africa’s sanitation management framework is shaped by a series of key policy

documents that collectively establish the regulatory foundation for the sector. Among the
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most significant are the White Paper on Water Supply and Sanitation (1994), the White Paper
on a National Water Policy for South Africa (1997), and the White Paper on Basic Household
Sanitation (2001).

The White Paper on Water Supply and Sanitation (1994) was a landmark document that
highlighted the need for comprehensive sanitation services and set the stage for subsequent
policies. It aimed to address the basic sanitation needs of the population and ensure equitable
access to these essential services. The White Paper on a National Water Policy for South Africa
(1997) expanded on these themes by providing a broader framework for integrated water
resource management, which included sanitation as a critical component (Republic of South
Africa, 1997).

In 2001, the White Paper on Basic Household Sanitation was introduced to address specific
challenges in sanitation service delivery, particularly for low-income and marginalised
communities. This policy document emphasised the importance of providing adequate
sanitation facilities and outlined a clear strategy for achieving universal access to basic
sanitation services (Department of Water and Sanitation, 2001).

National Sanitation Policy (2016) provides a comprehensive framework for managing
sanitation services, emphasising universal access, sustainability, and equity. It establishes clear
roles for the Department of Water and Sanitation and municipalities, promotes integrated
planning, and prioritises underserved communities. The policy advocates for resource-
efficient and environmentally sustainable solutions, aligning with public health and
environmental safety goals. It emphasises infrastructure maintenance, appropriate
technology use, and financial sustainability through mixed funding models while ensuring

subsidised services for vulnerable groups.

2.11.2 Legislative and Policy Development
The National Sanitation Policy (1996), issued by the Department of Water and Sanitation
(previously known as the Department of Water, Agriculture and Forestry), marked a significant
development in South Africa’s sanitation management landscape. This policy aimed to
establish a national strategy for sanitation, addressing the gaps identified in the 1994 White
Paper on Water Supply and Sanitation. The 2001 White Paper on Basic Household Sanitation
reinforced the government's constitutional obligation to ensure access to adequate sanitation
for all South Africans (DWAF, 2001).
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Similar to many Metropolitan Municipalities, the City of Johannesburg Metropolitan
Municipality has specific regulations related to sanitation in its bylaws. The primary objectives
of these bylaws include minimising waste production, promoting recycling and recovery, and
ensuring safe disposal practices. The bylaws aim to promote sustainable development and
environmental justice by regulating waste management processes, including collection,
transportation, storage, disposal, and recycling, within the Municipality’s jurisdiction (City of

Johannesburg Metropolitan Municipality, 2013).

The Midvaal Local Municipality’s Sanitation Services By-laws align with national legislation,
including the Water Services Act of 1997 and the National Environmental Management Act
(NEMA), ensuring consistency with broader environmental and public health standards. The
by-laws require all properties to connect to municipal sanitation systems or, where
unavailable, to install approved on-site systems that meet specified safety and environmental
standards. They also regulate the discharge of both industrial and domestic effluent into
municipal systems, emphasising the need for permits and compliance with quality standards
to mitigate pollution risks. Maintenance responsibilities are explicitly outlined, requiring
property owners to maintain private sanitation systems while the municipality oversees public
infrastructure. Pollution control measures within the by-laws prohibit unauthorised
discharges and dumping, safeguarding local water resources from contamination. To enforce
these regulations, the municipality conducts inspections, monitors compliance, and imposes
penalties for violations, ensuring accountability. Furthermore, the by-laws establish clear tariff
structures to support cost recovery and sustainable service delivery (Midvaal Local
Municipality Sanitation By-laws, 2019).

2.11.3 Stakeholders and roles in sanitation management

2.11.3.1 Local Government Responsibilities

Local governments play a crucial role in sanitation management in South Africa. According to
the Constitution and the Waste Act 59 of 2008, municipalities are responsible for waste
management services, including garbage removal, waste storage, disposal, and treatment.
Municipalities are required to appoint waste management officers to coordinate these

activities and develop integrated waste management plans (IWMPs). These plans are
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incorporated into each municipalities' Integrated Development Plans (IDPs) and reported
annually (Municipal Systems Act 32 of 2000). The IDP framework allows for community
engagement, ensuring that residents play a role in the development and implementation of
waste management strategies. This participatory approach aims to increase local ownership

and accountability in sanitation management (Mbelengwa, 2016).

2.11.3.2 Provincial Government Responsibilities

At the provincial level, the government is responsible for implementing and advancing the
National Waste Management Strategy (NWMS) and ensuring adherence to national codes and
standards. Provincial government appoint waste management officers and develop their own
(Integrated Waste Management Plans) IWMPs, which require approval from the Minister.
Provincial governments also act as the principal licensing authority for waste management

activities not covered by national regulations (Waste Act 59 of 2008).

2.11.3.3 National Government Responsibilities

The Department of Water and Sanitation (DWS) oversees the national water and sanitation
sector, coordinating the government's role in bulk water reticulation and sanitation services.
The Department of Cooperative Governance and Traditional Affairs (CoGTA) manages the free
basic services policy, which provides free basic sanitation to indigent households. The National
Treasury regulates financial policies and performance for sanitation services across national,
provincial, and municipal levels and provides funding to support various government

ministries (Department of Water and Sanitation, 2016).

2.11.4 Gaps with the sanitation management policies

Although South Africa has made significant strides with the National sanitation Management
Strategy and the National Sanitation Policy (2016), several issues undermine effective policy
implementation. Firstly, infrastructure deficits remain a major constraint, as many
municipalities lack adequate faecal sludge treatment plants, and wastewater treatment works
are often ill-equipped to co-treat dense, high-solid sludge (Kirsten K, 2023). Institutional

fragmentation further complicates the sector, with overlapping responsibilities between
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national, provincial, and municipal bodies, and limited enforcement capacity at the local level.
The financial constraints also hinder the development, operation, and maintenance of FSM
services, particularly in rural and low-income areas where revenue recovery is low and
subsidies are insufficient (United Nations Environment Programme, International Water
Management Institute, Global Wastewater Initiative and GIAR Research Program on Water,
Land and Ecosystems, 2020). The policy also struggles with weak regulation and compliance
monitoring, resulting in frequent illegal dumping and unsafe disposal practices. Technical and
operational challenges such as pits containing solid waste, inadequate equipment for
emptying, and limited technical skills among operators, reduce service efficiency and safety
(Kirsten K, 2023). Finally, social acceptance and awareness gaps limit the uptake of safe reuse
practices for treated sludge, while occupational health and safety provisions for sanitation

workers are often poorly enforced (Mamera et al., 2020).

2.12 Sanitation data

Sanitation data encompasses a wide range of information that is critical for understanding,
managing, and improving sanitation systems. These data typically include information on the
water supply, waste management, sewage treatment, hygiene practices, and related public
health indicators (WHO, 2019). Sanitation data play a pivotal role in tracking the progress of
sanitation projects, assessing the effectiveness of interventions, and guiding policy decisions.
In essence, reliable and comprehensive sanitation data form the backbone of effective
sanitation management, ensuring that resources are allocated efficiently and that health risks

associated with inadequate sanitation are minimised (UNICEF, 2020).

Sanitation data are important for monitoring global health goals, such as the United Nations’
Sustainable Development Goals (SDGs), particularly Goal 6, which aims to ensure the
availability and sustainable management of water and sanitation for all individuals (United
Nations, 2020). Accurate sanitation data are essential for measuring progress towards these

goals and for identifying areas where additional efforts are needed.
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Sanitation data are often categorised into several key types, including access to sanitation
facilities, the quality and safety of these facilities, the prevalence of open defecation, the
effectiveness of wastewater treatment processes, and the impact of sanitation on public
health (JMP, 2021). The collection and analysis of these data allow for a comprehensive
understanding of sanitation challenges and enable stakeholders to develop targeted

interventions that address specific needs.

However, the availability, accuracy, and completeness of sanitation data can vary widely
between regions, particularly between high-income and low-income countries (Bain et al.,
2014). In many developing regions, including parts of Africa, there are significant challenges
in obtaining reliable sanitation data due to inadequate infrastructure, limited financial
resources, and a lack of technical expertise. These challenges hinder the ability to develop
effective sanitation strategies and exacerbate health disparities related to poor sanitation

(Cronk & Bartram, 2018).

2.13 Sanitation Data Collection and Reporting

The collection and reporting of sanitation data have seen significant advancements in recent
decades, driven by the recognition of the critical role that sanitation plays in public health and
environmental sustainability. International organisations such as the WHO and UNICEF have
been instrumental in promoting the systematic collection of sanitation data through initiatives
such as the Joint Monitoring Programme (JMP), which tracks global progress in water and
sanitation (WHO & UNICEF, 2021). The JMP provides a standardised framework for assessing
sanitation coverage, enabling comparisons across countries and regions and highlighting areas

where progress is lagging.

Despite these advancements, there are still substantial disparities in the quality and
availability of sanitation data between different regions. In high-income countries, sanitation
data collection is generally well established, with comprehensive systems in place for
monitoring and reporting various aspects of sanitation (WHO, 2023). These countries typically

have robust infrastructure, advanced technological tools, and well-trained personnel
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dedicated to data collection and analysis, resulting in high-quality data that can inform

effective decision-making.

In contrast, many low- and middle-income countries face significant challenges in sanitation
data collection and reporting. These challenges often stem from a lack of financial resources,
limited access to technology, and insufficient institutional capacity (Hutton & Chase, 2016). In
Africa, for example, the collection of sanitation data is frequently hampered by inadequate
infrastructure, political instability, and logistical difficulties in reaching remote areas (Graham
& Polizzotto, 2013). As a result, the data that are available may be incomplete, outdated, or
of questionable accuracy, making it difficult to develop effective sanitation policies and

interventions.

Sanitation data management in South Africa faces several challenges, including capacity
constraints in municipalities, fragmentation of data management processes, and difficulties in
integrating data from informal settlements and rural areas. These challenges result in data
gaps, inconsistencies, and issues with data accuracy and reliability (African Region, 2022;
Paladh et al., 2018). Gauteng, as the most populous province in South Africa, faces significant
pressure on its sanitation infrastructure due to rapid urbanisation, population growth, and
economic disparities (Stats SA, 2018). Effective sanitation management in Gauteng requires
reliable data on access to sanitation facilities, the condition and maintenance of these

facilities, and the effectiveness of wastewater treatment processes.

However, like many other regions in Africa, South Africa faces challenges in collecting and
maintaining high-quality sanitation data. These challenges are compounded by issues such as
informal settlements, where access to sanitation facilities is often limited or non-existent and
where data collection can be particularly difficult (Richards et al., 2021). Additionally, the lack
of standardisation in data collection methods across different municipalities can lead to
inconsistencies in the data, further complicating efforts to assess and address sanitation needs

(Department of Water and Sanitation, 2019).
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3 Defining the Study Area

The study area is Gauteng, South Africa as shown in Figure 9. This region was selected due to
its significance in the Water Research Commission's (WRC) strategic initiatives aimed at
enhancing collaboration with water service authorities nationwide. WRC has initiated projects
to establish national excreta flows across South Africa, promoting the use of SFDs as tools for
sanitation master planning. Gauteng is located on the Highveld and is South Africa's smallest
province in terms of land area. It has a population of 16.1 million (Stats SA, 2022), accounting
for 26% of South Africa's total population, and is also the fastest growing province, with a
population increase of more than 33% between the 1996 and 2011 censuses. Gauteng is
South Africa's and sub-Saharan Africa’s economic hub, with significant contributions to
finance, manufacturing, transportation, and technology, among others (Landau and Gindrey,
2008). It is divided into numerous provincial and local municipalities. The population of
Gauteng is not equally spread; it is concentrated in three of the five municipalities: The City
of Johannesburg Metropolitan Municipality (CoJMM) 37%, City of Ekurhuleni Metropolitan
Municipality (COEMM) 26%, and City of Tshwane Metropolitan Municipality (CoTMM) 22%,

and the remaining 14% is shared among the other municipalities (Landau et al., 2008).
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Figure 10: Gauteng Province ( Bidassey-Manilal et al, 2020)
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3.1.1 City of Johannesburg Metropolitan Municipality

The City of Johannesburg Metropolitan Municipality (CoJMM) is situated in the central part of
Gauteng. It covers an area of approximately 1,645 square kilometres. The City of
Johannesburg is the largest urban settlement in Gauteng and is characterised by a diverse mix
of residential, commercial, and industrial areas. As an urban hub, the city boasts a high level
of access to improved sanitation, with over 90% of households connected to basic sanitation
facilities such as flush toilets linked to sewerage systems (Statistics South Africa, 2021).
Approximately 4-5% of households rely on communal or temporary sanitation facilities, such
as chemical toilets or ventilated improved pit latrines (VIPs) (Statistics South Africa, 2021).
These areas often lack the necessary infrastructure to support formal sanitation systems,

leading to service backlogs and increased demand for innovative solutions.

Johannesburg Water, the municipal entity responsible for sanitation services, oversees a
diverse range of sanitation systems utilised within the city. The most prevalent system is the
flush toilet connected to a sewerage network, which serves the majority of households in
formal urban areas. In areas where sewer connections are unavailable, alternative sanitation
systems are employed, including pit latrines with ventilation and chemical toilets, particularly
in informal settlements (Stats SA, 2011). Septic tanks are also used in some peri-urban areas
that lack access to centralised sewer networks, requiring regular emptying and maintenance

to prevent environmental contamination.

In recent years, over 42Km of sewer pipelines have been replaced to enhance system reliability
and reduce blockages (Johannesburg Water, 2023). The entity also ensures rapid response to
reported sewer blockages, with a reported success rate of clearing over 95% of cases within
24 hours (Johannesburg Water, 2023). Despite these efforts, ageing infrastructure in
established urban areas poses a further challenge, necessitating continuous investment to

meet the needs of the city’s growing population.
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Table 2:Sanitation systems used in the CoJMM (StatsSA, 2011)

Toilet Facility Percentage
None 0,80%
Flush toilet (connected to sewerage system) 87,10%
Flush toilet (with septic tank) 2,30%
Chemical toilet 1,10%

Pit toilet with ventilation 3,40%

Pit toilet without ventilation 2,60%
Bucket toilet 2%

Other 0,70%

3.1.2 City of Tshwane Metropolitan Municipality

The City of Tshwane Metropolitan Municipality (CoTMM) is situated in the northern part of
Gauteng, surrounding the CoJMM and City of Ekurhuleni Metropolitan Municipality
(CoEMM).It covers an area of approximately 6,368 square kilometres. Tshwane is home to the
administrative capital of South Africa. It is characterised by a mix of urban, suburban, and rural
settlements. In the central areas, such as Pretoria and surrounding urban zones, sanitation
services are well-developed, with most households benefiting from flush toilets connected to
the centralised sewerage system (Statistics South Africa, 2011). However, challenges in these
areas are primarily related to aging infrastructure and increasing demand due to rapid
urbanisation. Centurion, another urban hub, also has extensive sewerage networks and flush

toilet.

Areas such as Soshanguve and Mamelodi, which have both formal and informal settlements,
experience more variability in sanitation coverage. In formal areas of Soshanguve, flush toilets
connected to sewerage systems are common, while informal settlements rely on VIPs,
chemical toilets, or shared facilities (Statistics South Africa, 2011). Mamelodi faces similar
disparities, with formal areas generally benefiting from flush toilets and informal sections

relying on temporary sanitation solutions. Atteridgeville, located west of Pretoria, historically
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faced sanitation challenges, but recent municipal efforts have improved service delivery.

Informal areas in Atteridgeville, however, still rely on chemical toilets or shared facilities.

The northern outskirts of Tshwane, including Hammanskraal, Temba, and Winterveld, feature
predominantly peri-urban and rural characteristics, where centralised sanitation
infrastructure is limited. In these regions, many households use septic tanks or VIPs, with the
maintenance of these systems posing a significant challenge, particularly in areas without
access to regular emptying services (Department of Water and Sanitation, 2022). The
municipality has prioritised addressing these service backlogs by providing alternative
sanitation solutions, such as chemical toilets and communal facilities, and exploring
decentralised wastewater treatment technologies to meet the growing demand in these

underserved areas.

Table 3: Sanitation systems used in the CoTMM (StatsSA, 2011)

Toilet Facility Percentage
None 1,30%
Flush toilet (connected to sewerage system) 76,60%
Flush toilet (with septic tank) 2,10%
Chemical toilet 0,70%

Pit toilet with ventilation 2,30%

Pit toilet without ventilation 15,10%
Bucket toilet 1%

Other 0,80%

3.1.3 City of Ekurhuleni Metropolitan Municipality

The City of Ekurhuleni Metropolitan Municipality (CoOEMM) is situated east of Johannesburg,
bordering the CoJMM. It covers an area of approximately 1,975 square kilometres. Ekurhuleni
is a densely populated Metropolitan area comprising both urban and industrial settlements.
It includes cities such as Germiston, Boksburg, Kempton Park, Benoni, and Alberton. The
municipality is home to a large and diverse population, with varying levels of sanitation

infrastructure and coverage across its regions. According to Statistics South Africa (2011),
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approximately 97% of households in Ekurhuleni have access to sanitation facilities, which
reflects a relatively high level of coverage. However, like many large municipalities, Ekurhuleni
faces significant challenges in addressing the sanitation needs of its informal settlements and

peri-urban areas.

In the formal urban areas of Ekurhuleni, the predominant sanitation system is the flush toilet
connected to a centralised sewerage network. These areas, which include the city centre and
well-established towns such as Germiston, Bedfordview, and Kempton Park, benefit from
reliable and efficient sanitation services (Statistics South Africa, 2021). Most households in
these regions are serviced through the municipal sewer system, which ensures the safe
disposal of wastewater. However, rapid urbanisation and the increasing demand for sanitation
services have placed considerable strain on the infrastructure, leading to occasional service

disruptions and backlogs in maintenance.

Informal settlements and peri-urban areas in Ekurhuleni, such as those in Daveyton, Tembisa,
and Katlehong, face more complex challenges. In these areas, households often rely on
alternative sanitation systems, such as chemical toilets, pit latrines, and ventilated improved
pit (VIP) latrines, due to the lack of access to sewerage infrastructure (Statistics South Africa,
2021). These systems, while crucial for addressing immediate sanitation needs, tend to have
lower levels of hygiene and pose significant environmental and health risks if not properly

maintained.

Table 4: Sanitation systems used in the COEMM ( StatsSA, 2011)

Toilet Facility Percentage
None 1,2%
Flush toilet (connected to sewerage system) 85%
Flush toilet (with septic tank) 1,3%
Chemical toilet 1,4%
Pit toilet with ventilation 0,6%
Pit toilet without ventilation 7,3%
Bucket toilet 2,3%
Other 0,9%
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3.1.4 Sedibeng District Municipality

Sedibeng District Municipality (SDM) is situated in the southern part of Gauteng, bordering
the Free State province. It covers an area of approximately 4,192 square kilometres. Sedibeng
is a predominantly rural district with few urban settlements. It consists of local municipalities,
including Emfuleni, Midvaal and Lesedi. The district spans both urban and rural areas, with
varying levels of sanitation coverage and infrastructure. According to Statistics South Africa
(2011), Sedibeng has made significant strides in improving sanitation services, with a notable
proportion of households in formal areas connected to sewerage networks.

In the urban areas of Sedibeng, particularly in towns such as Vanderbijlpark, Vereeniging, and
Meyerton, flush toilets connected to sewerage systems are the predominant sanitation
method. These areas benefit from well-established infrastructure, with most households
having access to centralised wastewater systems (Statistics South Africa, 2011). In these
regions, sanitation services are generally reliable, and the municipality has undertaken regular
maintenance and infrastructure upgrades to ensure the continued functionality of the sewer
systems. Many households in these regions rely on alternative sanitation systems such as pit
latrines, septic tanks, and ventilated improved pit (VIP) latrines due to the lack of centralised

sewerage infrastructure (Statistics South Africa, 2011).

Informal settlements in Sedibeng, particularly in areas like Sebokeng and Evaton, rely heavily
on temporary sanitation solutions such as chemical toilets and communal pit latrines. These
areas often lack the necessary infrastructure to support formal sanitation systems, resulting
in sanitation backlogs and inconsistent service delivery. The municipality has adopted
decentralised wastewater treatment solutions in certain rural areas, recognising that these
systems can be more cost-effective and easier to maintain in areas where centralised

infrastructure is not feasible (Sedibeng District Municipality, 2022).

58



Table 5: Sanitation systems used in the Sedibeng District (StatsSA, 2011)

Toilet Facility Emfuleni % Midvaal % Lesedi %
None 1% 2% 1,10%
Flush toilet (connected to sewerage 88,20% 58% 84,30%
system)

Flush toilet (with septic tank) 2% 18,40% 4,90%
Chemical toilet 0,30% 6,20% 0,30%
Pit toilet with ventilation 0,80% 1,60% 0,70%
Pit toilet without ventilation 6,20% 10,30% 6,70%
Bucket toilet 0,90% 2,20% 1,20%
Other 0,70% 1,40% 0,90%

3.1.5 West Rand District Municipality

West Rand District Municipality (WRDM) is situated west of Johannesburg, bordering the
Northwest Province. It covers an area of approximately 4,848 square kilometres. The West
Rand is a diverse district with a mix of urban, suburban, and mining settlements. The area has
a history of gold mining, with some mining operations still active. It consists of local
municipalities, including Mogale City, Rand West City and Merafong City. While the majority
of the district's population has access to basic sanitation, there are notable disparities,
particularly in informal settlements and rural regions, where access to sanitation services is

limited or inconsistent (Statistics South Africa, 2021).

In the urban areas of the West Rand, particularly in towns like Krugersdorp and Randfontein,
the predominant sanitation system is the flush toilet connected to a centralised sewerage
network. These areas benefit from established infrastructure, with most households having
access to reliable sanitation services. Municipalities in these regions have made significant
investments in upgrading sewer systems to manage increasing demand due to urban growth

and to prevent infrastructure breakdowns.
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Informal settlements and peri-urban areas in the West Rand, such as those in parts of

Krugersdorp, Westonaria, and Randfontein, face more significant challenges in terms of

sanitation provision. Due to limited or non-existent access to centralised sewerage systems,

residents in these areas often rely on alternative sanitation methods. The most common

systems in these regions include pit latrines, septic tanks, and ventilated improved pit (VIP)

latrines (Statistics South Africa, 2021). In some informal settlements, particularly those lacking

access to adequate sanitation infrastructure, temporary solutions such as chemical toilets or

communal pit latrines are provided by the municipality. The rural areas in the West Rand,

including some parts of Westonaria and smaller villages, rely on basic sanitation systems such

as pit latrines, septic tanks, or VIP latrines due to the lack of centralised sewer networks

(Statistics South Africa, 2021).

Table 6: Sanitation systems used in the West Rand District Municipality (StatsSA, 2011)

Rand west
Toilet Facility Mogale % Merafong %
Randfontein % Westonaria %
None 2% 1% 1,10% 2,60%
Flush toilet (connected 78,20% 81% 79,30% 58,60%
to sewerage system)
Flush toilet (with septic | 5,80% 2,10% 5,50% 4%
tank)
Chemical toilet 2,90% 0,60% 0,30% 0,70%
Pit toilet with 2,30% 2,30% 1,50% 21,90%
ventilation
Pit toilet without 4,80% 11,60% 11,30% 9,40%
ventilation
Bucket toilet 3,20% 0,40% 0,60% 1,40%
Other 0,80% 1% 0,40% 1,30%
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4 METHODOLOGY

This chapter outlines the methodology employed to achieve the objectives detailed in Chapter
1. The research methodology provides a systematic framework for collecting, analysing, and
interpreting data to address the research questions articulated in section 1.2. Given the
complexity of sanitation data availability and its compliance or non- compliance with SFD

requirements, a multifaceted approach was required to ensure thorough and reliable results.

The methodology is structured to integrate both qualitative and quantitative techniques,
allowing for a comprehensive understanding of the challenges and gaps in sanitation data
capture across municipalities in Gauteng. The research was conducted in several phases,
including an extensive literature review, desk research, surveys, and comparative data
analysis. By combining these methods, the study aimed to identify inconsistencies in data
recording practices, explore the underlying causes of gaps in data availability, and propose a

framework that bridges the gap between municipal data and SFD requirements.

4.1 Literature review

To achieve objective (1) a comprehensive review of the literature on the alignment between
data reporting by water and sanitation authorities (WSAs) and the SFD was undertaken. The
review encompasses an evaluation of the benefits and limitations of the SFD in sanitation
planning, highlights gaps in data capture and uniformity, and explores the implications of
these gaps for sanitation management. This review consolidates findings from various reports,
articles, and case studies related to basic sanitation, historical disparities in South Africa, and
the role of the SFD in improving sanitation practices. A detailed discussion is presented in

Chapter 2.

4.2 Data collection
Data for this study were collected using two primary methods: publicly available data and
guestionnaires. The both methods adhered to ethical protocols, ensuring the integrity and

validity of the research process.
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4.2.1 Data collection ethics

The study was conducted at the University of the Witwatersrand, Johannesburg, and adhered
to the institution's ethics approval processes. Data collection for Methodology 1, which
involved publicly available data, did not require ethical approval. However, the ethics
clearance certificate, protocol H23/04/24, was obtained for Methodology 1 activities involving
the use of questionnaires. Refer to Appendix C1 for further details on the ethics clearance

certificate.

4.2.2 Methodology 1: Data collection using publicly available sources

This study employed a desktop research approach to collect publicly available data to
achieve objective (2) to (5). This approach involved synthesising existing documents,
datasets, and publications to derive foundational datasets and contextual understanding.
The research process concentrated on sanitation-related materials published within South
Africa to ensure that the findings were both relevant and applicable to the study area. The

following approaches were used:

1. Direct Browsing

Direct browsing targeted sanitation related publications and retrieval of information from
university websites, academic portals, and publicly accessible online databases. This approach
is effective in cases where the researcher had a clear understanding of the type of data
required and the potential sources of such data (Creswell & Creswell, 2018).

To ensure the acquisition of high-quality and relevant data, advanced search techniques were
employed. These included the use of refined filters, strategic keywords, and Boolean
operators to narrow down search results, thereby aligning the collected data with the research
objectives as shown in figure 10 (Bell, Bryman & Harley, 2019). This approach enhanced the
efficiency of the data collection process, ensuring that only credible and directly applicable

information was obtained.
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2. Government Records
Data from municipal and national government records played a critical role in this study,
providing comprehensive datasets on various dimensions of water and sanitation. These
datasets included demographic trends, economic indicators, environmental statistics, public
health data, and details on the management of sanitation facilities (Ghauri & Gronhaug,
2020). The government sources facilitated a detailed data of sanitation practices within the
Gauteng region, revealing critical understanding into the availability, quality, and management
of sanitation facilities.

3. Non-governmental organisations Records
Non-governmental organisations (NGOs) provided supplementary data that enriched the
study, particularly in instances where government datasets were incomplete or unavailable.
NGOs often produce detailed reports and datasets on specialised topics, such as sanitation

and public health, which added valuable context to the research findings (Babbie, 2020).

4.2.2.1 Mapping and filtration of data sources

The mapping and filtration criteria for data sources outline a structured approach to ensuring
that the data collected is reliable, relevant, and aligned with the research objectives, refer to
Figure 10. The first step in this process involved focusing on the geographical context and
alignment with the field of study. Data sources were selected based on their relevance to
South Africa to maintain contextual specificity, while ensuring that the data supported the
research objectives. Sources such as academic journals, government publications, industry

reports, and reputable websites such as SuSanA were prioritised.

The second filtration criterion emphasised consistency and relevance, focusing on data that
was regularly updated and regionally specific to Gauteng Municipalities. This ensured that
the study included sources with a reliable publication track record and data directly
applicable to the study’s geographical focus. Key sources at this stage included national,
provincial, and local government publications, as well as region-specific reports from the
Sustainable Sanitation Alliance (SuSanA). These materials provided a comprehensive view of
sanitation practices, policies, and challenges specific to the Gauteng region.
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The third criterion further refined the data selection process by prioritising sources that
directly addressed the research questions. This targeted approach focused on materials
offering understanding into sanitation data availability and its alignment with SFD
requirements. Local municipality publications and national reports were particularly valuable
at this stage, providing both micro- and macro-level perspectives on sanitation practices and
challenges. The concluded data sources included annual reports, Integrated Development

Plans (IDPs), and the Green Drop Report.

Filtration Criteria:

1. Consistency of

- publication ~— Concluded data
Academi 2. Relevance- includes source
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OIpndustr reports National, . *National *Intergrated
yTep provincial and publications Dz B
Filtration criteria: local Plan
1. Geographical Focus: eSuSanA Filtration criteria: -g;e«;r;tDrop
Only include sources publication in 1. Prioritised sources P
pertaining to South Africa S South Africa ) that provide direct ~ J
. . answers to the research
2. Alignment with .
s questions
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Figure 11: Mapping and filtration system data sources

4.2.2.2 Quality Assurance/Quality Control

A series of quality control measures were implemented to minimise potential errors and
ensure the accuracy of the data. (1) standardised procedures for data collection were
developed, with clear steps outlined to guide the process. (2) A detailed data collection plan
was created, specifying the particular data points to be gathered, identifying data sources such
as published reports, and outlining the methods for extracting relevant information. (3) To
ensure familiarity with the terminology and concepts used in the SFD, the researcher attended

a training course and workshop.

64



(4) A standardised data collection tool was developed in Excel, designed to align with the SFD
data requirements. This template incorporated dropdown lists and data validation features to
reduce the likelihood of entry errors. (5) All assumptions, notes, and changes made during the
data collection process were thoroughly documented, and the associated files were saved in
a single, well-organised directory, with separate subfolders for different municipalities. (6) To
maintain the security of the data, strict protocols were followed to ensure that it was stored
securely and that access was restricted to authorised personnel only. All data files were stored
in a password-protected format, safeguarding the integrity and confidentiality of the collected

information.

4.2.2.3 Data collection procedures

The procedure used in collecting data, and was broken down into four distinct steps. These
steps are further elaborated below to provide a clear understanding of the data collection

process.

4.2.2.3.1 Development of Excel Template for Data Checklist
In the first step of the data collection process a spreadsheet template was developed to serve
as a data checklist for the SFD. This template organises the required information into distinct
categories:

o Descriptive Data

e Sanitation systems,

e Containment

e Emptying and transportation

e Treatment.

1. Category 1 (Descriptive data)

The ”Descriptive Data” refers to data that provide a detailed description of the study area,
encompassing various factors such as topography, types of settlements, climate, and soil
conditions. As shown in Figure 11, these data serve to characterise the geographic and

environmental features of the area under investigation. It provides data on the physical
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characteristics of a region, including its terrain, land use patterns, weather patterns, and soil

composition.

Section The data checks
Area of city
Population
Population growth rate
Topography
Climate
Ground Water level

DESCRIPTIVE DATA Vulnerability of the aquifer: rock type
Source of water supply

Water supply per capita
water supply coverage
No. of slums settlement

No. of HH with municipal boundary

Figure 12:”Descriptive Data” checklist with respect to SFD requirements.

2. Category 2 (Sanitation systems)

Data in this category pertain to the type of sanitation system utilised in the area. The data
regarding the infrastructure and technologies deployed for sanitation purposes, including but
not limited to sewage systems, septic tanks, pit latrines, and other sanitation facilities, as
shown in Figure 12. These data are essential for understanding the flow of waste within the
area and help define the containment aspect of the SFD. They are used to map the various
systems that manage waste and serve as the foundation for analysing the subsequent stages
of waste management, such as emptying, transportation, and treatment. By accurately
representing the existing sanitation systems, this data helps ensure the SFD reflects the true

infrastructure landscape

No. of HH and population with latrine facility

No. of HH and population connected to sewerage

SANITATION SYSTEMS USED
No. of HH and population connected to Septic tank
No. of HH and population dependent on community or public toilet
Total no. of community and public toilet
No. of HHs and population practicing open defecation

Figure 13: Sanitation system data checklist with respect to SFD requirements.

3. Category 3 (Containments)
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Containment data include information regarding the containment of wastewater, detailing the

design of containment structures, their management practices, and discharge processes into

soak pits or drains, as shown in Figure 13. It includes details on the design and functionality

of containment systems such as septic tanks or pit latrines, as well as the management

practices employed to maintain their functionality and ensure safe sludge management.

Containment data also include information on any associated charges or fees for sewer

connections.

CONTAINMENT

Sewage system used (centralized or decentralized)

Once off connection charges

Monthly charges

Functional status of the sewage network

Feacal sludge contained

Feacal sludge not contained

No. of HHs and population connected to septic tank whose effluent discharge to drain
No. of HH and population connected to septic tank whose effluent discharge to soakpit
No. of HH and population connected to pit

No. of HHs and population with no containment

Type of septictank prevalentin the city

Septic tank design over time

Containment state

Figure 14: Containment data checklist with respect to SFD requirements.

4. Category 4 (Emptying and transportation)

The data on emptying and transportation pertain to disregarding services available in the area,

including details on service providers, costs, and whether they are offered by private

companies or government entities, as shown in Figure 14. It also includes data on the

transportation of sewage, including any instances of leakage or spills, as well as the

transportation and disposal of sludge. The data also highlight efforts to monitor illegal and

legal dumping of faecal sludge.

EMPTYING AND TRANSPORTATION

WW transported

WW not transported

sewer lines Leakage- State

Desludging services given by government or private
The emptying cycle

Specify no. of trucks for each

The manner how it is emptied

Onsite emptying capacity

Truck trips per day

Trucks emptying capacity

The percentage safely closed when full and relocated
The Percentage of FS legally dumped

The Percentage of FSillegally dumped

Figure 15: The emptying and transportation data checklist with respect to SFD requirements

5. Category 5 (Treatment)
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The treatment data include data related to the management and capacity of treatment plants
in the area as shown in Figure 15. Details on the operation and maintenance of treatment
facilities, as well as their capacity. This category also provides data on the volume of
wastewater treated on a daily basis. The efficiency of the treatment plant is also important,

indicating how the facility functions to meet regulatory standards.

waste water generated per day in MLD
Capacity of Sewage treatment plant
Treatment capacity utilized
Sewage not treated

TREATMENT Sewage treated
FS safely closed when full and relocated facility
Treatment efficiency

FS treated
FS not treated

Figure 16: Treatment of wastewater data checklist with respect to SFD requirements

4.2.2.3.2 Colour coded the extracted data

A color-coded key was established to signify the status and quality of the data obtained from
various sources. This method was employed to enhance readability and provide a clear
overview of data availability from different sources. It also facilitated the filtering of data
sources for this study, offering a visual representation of how well the data alighed with the
study's objectives. Green refers to the data that is compliant with SFD requirement, actively
monitored, and includes complete data or figures while yellow is still compliant and actively
monitored, but indicates that some data or figures are missing or incomplete. Light Brown
shows compliance with SFD standards and lacks active monitoring, but no available data or
figures. Dark Brown reflects compliance and completeness but lacks active monitoring. Red
indicates the absence of data, where the information is neither integrated into the system and
purple signifies that the data is present but fails to meet the SFD data requirements.

Compliance with the SFD data requirements is primarily determined by the alignment of the
terminology used in the data with the definitions set forth in the SFD. This means ensuring
that the terms and categories in the data reflect those specified by the SFD guidelines.
Monitoring is determined by examining the frequency and regularity with which the data is
updated or reviewed and data completeness is evaluated by checking the coverage of the data

with comparison to SFD requirements.
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Table 7: Shows the color-coded key

Colour Compliance Monitored Complete Figure
_ v v 100% Complete
Yellow v v 75% Complete
Light brown v v 50% Complete
v X 25% Complete
X X 0% Complete
X v }

4.2.3 Methodology 2: Data collection through administered questionnaires

This study employed administered questionnaire approach to achieve objective (4). This
approach for this research was specifically designed to survey individuals with significant
experience and expertise in the development of the SFD for specific South African
Municipalities. The primary aim of these expert surveys was to corroborate the findings by
comparing data collected from various literature sources with first-hand knowledge and
practical experience.

A questionnaire served as a crucial research instrument in this methodology, comprising a mix
of close-ended and open-ended questions. Close-ended questions provided respondents with
predefined answer choices, while open-ended questions allowed respondents to elaborate on
their thoughts. This dual approach facilitated the collection of both quantitative and
gualitative data. A copy of the questionnaire is included in Appendix C4.

The questionnaire also provided an opportunity to understand the data opportunities or
challenges encountered during the development of SFDs. By engaging with the respondents,
the study gained a deeper understanding of the specific constraints, limitations, and gaps in

data availability that were faced in relation to SFD requirements.

The question types used in the questionnaire were:
a) Open-ended questions: Open-ended questions in the questionnaire facilitated the
collection of qualitative data, and allowed respondents to provide free-form responses
with minimal restrictions. As shown in Figure 16, the participants were encouraged to

express their thoughts, opinions, and experiences in their own words. This approach
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b)

enabled a deeper understanding of the participants' perspectives, allowing for the

exploration of diverse viewpoints and uncovering valuable data.

Containment

10. Specify the primary method employed for data collection and provide the rationale behind its
selection.

Enter your answer

Figure 17 shows an example of an open-ended question used in the questionnaire.

Dichotomous questions: Dichotomous questions typically present respondents with a
binary choice, as shown in Figure 17, commonly with a "yes/no" answers. This question
format is often employed when precise validation is needed, providing a
straightforward and direct approach to gathering data. Owing to its simplicity and
clarity, the dichotomous question is considered one of the most natural forms of a
guestionnaire. Its usage provides researchers with a quick and efficient means of
obtaining specific responses, particularly when seeking confirmation or validation of

particular hypotheses or conditions.

w

Have you been involved in the development of Shit Flow Diagrams (SFDs) in South Africa, either
in the past or currently?

) Yes

) No

Figure 18 shows an example of a dichotomous question used in the questionnaire for the study.

Multiple-choice questions: Multiple-choice questions represent another form of close-
ended question, wherein respondents are presented with a list of options and asked
to select one (single-select multiple-choice question) or multiple (multiselect multiple-
choice question) responses. As shown in Figure 18, participants are provided with a

range of answer choices, and they are required to choose the option that best reflects
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their thoughts, opinions, or experiences. Multiple-choice questions are valuable for
standardising responses and facilitating comparisons across participants, making them

widely utilised and effective tools in survey research.

11. Rate the difficulties faced in accessing the contaim:r;t data for SFD development
(\) Extremely Difficult
() Difficult
O Neutral

(7\, Easy

(7\» Very Easy

Figure 19 shows an example of multiple-choice questions used in the questionnaire for the study.

4.2.3.1 Data collection procedures

The questionnaires for this study were distributed using email, where respondents received
the link to the questionnaire. This approach allowed respondents to complete the
guestionnaire at their convenience, ensuring they could take the necessary time to consider
their responses thoughtfully, without feeling rushed or pressured. As a result, this method led
to more accurate and reflective responses. The following steps were undertaken in the data

collection process:

4.2.3.1.1 Preparation of questionnaires
The questionnaires were developed based on the analysis of data collected through
Methodology 1, ensuring that they addressed the key aspects of the study across the defined

data categories. That involved the following:

1. The level of data availability: Questions were designed to assess the extent to which

data was accessible for various categories.
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2. Methods used for data collection: The questionnaire aimed to explore the different
techniques and approaches employed by participants in gathering data, whether

through surveys, reports, site visits, or other methods.

3. The difficulty or ease of accessing the data: Participants were asked to reflect on their
experiences with data accessibility, including challenges or barriers encountered in

retrieving accurate and timely data.

4.2.3.1.2 Participant invitation
Potential participants were contacted through email, which included an introduction
explaining the study's purpose, expected commitment, and relevant details. See the

participation information sheet Appendix C2.

4.2.3.1.3 Consent and participation confirmation

Informed consent was obtained from participants after clearly outlining the expectations,
responsibilities, and timelines associated with their involvement in the study. Participants
were provided with detailed information about the study's objectives, the data collection
process, and their rights as participants. Once these details were understood, their willingness

to participate was confirmed. A copy of the consent form can be found in Appendix C3.

4.2.3.1.4 Distribution of questionnaires

The questionnaires were distributed to the selected participants using an email. A unique link
to the online survey was provided, allowing participants to access and complete the
guestionnaire at their convenience. The Ilink sent to the participants was:

https://forms.office.com/r/BGN4ryavMQ

4.2.3.1.5 Response tabulation

Once the questionnaires were completed, the responses were systematically collected and
organised for further analysis. Each response was carefully reviewed and entered into a
database to ensure accurate categorisation and facilitate a structured analysis. This process

allowed for the identification of key themes .
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4.2.3.2 Sampling Method
Participants Criteria: These are individuals who were previously involved in the development
of SFDs in South Africa, either through academia, researchers, government stakeholders or
NGOs.
Identified population of experts

The expert population from which the sample was drawn comprised professionals with
significant experience and knowledge of the SFD. This included individuals from various
sectors, such as academia, industry, and organisations directly related to sanitation
management. The identified expert pool included

v" One participant from academia

v" One participant from industry
These responses are not considered primary data but serve as secondary data for comparison
purposes. The limited sample size is justified, as the study's objective is to reflect on whether
the challenges and data gaps identified in the current analysis align with those previously
encountered during the development of SFDs. Although the small sample restricts the scope
of generalisability, it provides valuable qualitative insights from experts with relevant and

direct experience in the field.

4.3 Data analysis

The data analysis process encompassed two primary sources; data obtained through
Methodology 1, which involved publicly available sources, and data gathered through
Methodology 2, utilising administered questionnaires. The analysis sought to integrate
findings from these two methodologies, enabling a comprehensive evaluation of the data's

alignment with the study's objectives.

4.3.1 Data analysis: Methodology 1

Microsoft Excel was utilised as the primary tool for analysing and interpreting the data
collected through Methodology 1. The software’s versatile features, such as conditional
formatting, ranges, tables, and data models, facilitated a structured and in-depth evaluation

of the data.
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4.3.1.1 Conditional Formatting for Data overview

Conditional formatting played a critical role in visualising the patterns within the dataset. By
applying predefined criteria, cells and fonts were dynamically coloured, and symbols were
strategically positioned next to cell values to represent specific conditions. This feature
provided a quick snapshot of data patterns, making it easier to identify trends and outliers as

shown in Appendix 8.1.

4.3.1.2 Data Visualisation Formulas

1. Quantifying Data Status
The quantification of data status across thematic categories involved the systematic
calculation of occurrences for specific color-coded categories. This process utilised formulas
to identify and count the frequency of each colour within the dataset, thereby providing an
objective measure of data distribution. For each dataset, the total occurrences of a specific

colour were calculated using the formula:

Y = COUNTIF (X,"Colour")

Where:

e Xrepresents the data range or selected cells being analysed.
e "Colour" specifies the particular category or colour being assessed (e.g., "Green," "Red").

e Yis the resulting count of occurrences of the specified colour within the selected data range.

Table 8: Shows an example of the quantified data from the IDP.

Source n Data T . T T T X X
IDP Descriptive data 6 0 4 0 2 0
Sanitation systems used 1 0 0 5 0 0
Containments 1 0 0 0 12 0
Emptying and Transportation 0 1 2 0 10 0
Treatment 0 0 3 0 6 0

2. Calculating availability, completeness and compliance with SFD in percentage
To quantify availability, completeness, and compliance with the SFD in percentage terms, the
analysis involved converting the count of occurrences into relative proportions. Once the
occurrences for each colour category were determined, the percentage of data status was

calculated using the formula:

Data status (%) = (%) * 100
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X= YGreen+ YYeIlow+ YLight brown* YDark brownt YRed+ YPurpIe

Where:

e Xis the resulting count of occurrences of all colours within the selected data range.
e Yisthe resulting count of occurrences of the specified colour within the selected

data range.

Table 9: Shows an example of the quantified data in percentages.

_ Green Yellow Light brown Dark brown Red Purple

IDP Descriptive data 50% 0% 33% 0% 17% 0%
Sanitation systems used 17% 0% 0% 83% 0% 0%
Containments 8% 0% 0% 0% 92% 0%
Emptying and Transportation 0% 8% 15% 0% 77% 0%
Treatment 0% 0% 50% 0% 50% 0%

4.3.2 Data analysis: Methodology 2

This survey, which was conducted to understand the relationship between data reporting for
water and sanitation authorities in South Africa and alighnment with the SFD, had two
participants. Given the limited number of respondents, the analysis focused on descriptive
statistics and qualitative feedback provided.

The survey was structured into categories similar to those used in Methodology 1 to ensure
ease of comparison and consistency in the analysis. The first section of the questionnaire
focused on understanding participants' prior involvement in developing SFDs in South Africa,
aiming to gauge their level of experience and contextual understanding of the process.
Subsequent sections focused more into critical dimensions of the SFD data collection
processes, including data availability, challenges in data access, methods of data collection,
and compliance with SFD requirements. The analysis process is as follows:

1. Tabulating Responses

The first step involved organising the survey data into an Excel spreadsheet, where each
response was categorised based on predefined sections. Tabulating survey responses was a
crucial step in the data analysis process as it helped organise and structure raw data in a clear
and systematic format. This process allowed the researcher to categorise responses based on
predefined themes, making it easier to access, review, and identify patterns. Tabulation also
facilitated the quantification of data, enabling researcher to count the frequency of specific

responses and calculate percentages.
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Table 10: Shows tabulated responses from the administered questionnaire.

Category Participant 1 Participant 2
Level of Involvement High Very high
Efficiency of Data Collection | Somewhat Efficient Neutral
Difficulties in Accessing Data | Neutral Easy

Containments

Method Desktop data collection and | Interviews with municipal members
one-on-one interactions to
confirm data accuracy

Difficulty Easy Easy

Availability 50% readily available 50% readily available

Monitoring Slightly Monitored Moderately Monitored

Compliance Slightly compliant Moderately compliant

Emptying & Transportation

Method One-on-one interactions | Interviews with septic tank emptiers
with Municipality and truck | and union leaders
drivers

Difficulty Difficult Difficult

Availability 50% readily available 75% readily available

Monitoring Slightly Monitored Very Well Monitored

Compliance Slightly compliant Moderately compliant

Treatment

Method Same as emptying and | Interviews with municipal department
transportation method

Difficulty Very Easy Easy

Availability 100% readily available 75% readily available

Monitoring Very Well Monitored Very Well Monitored

Compliance Very Well compliant Moderately compliant

Reuse/Disposal

Method Same as treatment Interviews with municipal department
Difficulty Easy Easy

Availability 50% readily available 50% readily available

Monitoring Slightly Monitored Moderately Monitored

Compliance Slightly compliant Moderately compliant
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2. Quantifying Responses

Once the responses were tabulated, descriptive statistics were calculated to summarise the
data. Due to the small sample size of two participants, the focus was on basic measures like
frequency counts and percentages. For example, if both participants indicated a "High" level
of involvement, this was recorded as 100% for both. This quantification provided a numerical
overview of the responses, showing how each participant's answers were distributed across
the different categories. By converting qualitative responses into quantitative terms, this
process provided an overview of how each participant's answers were distributed across
different categories, such as data access, availability, monitoring, and compliance.

The table below illustrates the quantified responses for various aspects of data management,
including access, availability, monitoring, and compliance, across different categories. This
guantification helps in understanding the extent of alignment between the participants'

experiences and the challenges they faced in accessing and managing sanitation data.

Table 11: Shows the quantified responses for data access, availability, monitoring and compliance.

Category Participant 1 Participant 2
Level of Involvement 75% 100%
Efficiency of Data Collection 75% 50%
Overall Difficulties in Accessing Data 50% 75%
Access 75% 75%
Availability 50% 50%
Monitoring 25% 50%
Containments Compliance 25% 50%
Access 25% 25%
Availability 50% 75%
Monitoring 25% 75%
Emptying & Transportation Compliance 25% 50%
Access 100% 75%
Availability 100% 75%
Monitoring 75% 75%
Treatment Compliance 75% 50%
Access 75% 75%
Availability 50% 50%
Monitoring 25% 50%
Reuse/Disposal Compliance 25% 50%
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3. Visualising the Data
To enhance the interpretability of the data, visualisations such as bar charts were created.
These charts provided a graphical representation of the responses, allowing for a quick

comparison of the participants' answers across various categories

4.4 Framework development

Based on the findings from the data analysis and feedback from respondents, a framework
was developed to make the available sanitation data complete and compatible with the
requirements of the SFD. This framework was designed to address the identified gaps and

improve the overall data quality.

4.4.1 Identified the Municipality for framework development

The first step was to identify the municipality for which the framework would be developed.
In this case, the focus was on Ekurhuleni, a major metropolitan municipality in Gauteng. This
involved understanding the geographical scope, key stakeholders, and the sanitation systems
in place within the municipality.

The selection was narrowed to CoTMM and CoEMM, as both municipalities demonstrated
comparatively better data availability within their libraries and greater consistency in the
publication of annual reports. In contrast, for most other municipalities, data was not easily
accessible, and in several cases, publicly available libraries did not exist. Ekurhuleni was
ultimately chosen for framework development because, among the metropolitan
municipalities, it exhibited the highest proportion of available sanitation data. This
accessibility facilitated more reliable processes of data collection, verification, and analysis.
Additionally, Ekurhuleni’s status as a major metropolitan municipality with a diverse sanitation
profile, encompassing both sewered and non-sewered systems, offered an appropriate
context for testing integrated monitoring approaches. The framework was therefore designed
with the intention of using Ekurhuleni as a reference point: first, to promote consistency in
data collection and reporting across other municipalities, and subsequently, to enhance both

the quantity and quality of sanitation data collected and published.
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4.4.2 ldentified data gaps in Ekurhuleni

Once the municipality was identified, the next step was to identify data gaps in Ekurhuleni.
This step involved analysing the available sanitation data in Ekurhuleni, comparing it against
the SFD requirements, and identifying areas where the data was incomplete, inaccurate, or
non-compliant. The gaps related to aspects such as containment, emptying, transportation,

treatment, and reuse/disposal.

4.4.3 Refined data collection methods

Following the identification of data gaps in Ekurhuleni, the study focused on refining the
methods used for sanitation data collection. The refinement process prioritised the
standardisation of reporting formats to ensure consistency and comparability across various
categories, including containment, emptying, transportation, treatment, and reuse/disposal.
Clear guidelines were set to standardise the level of detail, format, and frequency of data

reporting.

4.4.4 Designed Data collaboration protocols

Protocols were established to enhance collaboration and ensure consistency in data
reporting across municipalities in Gauteng, with a specific focus on aligning with the SFD
requirements. These protocols included the creation of a centralised platform for sharing
sanitation data, enabling municipalities to exchange information and adopt best practices.
Standardised reporting templates were introduced to ensure uniformity in the format and

content of data submissions, reducing inconsistencies and facilitating comparative analysis.

4.4.5 Strengthened data monitoring mechanisms

To enhance the reliability and accuracy of sanitation data, a robust monitoring system was
implemented. This system tracked the progress of data collection efforts, ensuring adherence
to reporting requirements and compliance with the SFD guidelines. Advanced real-time
monitoring tools were developed and deployed to detect discrepancies or irregularities in

data reporting promptly.
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These tools allowed for immediate identification of gaps or inconsistencies, facilitating timely
corrective actions. Additionally, regular audits and performance reviews were introduced to
evaluate the effectiveness of data monitoring practices and ensure continuous improvement.
This strengthened monitoring framework aimed to maintain the integrity of the data while

supporting sustainable sanitation management practices.
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5 RESULTS AND DISCUSSION

5.1 The level of data availability in relation to the Shit Flow Diagram requirements

The analysis of data availability in relation to SFD requirements was conducted using publicly
accessible datasets, including annual reports, Integrated Development Plans (IDPs), and the
Green Drop Report. The evaluation focused on three key aspects: the completeness of the
data, its compliance with SFD requirements, and whether the data is actively monitored. The
findings are represented using a color-coded system to provide a visual representation of the

level of compliance and monitoring across the various data sources.

5.1.1 The level of data availability in relation to Shit Flow Diagram requirements for the City

of Johannesburg Metro Municipality.

The analysis of data availability in relation to SFD requirements was conducted using publicly
accessible datasets, including annual reports, Integrated Development Plans (IDPs), and the
Green Drop Report (City of Johannesburg, 2020/2021; City of Johannesburg, 2020/2021;
Department of Water and Sanitation, 2023). The evaluation focused on three key aspects: the
completeness of the data, its compliance with SFD requirements, and whether the data is

actively monitored shown in Figure 19 - 22.
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Descriptive Sanitation Containments Emptyingand Treatment Descriptive data  Sanitation Containments Emptying and Treatment
data systems used Transportation systems used Transportation
Figure 20: Shows the level of data availability extracted Figure 21: Shows the level of data availability extracted
from Integrated Development Plan. from Green Drop Report.
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L00% Colour Compliance Monitored Complete Figure

90%
80% - Y Y 100% Complete
70% Yellow v v 75% Complete
60% Light brown v v 50% Complete
50%

v X 25% Complete
40%
. X X 0% Complete
20% X \/ -
10%

o Figure 23: Shows the legend used in the graphs.

Descriptive data Sanitation Containments  Emptying and Treatment
systems used Transportation

Figure 22: Shows the level of data availability extracted

from Annual Report.

The terminology used in various data sources is critical for accurate alighment and integration.
However, inconsistencies between the Integrated Development Plan (IDP), the Annual Report,
and the SFD created challenges in this study. For instance, the SFD categorises certain areas
as "slum settlements," while the IDP and Annual Report refer to the same areas as "informal
settlements." (City of Johannesburg, 2020/2021; City of Johannesburg, 2020/2021). This
discrepancy complicates the process of aligning the CoJMM data with the SFD framework, as
it introduces ambiguity in classification. This challenge highlights the broader issue of
terminology standardisation in multi-source datasets. Patel and Thompson (2020) similarly
observed that inconsistent language across reports can lead to significant difficulties in data
interpretation and integration. As a result, adopting a standardised lexicon for such terms is
crucial to ensure compliance and avoid misalignment when analysing data using tools like the
SFD.

The terminology used for “open defecation” data in the IDP and the annual reports was
unclear. The term "non-sanitation facility" was used without explicitly indicating whether this
referred to the community using public facilities, neighbours’ facilities, or actual open
defecation practices. This lack of specificity was a critical issue, as it hinders the ability to
accurately assess the prevalence and nature of open defecation in the municipality. These
similar challenges are well documented in this study, where Smith et al. (2019) who
highlighted the importance of clear and consistent terminology for effective data collection
and reporting in sanitation studies.

The analysis of the IDP and annual report showed that approximately 50% of the ‘Descriptive

data’ are compliant, actively monitored and complete, while Green Drop Report is 0% as
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required by the SFD. This finding is consistent with broader literature, which indicates that
large urban municipalities often struggle with data completeness (Smith et al., 2019). The
significant gaps in the data observed in the IDP, particularly in ‘sanitation system data’, where
only 17% of the data are compliant, actively monitored and complete and 83% are not actively
monitored, highlight the findings of Jones and Brown (2020), who emphasised the difficulties
in documenting comprehensive sanitation infrastructure in rapidly urbanising areas. The
annual report indicated 100% of the data are compliant, actively monitored and complete,
while Green Drop Report is 0%. These gaps suggest a shortfall in reporting practices, which
are attributed to inadequate data management systems or a lack of prioritisation in data
collection efforts.

The literature stresses the need for detailed and complete data for effective sanitation
planning and management (Taylor & Harris, 2021). In Johannesburg, the limited availability of
key data such as the number of households connected to various sanitation facilities, indicates
a significant gap in comprehensive reporting (City of Johannesburg, 2020/2021). This shortfall
stems from resource constraints, insufficient monitoring systems, or a lack of coordination
between different municipal departments (Kalonda et al., 2021).

The ‘Containment’ data are particularly concerning, with approximately 8%, 15% and 0% of
the available data in the IDP, annual report and Green Drop report respectively. This challenge
is outlined by Smith et al. (2019), who noted the difficulty in maintaining up-to-date records
of sanitation facilities in densely populated municipalities. The literature suggests that such
gaps in data can severely impede efforts to monitor and improve public health outcomes
(Patel & Thompson, 2020). The observed deficiencies in Containment data may be due to
inadequate infrastructure, insufficient funding for data collection, or challenges in accessing
informal settlements where such facilities are often lacking (Nkere et al., 2025).

The data availability in the area of ‘Emptying and Transportation’ is alarmingly low, with no
compliant, actively monitored and complete data reported in the IDP and Green drop report.
Taylor and Harris (2021) highlighted that the absence of reliable data on waste transportation
is a widespread issue, which often results in inefficiencies in the management and treatment
of wastewater. The annual report shows approximately 15% which is below average. This is
due to the logistical challenges of tracking faecal sludge transportation in urban environments,

particularly in informal settlements where such services may be irregular or undocumented.
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The ‘Treatment’ of wastewater data is also shown to be a significant challenge, with 0%, 0%
and 34% of the compliant, actively monitored and complete data, in the IDP, annual report
and the green drop report respectively. This finding is consistent with earlier research by
Graham and Reed (2018), which highlighted the difficulties that municipalities face in
ensuring that all aspects of wastewater treatment are adequately monitored and reported.
The lack of data in this area may be attributed to outdated infrastructure, insufficient
investment in wastewater treatment facilities, or challenges in interdepartmental

coordination, which are commonly cited barriers in the literature.

5.1.2 The level of data availability in relation to Shit Flow Diagram requirements for the

City of Tshwane Metro Municipality.

The analysis of data availability for the CoTMM, based on the 2020-21 Integrated
Development Plan (IDP), the 2020-21 Annual Report, and the 2023 Green Drop Report, is
summarised in Figures 23-25, with the legend provided in Figure 26. These sources reveal
significant disparities in data compliance, monitoring and completeness with SFD
requirements (City of Tshwane Metro Municipality, 2020/2021; City of Tshwane Metro
Municipality, 2020/2021; Department of Water and Sanitation, 2023).
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Figure 24: Shows the level of data availability extracted Figure 25: Shows the level of data availability extracted

from the Integrated Development Plan. from the Annual Report.
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Colour Compliance Monitored Complete Figure
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systems used Transportation Figure 26: Shows the legend used in the graphs.

Figure 26: Shows the level of data availability extracted

from Green Drop Report.

As shown in Figure 23, ‘Descriptive data’ in the IDP show 50% compliance with SFD
requirements, reflecting moderate availability and active monitoring. The Annual Report
(Figure 24) presents a low level of data compliance, monitoring and completeness, with
approximately 33% of “Descriptive Data” meeting SFD requirements compliance, active
monitoring and complete and 25% missing. The Green Drop Report (Figure 25) does not
include “Descriptive Data”, indicating a gap in this area. These findings suggest that the IDP is
the most comprehensive source for “Descriptive Data”, but the lack of uniformity across
documents highlights a critical challenge in achieving consistency in municipal reporting.
Data on ‘Sanitation systems’ used vary significantly across the three documents. The IDP
(Figure 23) shows 50% compliant, actively monitored and complete while the Annual Report
(Figure 24) records only 33%, with 67% of data either incomplete or not monitored. The Green
Drop Report (Figure 25) provides no data on sanitation systems, reflecting a limitation in its
scope. These discrepancies point to gaps in monitoring practices and resource allocation, as
also observed in Johannesburg and noted by Taylor and Harris (2021).

Containment data are particularly concerning across all three reports. As illustrated in Figure
23, the IDP categorises 92% of containment data as no data available, not integrated into the
report. The Annual Report (Figure 24) shows similar results, with 92% of data missing. The
Green Drop Report (Figure 25) offers no data on containment, reinforcing the critical gaps
identified. These findings are consistent with Jones and Brown's, 2020, observations that
densely populated municipalities struggle with the collection and integration of containment
data due to resource constraints and urban expansion.

Data on “emptying and transportation” reveal alarmingly low availability across the three

documents. The IDP (Figure 23) shows 77% of data as missing, while the Annual Report (Figure
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24) records 100% of data as "not integrated into the system." The Green Drop Report (Figure
25) does not provide any data in this category. These results align with Graham and Reed's
(2018) findings, which attribute such deficiencies to logistical and infrastructural challenges in
urban municipalities.

The “Treatment data”, shown in Figures 23-25, present a critical gap. The IDP reports 100% of
treatment data as missing and not integrated into the system, while the Annual Report records
89% missing data. The Green Drop Report also indicates significant gaps, with 56% of
treatment data unavailable or incomplete (Figure 25). This lack of comprehensive data
undermines public health and environmental management efforts, as emphasised by Patel

and Thompson (2020).

5.1.3 The level of data availability in relation to Shit Flow Diagram requirements for the

City of Ekurhuleni Metro Municipality.

The CoEMM encountered significant obstacles during the data collection process, largely
stemming from the draft status of the available Integrated Development Plans, which
hindered access to complete, finalised reports. These challenges were exacerbated by gaps
identified in the Annual Reports, particularly concerning water supply coverage. For instance,
the 2021/2022 Annual Report included a table on water service delivery with empty fields
under the water supply category. It was unclear whether these blank spaces signified missing
data or represented portions of the population without access to water services. This
ambiguity in reporting underscores a major challenge in data interpretation and emphasises
the urgent need for more transparent, detailed, and comprehensive documentation practices
within the Municipality (City of Ekurhuleni Metro Municipality, 2020/2021; City of Ekurhuleni
Metro Municipality, 2020/2021)
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Figure 28: Shows the level of data availability extracted

Figure 27: Shows the level of data availability extracted
from Annual Report.

from Integrated Development Plan.
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Figure 26: Shows the legend used in the graphs.

Figure 29: Shows the level of data availability extracted

from Green Drop Report.

The three reports; IDP, Annual Report, and Green Drop Report, reveal varied strengths and
weaknesses in data compliance with SFD requirements, monitoring, and completeness for the
CoEMM. In terms of “Descriptive data”, the IDP demonstrates moderate compliance, with 50%
of the data fully available and complete. However, critical environmental parameters, such as
groundwater levels and aquifer vulnerability, are either missing or insufficiently documented.
The Annual Report shows slightly higher compliance at 58%, reflecting a more detailed and
accurate depiction of the Municipality's general parameters. Despite this improvement, gaps
in environmental data persist, limiting the Municipality's ability to plan effectively for water
and sanitation services. The Green Drop Report, on the other hand, fails to provide any
“Descriptive Data” in compliance with SFD requirements, highlighting a significant shortfall in
this area.

When analysing “Sanitation systems used”, both the IDP and Annual Report demonstrate full
compliance, with 100% of the data meeting SFD requirements. This indicates robust

documentation of sanitation infrastructure, such as latrines, sewerage connections, septic
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tanks, and public toilets. However, the Green Drop Report lacks any information about
“Sanitation systems used”, reflecting a critical gap in its scope. In contrast, “Containment data”
reveal significant deficiencies across all three reports. The IDP shows only 8% compliance,
suggesting limited monitoring and reporting of containment practices. The Annual Report
fares even worse, with no data meeting SFD requirements for containment, while the Green
Drop Report similarly provides no compliance, reinforcing systemic weaknesses in this critical
area of sanitation.

The “Emptying and transportation data” are equally problematic. The IDP shows minimal
compliance, with data availability ranging from 0% to 8%. This gap highlights substantial
challenges in tracking and reporting on wastewater logistics. The Annual Report mirrors these
findings, offering no compliance in this category. The Green Drop Report also fails to include
any relevant data, underscoring persistent shortcomings in monitoring and managing these
essential services. The “treatment” category reflects some improvement in the Green Drop
Report, with 33% compliance compared to the IDP and Annual Report, which each achieve
only 11%. While the Green Drop Report provides slightly better insights into treatment-related
data, such as sewage treatment plant capacity, gaps in data on capacity utilisation persist
across all three reports, undermining the Municipality's ability to optimise its wastewater

treatment facilities effectively.

5.1.4 The level of data availability in relation to Shit Flow Diagram requirements for

Sedibeng District Municipality.

Sedibeng District Municipality employs a unique approach to data collection and terminology,
recording households as "units," which distinguishes it from other municipalities. This district
consists of three local municipalities: Midvaal Local, Lesedi Local, and Emfuleni Local.
Functioning primarily as an administrative entity, the Sedibeng District Municipality oversees
these local municipalities and ensures coordinated governance across the region. While the
district Municipality aggregates and reports data on a broader scale, the local municipalities
benefit from their smaller administrative scope, enabling them to implement more detailed

and specific data collection mechanisms.
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5.1.4.1 Midvaal Local Municipality

The data compliance, monitoring and completeness for Midvaal Local Municipality across the
Annual Report, Integrated Development Plan (IDP), and Green Drop Report reveals significant
discrepancies as shown in Figure 29-31 (Midvaal Local Municipality, 2020/2021; Midvaal
Municipality, 2020/2021, Department of Water and Sanitation, 2023). The Annual Report
demonstrates critical data gaps in areas such as “containment, emptying and transportation,
and treatment”, where no data are available. This lack of monitoring reflects limited attention
to key sanitation practices, including the management of septic tanks, their emptying
schedules, and transportation methods. Furthermore, no records exist on treatment plant
capacity, wastewater volumes treated, or the efficiency of treatment processes. However, the
Annual Report does provide partial compliance in “descriptive data”, with 33% availability
covering the area, population, population growth rate, and water supply. Notably, only 17%
of sanitation system data, specifically related to the number of households and populations

with access to latrine facilities, is monitored and reported.
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Figure 31: Shows the level of data availability extracted

Figure 30: Shows the level of data availability extracted from Annual Report.

from Integrated Development Plan.
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Figure 32: Shows the level of data availability extracted

from Green Drop Report.

In contrast, the IDP provides a more comprehensive view of the Municipality’s data landscape.
“Descriptive data” are fully compliant with SFD requirements, offering detailed insights into
demographic and geographic factors such as population growth rates, topography, climate,
groundwater levels, and aquifer vulnerability. This suggests robust data collection
mechanisms in these areas. However, significant gaps persist in sanitation-specific categories.
For instance, data on households and populations connected to latrines, sewerage systems,
and septic tanks are incomplete. The IDP and annual report has no data for “containment,
emptying and transportation, and treatment”. This reflects systemic challenges in monitoring
and reporting on these critical aspects of sanitation, despite the Municipality’s apparent focus
on “Descriptive Data”.

The Green Drop Report, however, focuses primarily on wastewater treatment but provides
limited data coverage for Midvaal Municipality. While the report highlights some treatment-
related data, such as compliance indicators for wastewater facilities, significant gaps remain
in treatment capacity utilisation and efficiency metrics. The report does not provide any
meaningful data on descriptive aspects, sanitation systems, or containment practices,

emphasising its narrow scope.

5.1.4.2 Lesedi Local Municipality

The comparison of the Annual Report, Integrated Development Plan (IDP), and Green Drop
Report for Lesedi Local Municipality shows gaps in data compliance, actively monitoring and
completeness as shown in Figure 32-34 (Lesedi Local Municipality, 2020/2021; Lesedi
Municipality, 2020/2021, Department of Water and Sanitation, 2023).
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The Annual Report provides relatively comprehensive “descriptive data”, covering critical
indicators such as the area, population, and water supply, which support effective monitoring
and planning. However, a key deficiency is the absence of climate-related data, reflecting a
gap in capturing essential environmental information. For sanitation systems, the Annual
Report demonstrates strong compliance, actively monitoring and completeness, with detailed
reporting on infrastructure such as latrine facilities, sewerage connections, and septic tanks.
Despite this strength, the containment data show significant deficiencies, with missing
information on sewage system types, containment conditions, and effluent discharge
practices. Similarly, the emptying and transportation data are incomplete, indicating
inadequate monitoring of wastewater transportation methods, desludging services, and
sewer line conditions. Wastewater treatment data in the Annual Report yield mixed results,
with complete coverage of parameters such as treatment plant capacity but missing

information on treatment capacity utilisation and efficiency.
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Figure 33: Shows the level of data availability extracted Figure 34: Shows the level of data availability extracted

from Integrated Development Plan. from Annual Report.
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Figure 35: Shows the level of data availability extracted

from Green Drop Report.

The IDP, however, was missing for Lesedi Local Municipality, resulting in significant data gaps
across all categories. This absence severely limited the ability to assess the Municipality’s
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compliance with SFD data requirements. The Green Drop Report offered a limited focus on
wastewater treatment, providing data into treatment capacity and compliance with national
wastewater standards. However, it lacks data on other critical areas, such as “Descriptive

Data”, sanitation systems, containment measures, and emptying and transportation practices.

5.1.4.3 Emfuleni Local Municipality

The comparison of the Annual Report, Integrated Development Plan (IDP), and Green Drop
Report for Emfuleni Local Municipality highlights significant discrepancies in data compliance,
active monitoring, and completeness, as shown in Figures 35-37 (Emfuleni Local Municipality,
2020/2021; Emfuleni Municipality, 2020/2021, Department of Water and Sanitation, 2023).

The Annual Report shows high data compliance, actively monitoring and completeness in
“descriptive data”. Similarly, the report demonstrates strong compliance with SFD
requirements in sanitation systems, including data on households and populations with access
to latrines and the prevalence of open defecation. However, substantial gaps are evident in
the “containment” section, with limited information on sewage system types, containment
conditions, and septic tank discharge methods. Furthermore, data on sewerage and septic
tank connections are incomplete, and the total number of public and community toilets is only

partially documented.
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Figure 37: Shows the level of data availability extracted

Figure 36: Shows the level of data availability extracted from Annual Report.

from Integrated Development Plan.
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Figure 38: Shows the level of data availability extracted

from Green Drop Report.

The IDP provides strong compliance in “descriptive data”, including detailed demographic and
geographic indicators such as city area, population size, growth rate, and water-related
parameters like water supply per capita and coverage. Despite this, the IDP reveals relatively
limited data availability in “sanitation systems, containment, and treatment”. Minimal data
exist on the distribution of sanitation facilities (latrines, sewerage systems, and septic tanks)
among households, as well as on the prevalence of open defecation. Containment data,
including sewage system types and “emptying and transportation” practices, are missing, as

are details on treatment facilities, highlighting critical gaps in monitoring and reporting.

The Green Drop Report provides limited insights, focusing almost exclusively on wastewater
treatment. While it offers some information on treatment capacity and compliance with
national standards, it lacks data on descriptive parameters, sanitation systems, containment

measures, and emptying and transportation practices.

5.1.5 The level of data availability in relation to Shit Flow Diagram requirements for West

Rand District Municipality.

The analysis of data availability across the different local municipalities within the West Rand
District provides valuable understanding of each Municipality's strengths and weaknesses in
data compliance, monitoring and completeness, as shown in Figures 38—49 (West Rand
District Municipality, 2021/2022; West Rand Municipality, 2021/2022, Department of Water

and Sanitation, 2023).
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Mogale Local Municipality appears to rely heavily on the IDP and Annual Reports of Merafong
Local Municipality, potentially adopting these reports as their own. This reliance raises
concerns about the Municipality's ability to independently collect and report accurate,
municipality-specific data. Meanwhile, the IDP report for Rand West Local Municipality
contains significant errors in reporting units, such as the use of "ml" (millilitres) instead of the
correct unit, "ML" (megalitres). These errors complicate the interpretation of water-related

data and highlight gaps in data validation and quality control.

5.1.5.1 Rand west Local Municipality

The three reports; IDP, Annual Report, and Green Drop Report, reveal varied strengths and
weaknesses in data compliance, monitoring, and completeness with SFD requirements for
Rand West Local Municipality. In terms of “Descriptive data,” the IDP demonstrates strong
compliance, actively monitored and complete of 67%. This includes indicators such as the city
area, population, population growth rate, water supply coverage, and the number of slum
settlements. The Annual Report performs similarly, with 58% of “Descriptive data”
compliance, actively monitored and complete, covering essential demographic and
geographic parameters. However, gaps remain in areas such as topography, climate, and

groundwater levels. The Green Drop Report does not provide any” Descriptive Data”.
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Figure 41: Shows the level of data availability extracted
Figure 40: Shows the level of data availability extracted from Annual Report.

from Integrated Development Plan.
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Figure 43: Shows the legend used in the graph

Figure 42: Shows the level of data availability extracted

from Green Drop Report.

When analysing “Sanitation systems used,” both the IDP and Annual Report reveal significant
deficiencies. None of the data in the IDP meet SFD requirements, with missing information on
households and populations connected to latrine facilities, sewerage systems, or septic tanks,
as well as the prevalence of open defecation. The Annual Report shows slightly better
performance, with partial data availability for households connected to various sanitation
systems, but gaps persist in community or public toilet usage. The Green Drop Report does
not provide any data on sanitation systems.

The “Containment data” reveal systemic weaknesses across all three reports. They show
missing data, with no data available on sewage system types, containment conditions, or
effluent discharge practices. This lack of data poses significant challenges to understanding
and addressing sanitation infrastructure needs. For “Emptying and transportation data,” all
three reports show a complete absence of compliance. Neither the IDP nor the Annual Report
provides data on wastewater logistics, such as desludging services or sewer line conditions.
The Green Drop Report similarly excludes these categories, reflecting significant gaps in
tracking and managing waste transportation processes.

The “Treatment” category shows mixed performance across the reports. The IDP and Annual
Report do not provide any treatment data, such as capacity utilisation or efficiency metrics.
The Green Drop Report demonstrates limited compliance, with 33% of treatment-related data

available.

5.1.5.2 Mogale Local Municipality
Mogale Local Municipality encountered significant challenges in its data collection and

reporting processes, primarily due to the absence of a publicly available annual report, which
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limited the Municipality’s ability to present a comprehensive overview of its sanitation and
wastewater management efforts. The IDP report reveals both strengths and weaknesses, but
the lack of supporting documentation exacerbates existing gaps, particularly in sanitation-

specific categories. This is shown in Figure 43-45 (Mogale Local Municipality, 2020/2021).

100% 100%
90% 90%
80% 80%

o

70% 70%

60%
60%

50%
50%

40%
40%

30%
30% 20%
20% 10%
10% 0%

0% Descriptive data Sanitation Containments  Emptying and Treatment

- . . o e d T rtati
Descriptive Sanitation  Containments Emptyingand Treatment systems use ransportation

data systems used Transportation

Figure 45: Shows the level of data availability extracted

Figure 44: Shows the level of data availability extracted from Annual Report.

from Integrated Development Plan.

o Colour Compliance Monitored Complete Figure

90%

80%

o - Y 100% Complete
o0 Yellow Y 75% Complete
s0% Lightbrown Y 50% Complete
40%

30% X 25% Complete
20% x 0% Complete
10% / P

0%

IR NENENEN

Descriptive data Sanitation Containments  Emptying and Treatment
systems used Transportation

Figure 47: Shows the legend used in the graphs
Figure 46: Shows the level of data availability extracted

from Green Drop Report.

The three reports; IDP, Annual Report, and Green Drop Report, reveal varied strengths and
weaknesses in data compliance with SFD requirements, monitoring, and completeness for
Mogale Local Municipality. In terms of “Descriptive data”, the IDP demonstrates moderate
compliance, with 58% of the data fully available and complete. This includes key parameters
such as city area, population, population growth rate, topography, climate, groundwater
levels, aquifer vulnerability, water supply sources, water supply per capita, water supply
coverage, the number of slum settlements, and the number of households within the
municipal boundary. However, the absence of the Annual Report and the lack of relevant data
in the Green Drop Report mean that no further insights are available in this category, leaving

significant gaps in critical environmental and demographic data.
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When analysing “Sanitation systems used”, the IDP demonstrates low compliance, with only
17% of the required data being available. Data on households and populations connected to
sanitation facilities, such as latrines, sewerage systems, and septic tanks, is either incomplete
or entirely absent. This deficiency is compounded by the lack of sanitation systems data in

both the Annual Report and the Green Drop Report.

The “Containment data” reveal systemic weaknesses across all three reports. The IDP, Annual
Report, and Green Drop Report all show no compliance, with a complete absence of data on
sewage system types, containment conditions, and effluent discharge practices. This lack of
data poses significant challenges to understanding and addressing sanitation infrastructure
needs within the Municipality. For “Emptying and transportation data”, all three reports
demonstrate a 100% absence of compliance. Neither the IDP nor the Green Drop Report
provides any relevant data on wastewater logistics, such as desludging services or sewer line

conditions, leaving this critical area of sanitation management entirely unaddressed.

In terms of “Treatment”, the Municipality performs poorly across all three reports. The IDP
and Annual Report provide no data on treatment capacity utilisation, and the Green Drop
Report having 33% of compliant, actively monitored and complete treatment-related data for

Mogale Local Municipality

5.1.5.3 Merafong Local Municipality

The analysis of the IDP, Annual Report, and Green Drop Report for Merafong Local
Municipality reveals notable strengths in “Descriptive Data” collection but significant gaps in
sanitation systems, containment, emptying, transportation, and treatment data. The absence
of a cohesive approach across the three reports as shown in Figure 47- 49 indicates the need
for improved data monitoring and reporting practices to comply with SFD requirements and
to support effective sanitation management (Merafong Local Municipality, 2020/2021;
Merafong Municipality, 2020/2021; Department of Water and Sanitation, 2023).

The three reports; IDP, Annual Report, and Green Drop Report, demonstrate varied
compliance with SFD requirements. In terms of “Descriptive data”, the IDP shows strong
compliance, with 92% of the compliant, actively monitored and complete data. This includes
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detailed reporting on parameters such as city area, population, population growth rate,
groundwater levels, aquifer vulnerability, and water supply coverage. However, gaps in
climate-related data persist, which limits a comprehensive understanding of environmental
factors. The Annual Report supports this performance with strong “Descriptive Data”, though
gaps are noted in reporting on groundwater levels and water supply per capita. The Green

Drop Report, in contrast, provides no “Descriptive Data”.
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Figure 48: Shows the level of data availability extracted Figure 49: Shows the level of data availability extracted
from Integrated Development Plan. from Annual Report.
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Figure 50: Shows the level of data availability extracted

from Green Drop Report.

The three reports; IDP, Annual Report, and Green Drop Report, demonstrate varied
compliance with SFD requirements. In terms of “Descriptive data”, the IDP shows strong
compliance, with 92% of the compliant, actively monitored and complete data. This includes
detailed reporting on parameters such as city area, population, population growth rate,
groundwater levels, aquifer vulnerability, and water supply coverage. However, gaps in
climate-related data persist, which limits a comprehensive understanding of environmental
factors. The Annual Report supports this performance with strong “Descriptive Data”, though
gaps are noted in reporting on groundwater levels and water supply per capita. The Green

Drop Report, in contrast, provides no “Descriptive Data”.
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When analysing “Sanitation systems used”, the IDP shows moderate compliance, with 50% of
the data meeting SFD requirements. The report demonstrates robust documentation of
households connected to sewerage systems but lacks information on households using septic
tanks or relying on community or public toilets. Similarly, the Annual Report highlights strong
reporting on sewerage connections but identifies gaps in reporting on public toilet facilities.

The Green Drop Report fails to include any sanitation systems data.

For “Containment data”, the reports collectively reveal significant deficiencies. The IDP
achieves only 8% compliance, with limited information on septic tank types and no data on
the functional status of the sewage network or containment conditions. The Annual Report
mirrors these findings, providing no additional insights into containment practices. The Green
Drop Report also provides no containment data. The “Emptying and transportation data” are
entirely absent across all three reports. The IDP and Annual Report fail to provide any data on
wastewater logistics, such as desludging frequency or the capacity of emptying trucks.
Similarly, the Green Drop Report does not address emptying and transportation, leaving this

category completely unaddressed.

In terms of “Treatment”, the IDP demonstrates minimal compliance, with only 33% of the
required data available. The report includes basic data on treatment plant capacity but lacks
critical details on treatment capacity utilisation and the efficiency of wastewater treatment
processes. The Annual Report mirrors this low compliance, adding no further insights into
treatment practices. The Green Drop Report, while providing 33% on compliant, actively
monitored and complete data, fails to address broader treatment issues, such as efficiency

and capacity utilisation.

5.2 Data compliance, monitoring and completeness with the SFD requirements

The effective implementation of the SFD relies heavily on the availability, accuracy, and
completeness of sanitation data. Municipalities must meet specific requirements for data
compliance and active monitoring to ensure their reporting systems align with SFD standards.
This section evaluates the level of data compliance, monitoring practices, and completeness
across the Integrated Development Plans (IDPs), Annual Reports, and Green Drop Reports of
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selected municipalities. The analysis focuses on key sanitation categories, including
Descriptive Data, Sanitation systems used, Containment measures, Emptying and
Transportation, and Treatment.

The municipalities assessed include the CoJMM, CoTMM, CoEMM, Sedibeng District
Municipality (Midvaal Local Municipality, Lesedi Local Municipality, and Emfuleni Local
Municipality), and West Rand District Municipality (Rand West Local Municipality, Mogale

Local Municipality, and Merafong Local Municipality) as shown in Table 12 -14.
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1. Annual Report

Table 12: Comparison of the level of data compliance, monitoring and completeness with the SFD using the annual report.

Level of data availability (%)

a. City of Johannesburg Metropolitan

Municipality 33% 6% 12% | 0% 49% 0%

b. City of Tshwane Metropolitan

Municipality 16% 3% 5% 15% 61% 0%

C. Ekurhuleni Metropolitan

Municipality 34% 0% 2% 2% 63% 0%

d. Sedibeng District Municipality 6% 0% 0% 0% 94% 0%
i. Midvaal Local Municipality 10% 0% 0% 0% 90% 0%

ii. Lesedi Local Municipality 37% 5% 0% 0% 59% 0%

iii. Emfuleni Local Municipality | 22% 7% 7% 0% 65% 0%

e. West Rand District Municipality 6% 0% 6% 29% 58% 0%

i. Rand West Local
Municipality 25% 0% 0% 0% 75% 0%

ii. Mogale Local Municipality | - - - - - -

iii. Merafong Local

Municipality 27% 0% 2% 7% 65% 0%

1 Data is compliant with SFD requirements, actively monitored, and fully complete with detailed figures or
descriptions.

2 Data is compliant and monitored but only partially complete, with significant gaps in detail.

3 Data is compliant and monitored but moderately complete, with substantial missing descriptions.

4 Data is compliant but unmonitored and minimally complete, providing very limited information.

°> Data required for SFD is entirely unavailable or unreported.

¢ Data does not meet SFD compliance requirements but is actively monitored.
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2. Integrated Development Plan

Table 13: Comparison of the level of data acompliance, monitoring and completeness with the SFD using the IDP.

Municipality

a. City of Johannesburg
Metropolitan Municipality 15% 2% 16% |17% |51% 0%

b. City of Tshwane Metropolitan

Municipality 20% 13% | 5% 7% 56% 0%
C. Ekurhuleni Metropolitan
Municipality 32% 0% 12% | 2% 55% 0%

d. Sedibeng District Municipality 43% 4% 4% 2% 46% 0%

i. Midvaal Local Municipality | 20% 0% 20% | 0% 60% 0%

ii. Lesedi Local Municipality | - - - - - -

iii. Emfuleni Local
Municipality 15% 0% 0% 0% 85% 0%
e. West Rand District Municipality 10% 0% 8% 0% 54% 27%

i Rand West Local
Municipality 17% 0% 2% 0% 65% 17%

ii. Mogale Local Municipality | 15% 0% 3% 0% 82% 0%

iii. Merafong Local

Municipality 37% 0% 12% | 0% 51% 0%
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3. Green Drop Report

Table 14: Comparison of the level of data compliance, monitoring and completeness with the SFD using the Green Drop Report.

Municipality

a. City of Johannesburg Metropolitan
Municipality 7% 0% 2% | 0% 91% 0%

b. City of Tshwane Metropolitan

Municipality 7% 0% 2% | 0% 91% 0%
C. Ekurhuleni Metropolitan
Municipality 7% 0% 2% | 0% 91% 0%
d. Sedibeng District Municipality 7% 0% 2% | 0% 91% 0%
i. Midvaal Local Municipality | 7% 0% 2% | 0% 91% 0%
ii. Lesedi Local Municipality 7% 0% 2% | 0% 91% 0%
iii. Emfuleni Local
Municipality 7% 0% 2% | 0% 91% 0%
e. West Rand District Municipality 7% 0% 2% | 0% 91% 0%

i. Rand West Local

Municipality 7% 0% 2% | 0% 91% 0%
ii. Mogale Local Municipality | 7% 0% 2% | 0% 91% 0%
iii. Merafong Local

Municipality 7% 0% 2% | 0% 91% 0%

Tables 12—-14 present the level of data availability across municipalities in Gauteng, assessing
compliance, monitoring, and completeness based on the SFD checklist requirements. The data
is represented using a colour-coded system described previously, with percentages calculated

from the checklist parameters. Green indicates data that is compliant, actively monitored, and
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either complete or fully described. For example, data on the area of the city and population is
both readily available and supported by detailed figures and descriptions in municipal reports.
Yellow represents data that is compliant and monitored but 75% incomplete or lacking
sufficient detail. An example is records on groundwater levels, where monitoring exists, but
the data lacks temporal variations or specific measurement details. Light brown denotes data
that is compliant and monitored but only 50% complete or inadequately described. For
instance, a municipality may report that septic tanks are used but fail to specify the population
relying on them or the number of tanks installed. Dark brown reflects data that is compliant
but unmonitored, with only 25% completeness or minimal descriptions. For example, data on
faecal sludge containment might note its use but omit essential details such as whether the
sludge is safely stored or treated. Red signifies data that is entirely unavailable, such as when
no information is provided on the percentage of faecal sludge safely closed when full and
relocated. Purple, which was rarely observed, indicates data that is non-compliant with SFD
requirements but actively monitored. An example is sanitation systems used in informal
settlement such as chemical toilets. These tables capture the overall status of required data

within three reports from different municipalities.

Table 12 illustrates the level of sanitation data collected from annual reports availability across
Gauteng municipalities. The results reveal considerable variation, with metropolitan
municipalities generally performing better than district municipalities. Ekurhuleni (34%) and
Johannesburg (33%) record the highest proportions of complete data, while Sedibeng and
West Rand districts have the lowest (both at 6%), indicating severe data scarcity in these areas.
Within the districts, performance is inconsistent. In Sedibeng, Lesedi stands out with 37%
complete data, compared to Midvaal’s 10% and Emfuleni’s 22%, while West Rand shows a
similar disparity, with Rand West (25%) and Merafong (27%) outperforming the district
average. The City of Tshwane shows moderate completeness (16%) but has the highest
proportion of incomplete data (15%), suggesting reporting is more advanced but not yet
comprehensive. Overall, missing data remains the most significant challenge, exceeding 49%

in all municipalities, and reaching as high as 94% in Sedibeng.

Table 13 shows the proportion of sanitation data collected from IDPs classified as complete,

incomplete, missing, or non-compliant with SFD requirements for Gauteng municipalities.
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Across all municipalities, missing data is the dominant issue, ranging from just over 50% to
more than 80% of the required dataset. Among the metropolitan municipalities, Sedibeng
District Municipality records the highest proportion of complete data (43%), while Tshwane
has the most incomplete data (13%). In Sedibeng District, performance varies widely, with
Midvaal achieving 20% completeness, Emfuleni only 15%, and Lesedi lacking any available
data. West Rand District records the lowest completeness (10%) and the highest non-

compliance (27%), with Mogale having the greatest proportion of missing data (82%).

According to the Green Drop Report, there is consistency in data publishing and reporting
across municipalities, as shown in Table 14. This consistency arises because the Department
of Water and Sanitation applies a uniform methodology for data collection across all
municipalities. As a result, the data checklist and recording of available, missing, and
incomplete information are standard. Within Gauteng municipalities, 7% of the required data
is complete and available for developing SFDs, 91% is missing, and the remainder is

incomplete or non-compliant with SFD requirements.

5.2.1 Data compliance with SFD

The available data largely comply with the SFD data requirements, particularly in terms of
terminology and definitions. Most of the data are presented in a format that can be readily
converted into percentages, aligning with the majority of SFD data requirements. However,
certain aspects do not meet compliance standards, particularly concerning the classification
of sanitation systems in use. For instance, ambiguous terminology such as "none toilet" lacks
a clear definition, making it unclear whether it refers to open defecation, shared facilities, or
other alternative sanitation methods.

Non-compliant data are predominantly identified in figures using the legend, such as Figure
50, where data represented in red and purple indicate non-compliance. This section,
therefore, focuses on analysing these results. Missing data is inherently non-compliant with
SFD requirements, as compliance necessitates a comprehensive representation of key
components, including containment, emptying, transport, treatment, and disposal. The
absence of any of these elements results in an incomplete assessment of the sanitation
system.
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Furthermore, compliance requires that data be verifiable through reliable sources such as
monitoring reports, field surveys, and municipal records. Missing data, particularly when
unsupported by documentation, cannot be validated, further contributing to non-compliance.
Additionally, the SFD framework emphasises periodic monitoring and reporting, and the
absence of updated data signifies a failure to meet these standards. Datasets that do not align
with the data elements specified in the SuSanA checklist or other SFD frameworks are
classified under lower compliance categories, reflecting their inability to fulfil minimum
reporting standards. Table 12 indicates that over 50% of the data from annual reports are
missing, and the available data largely do not comply with SFD requirements. An exception is
the City of Johannesburg Metropolitan Municipality (CoJMM), which has 49% missing data. In
contrast, Sedibeng District Municipality records the highest percentage of missing data at
94%. A similar pattern is observed in Table 13, which presents data from IDPs, where Sedibeng
District Municipality has the lowest percentage of missing data at 46%.

The majority of municipal data aligns with SFD terminology and reporting standards, rare but
critical deviations highlight systemic inconsistencies in adherence to compliance protocols. A
notable example is the classification of “chemical toilets” in informal settlements, which is
coded purple in Tables 12—14 to denote non-compliant but actively monitored data. The term
“chemical toilet” contravenes SFD guidelines, which mandate the use of standardised
terminology such as “container-based sanitation” or “dry sanitation systems” to describe
decentralised sanitation solutions. This deviation reflects a lack of alignment with SFD’s goal
of universalising terminology to enable cross-regional benchmarking and policy coherence.
The persistence of non-compliant terminology risks misinterpretation by stakeholders, as
“chemical toilets” may conflate temporary emergency solutions with permanent
infrastructure. Table 13 indicates that 27% of the data available from Integrated Development
Plans (IDPs) in West Rand District Municipality do not comply with SFD definitions and

terminology.

5.2.2 Data monitoring
Data monitoring within the scope of this study refers to the ongoing process of systematically
tracking and evaluating sanitation data across municipalities in Gauteng, with a particular

focus on its alignment with the SFD requirements. The primary objective is to assess the
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current status of data collection, identify existing gaps, and enhance the overall reliability of
the data to foster more effective sanitation management.

To identify the level of data monitoring, an analysis was conducted on the available sources
of data, including annual reports, Integrated Development Plans (IDPs), and the timelines
associated with the data. The key data sources identified for this study were Statistics South
Africa (StatsSA), HIS Markit, GIS data, and the Municipal Demarcation Board. The data from
these sources spanned a period from 2011 to 2020, as indicated in Table 22 in the appendix.

This assessment allowed for the identification of trends, the recognition of data gaps, and the
evaluation of the consistency and reliability of data across different municipalities. Ultimately,
it became clear that while some municipalities have more robust data monitoring systems in
place, others still face challenges in ensuring the monitoring of the data, especially in areas
like transportation and treatment.

A recurring issue in the data reported by municipalities is the limited monitoring and
verification mechanisms in place. Without active and continuous monitoring, there is a
significant risk of data becoming outdated or inaccurate, which in turn affects the reliability of
the SFDs. The absence of robust verification processes further compounds this issue, as it
allows for the perpetuation of errors and inconsistencies in the reported data. The timelines
of data presented by different municipalities highlight the challenge of outdated data. For
example, the West Rand District and Ekurhuleni have data that date back to 2011 and 2017,
which raises concerns about the relevance and accuracy of the information when it is applied

to current sanitation challenges.

5.2.3 Data completeness

The fragmentation of data is another significant issue, with many municipalities reporting only
partial data that fails to provide a comprehensive picture of the sanitation landscape. This
fragmentation is attributed to a variety of factors, including resource limitations, lack of proper
data management systems, and inadequate training of personnel involved in data collection.
Consequently, critical data points necessary for the accurate generation of SFDs, such as
details on wastewater treatment processes, are often missing or inadequately documented.
For example, while Rand West and Merafong provide some Descriptive Data and information

on sanitation systems, they lack data on the complete sanitation chain, particularly in the
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areas of containment and treatment. Similarly, municipalities such as Emfuleni and Lesedi

have significant data gaps, with some categories being entirely unreported.

5.2.4 Data Recording

One of the primary challenges identified is the lack of uniformity in the publication of reports
across different municipalities. For example, Mogale Local Municipality does not publish an
annual report (AR), and Lesedi Local Municipality does not publish an Integrated Development
Plan (IDP). This inconsistency extends to the terminology used, variations in municipal reports,
categorisation, and even the units of measurement across different datasets. Such
discrepancies complicate the data analysis process and can lead to potential
misinterpretations when applied to SFDs. It is important to note that with the Green Drop
Report, there is consistency in data publishing and reporting across municipalities. The
inconsistency is also reflected in the sources of data for the reports. The data used in IDPs and
ARs across several municipalities in Gauteng come from different sources, as indicated in the
reports; refer to Appendix (7.1.6). For example:

e Rand West Local Municipality, Mogale Local Municipality, and Emfuleni Local
Municipality primarily sourced their data for both IDPs and annual reports from Stats
SA, with timelines for 2021 and earlier.

e The Moran local Municipality used Stats SA data from 2016 for their IDP, whereas the
West Rand District Municipality utilised data from both Stats SA and IHS Markit,
covering various years. Midvaal Local Municipality provided IDP data through GIS for
2022, with annual report data sourced from Stats SA for 2011.

e The Lesedi Local Municipality sourced annual reports data from Quantek in 2020.

e The Sedibeng District Municipality obtained IDP data from the Municipal Demarcation
Board and IHS Markit for 2023, whereas the annual report data came from the IHS
Markit for 2020.

e In major cities such as Johannesburg, Tshwane, and Ekurhuleni, data for both IDPs and
annual reports were sourced from Stats SA and other sources, covering different years

depending on the Municipality.
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5.2.5 Data Accessibility

The absence of a centralised data repository or clear protocols for data sharing significantly
hampers efforts to compile and analyse data effectively. This issue is particularly evident in
municipalities lacking library platforms or accessible websites for publishing reports. For
example, during the data collection phase of this study, the West Rand District Municipality

website was inaccessible; however, this issue appears to have been resolved.

5.3 Data Compliance, Monitoring, and Completeness Based on Questionnaire

Responses

The surveys conducted provided an understanding of the experiences and challenges faced
by professionals involved in the development of Shift Flow Diagrams (SFDs) in South Africa.
The feedback from the participants shown in Table 15, who have worked in various
provinces and municipalities, highlights both the strengths and areas for improvement in the
SFD development process. Both respondents are experienced professionals, with one being
a chemical engineering technician (Participant 1) and the other being a sanitation specialist
(Participant 2). Their involvement in the development of SFDs spans different regions,
including the Eastern Cape, KwaZulu-Natal, and eThekwini. Their extensive involvement,
particularly in the years 2016 and 2018, suggests a high level of expertise and familiarity

with the SFD process.

The primary methods employed for data collection varied among the respondents, reflecting
the diverse challenges and environments in which they operated. Participant 1 emphasised
the importance of one-on-one interactions with municipal officials and on-the-ground data
collection. This approach was deemed necessary to resolve discrepancies between

published data and actual conditions. Additionally, the necessity of site visits to verify the
accuracy of the data provided by municipalities is highlighted. Conversely, participant 2
relied more on interviews with municipal members and key stakeholders, such as septic tank
emptiers and union leaders. This method was chosen because of the inadequacy of data in

annual reports and the difficulty in accessing transportation data. Participant 2’s approach
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highlights the importance of engaging with stakeholders directly involved in sanitation

operations, as these individuals possess critical information not captured in official reports.

Table 15: Shows the comparison of Data Compliance, Monitoring, and Completeness from questionnaire respondents

Category Data Aspect Participant 1 Participant 2

Completeness 75% 50%

Descriptive Data Monitoring 50% 50%

Compliance 50% 50%

L Completeness 50% 50%

Sanitation Systems

Used Monitoring 25% 50%

Compliance 25% 50%

Completeness 50% 50%

Containments Monitoring 25% 50%

Compliance 25% 50%

. Completeness 50% 75%
Emptying &

Transportation Monitoring 25% 75%

Compliance 25% 50%

Completeness 100% 75%

Treatment Monitoring 75% 75%

Compliance 75% 50%

Compliance with SFD standards varied significantly across sanitation categories, reflecting
inconsistencies in how municipalities align their reporting practices with formal guidelines.
For instance, Treatment data exhibited the highest compliance (Participant 1: 75%; Participant
2:50%), likely due to centralised oversight of wastewater facilities, which mandates adherence
to national regulatory frameworks. In contrast, Sanitation Systems Used and Containment
categories showed lower compliance (Participant 1: 25-50%; Participant 2: 25-50%),
attributed to ambiguous terminology such as “safe containment” or “improved sanitation,”
which lack standardised definitions across municipalities. Participant 2 specifically criticised
vague containment classifications, noting that terms like “safe storage” were inconsistently
applied, leading to mismatches between reported data and SFD requirements. Similarly,
Emptying & Transportation compliance scores diverged sharply (Participant 1: 25%;
Participant 2: 50%), underscoring challenges in documenting informal sector activities, such

as unlicensed sludge transporters, which often operate outside formal reporting frameworks.

110



These discrepancies highlight systemic issues in institutional alignment with SFD protocols,

where compliance is hindered by both technical ambiguities and operational complexities.

Monitoring mechanisms were unevenly applied, with significant gaps in verifying data
accuracy and timeliness. Treatment data received the highest monitoring scores (both
participants: 75%), reflecting routine regulatory inspections at wastewater plants. However,
weaker oversight was evident in Sanitation Systems Used (Participant 1: 25%; Participant 2:
50%) and Containment (Participant 1: 25%; Participant 2: 50%), where municipalities often
rely on static infrastructure inventories rather than dynamic assessments of functionality or
safety. For example, Participant 1 noted that while containment structures (e.g., pit latrines)
were catalogued, their maintenance status or leakage risks were rarely tracked. Emptying &
Transportation monitoring scores were similarly polarised (Participant 1: 25%; Participant 2:
75%), suggesting regional disparities in capacity. Participant 2 highlighted efforts to audit
licensed transporters but acknowledged that informal operators—responsible for a significant
share of sludge removal—were rarely included in datasets. This lack of holistic monitoring
perpetuates data silos, limiting the SFD’s ability to reflect on-ground realities, particularly in
informal settlements where unregulated practices dominate.

Completeness gaps were most pronounced in categories requiring granular, context-specific
metrics. While Descriptive Data (e.g., population statistics) scored moderately (Participant 1:
75%; Participant 2: 50%), Participant 2 emphasised that even available data often lacked
temporal or spatial specificity, such as outdated population figures or aggregated service
coverage rates that masked intra-municipal inequities. Emptying & Transportation exhibited
stark contrasts: Participant 2 reported 75% completeness but stressed that critical details—
such as transporter routes, costs, or sludge disposal sites—were missing in 25% of cases,
undermining SFD accuracy. Treatment data were notably complete (Participant 1: 100%;
Participant 2: 75%), though Participant 2 flagged omissions in effluent quality metrics or
sludge reuse protocols. Conversely, Containment and Sanitation Systems Used suffered from
partial reporting (both participants: 50-75%), with municipalities prioritising quantitative
metrics (e.g., latrine counts) over qualitative details (e.g., user accessibility or safety). These
gaps reflect institutional prioritisation of easily measurable indicators, often at the expense of

nuanced data essential for SFD-driven decision-making.
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5.3.1 Data accessibility

The feedback on the efficiency of the data collection process reveals mixed experiences.
Participant 1 rated the process as "somewhat efficient," noting that the challenges were
related mainly to the need for assumptions and the discrepancies between published data
and on-the-ground realities. Participant 2, however, rated the process as "neutral," indicating
that while some aspects of data collection, such as toilet types and wastewater treatment
figures, were straightforward, other aspects, particularly transportation data, were
challenging due to a lack of monitoring.

The general difficulties in accessing data also vary. Participant 1 found accessing data relatively
easy, especially for containment and reuse/disposal data. However, participant 2 faced
significant challenges, particularly with transportation data, which were described as difficult

to obtain due to the lack of monitoring and detailed reporting.
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6 FRAMEWORK

The effective management of sanitation systems and wastewater requires reliable, consistent,
and actionable data. The SFD provides a valuable framework for visualising and assessing
sanitation service delivery. However, the tool's efficacy is contingent on the quality and
compliance of the data provided by municipalities. Data must not only be complete but also
actively monitored and aligned with SFD requirements to ensure its utility for informed
decision-making, planning, and monitoring.

This section outlines the development of a framework to address the challenges of
compliance, and monitoring and completeness sanitation data. By analysing the gaps
identified in current municipal reporting, such as inconsistencies in terminology, limited
monitoring of sanitation systems, and insufficient documentation of key processes like
containment, transportation, and treatment, the framework aims to bridge the disconnect
between available data and SFD standards.

The framework emphasises enhancing data compliance through standardised reporting
practices, promoting active monitoring mechanisms to improve data reliability, and ensuring
data completeness across all sanitation categories. It is designed to support municipalities in

aligning their sanitation data with SFD requirements.

6.1 The purpose of the Framework

The proposed framework emerged from a critical need to address systemic deficiencies in
sanitation data practices across Gauteng municipalities, as evidenced by the analysis of
Annual Reports, IDPs, and Green Drop Reports (Tables 12—14). These documents revealed
pervasive challenges, including fragmented data systems (e.g., Sedibeng District’s 94%
data unavailability in Annual Reports), inconsistent compliance with SFD terminology (e.g.,
ambiguous classifications like “none toilets”), and stagnant monitoring mechanisms (e.g.,
reliance on decade-old population figures in West Rand). The framework is designed to
bridge these gaps by aligning municipal reporting with the SFD requirements, ensuring
data is not only available but also complete, compliant, and actionable for equitable

sanitation planning.
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Central to the framework are five core principles. First, data availability mandates the
systematic collection of SFD-critical categories (e.g., containment, treatment) across all
municipalities, prioritising historically marginalised districts like Sedibeng, where gaps are
most acute. Second, data completeness expands beyond superficial metrics (e.g., latrine
counts) to capture granular details such as containment leakage rates or informal sludge
transporter routes—parameters often omitted in reports like Emfuleni’s IDP (85%
unavailability). Third, data compliance resolves terminological ambiguities (e.g.,
Participant 2’s critique of “safe containment”) by standardising definitions to align with
SFD requirements, ensuring cross-municipal comparability. Fourth, active monitoring
introduces real-time tracking mechanisms, such as digital dashboards, to update dynamic
metrics (e.g., effluent quality) and mitigate reliance on outdated datasets, as seen in
Ekurhuleni’s 2017 wastewater records. Finally, standardisation and integration unify
disparate reporting systems into a centralised provincial database, reducing
inconsistencies between documents like IDPs and Annual Reports (e.g., Sedibeng’s

compliance rising from 6% to 43% across reports).

The framework directly responds to practitioner-identified challenges (Table 15), such as
the exclusion of informal sector activities and poor interoperability between datasets. By
integrating mandatory fields for contextual parameters (e.g., temporal population trends)
and adopting georeferenced surveys for informal settlements, it ensures SFDs reflect on-
ground realities. This approach not only addresses urban-rural disparities (e.g., Midvaal’s
90% data gaps) but also empowers municipalities to prioritise interventions in high-risk
areas, advancing progress toward SDG 6. Through its structured yet adaptive design, the
framework transforms fragmented data into a cohesive foundation for evidence-based

sanitation governance.

6.2 Generic framework for Ensuring Data compliance, Active Monitoring, and
Completeness
The framework provides a systematic approach to improving data management in sanitation

and wastewater services, ensuring that data are compatible with international tools, actively
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monitored, and complete across all necessary categories. This generic framework is
adaptable to various contexts and aims to address the common challenges faced by

municipalities and organisations involved in sanitation planning and management as shown

in Figure 52.
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Figure 52: The general framework for Ensuring Data compliance, Active Monitoring, and Completeness

6.3 Application of the Framework to The City of Ekurhuleni Metropolitan
Municipality

To develop a framework aimed at improving data in Ekurhuleni to align with SFD development

requirements, we must focus on addressing areas where data availability is lacking or

incomplete. This framework will guide the enhancement of data monitoring, reporting, and

completeness in alignment with SFD criteria, ultimately making the data suitable for SFD

development.

1. ldentified Gaps in Ekurhuleni Municipality
Descriptive Data: High priority should be given to enhancing data on groundwater levels,

aquifer vulnerability, and topography, which currently have low scores and require better

monitoring and data collection.
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Sanitation Systems Used: Although data availability is generally better in this area, specific
attention is needed for latrine facilities and septic tank connections to ensure that all relevant
data are actively monitored and available.
Containment: Significant gaps exist in faecal sludge containment and sewage network status.
There is a need to improve the monitoring and completeness of containment data.
Emptying and Transportation: This area has some of the lowest data availability scores. A
consistent and monitored data collection process for wastewater (WW) transportation,
leakage states, and emptying cycles should be prioritised.
Treatment: Data on wastewater treatment and faecal sludge treatment are critical. Efforts
should be made to improve the completeness and monitoring of data regarding treatment
capacity and efficiency.

2. Defining Objectives in Ekurhuleni Municipality
The framework's objectives are to ensure that data are sufficiently available, complete, and
consistent across all necessary categories. The first step involves increasing data availability,
which is crucial for making subsequent efforts to improve completeness and consistency
effectively. Addressing the gaps in ”Descriptive Data”, “containment”, and “emptying and
transportation” will form the foundation for further enhancements. Once data availability is
improved, the focus shifts to ensuring completeness, ensuring that the data are
comprehensive and cover all required aspects of sanitation management. The final objective
is to standardise the data collection and reporting processes, ensuring that the data are
consistent across various sources and systems.

3. Develop a Data Collection Plan for Missing Data
This plan categorises missing data into key sections, such as ”Descriptive Data”, sanitation
systems used, attainment, emptying and transportation, and treatment. The data sources will
include municipal records, government databases, community surveys, and field inspections.
Responsibilities for data collection will be assigned to relevant departments, such as city
planning, water and sanitation, and environmental management, ensuring that all necessary
data points are managed and monitored effectively.

4. Data collection methodologies
Standardised tools such as surveys, questionnaires, and checklists will be developed to ensure
consistency and accuracy in data collection. Data collection teams receive training to

familiarise them with these tools and the importance of accurate data capture. Field visits and
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community engagements will be conducted where necessary to gather first-hand data,
particularly for areas such as containment, emptying and transportation.

5. Data Integration
Municipalities in Gauteng, including Ekurhuleni, have made significant progress in data
integration by implementing a centralised database system that leverages an online library
approach. This system will be used to consolidate data collected from various departments
and ensure that it is accessible for SFD development.

6. Data Monitoring
Ekurhuleni Municipality has a sanitation data monitoring protocol that involves both internal
management and coordination, with outsourced private companies responsible for various
aspects of sanitation services. The key objectives of this protocol are to track data quality,
ensure data completeness, and maintain data consistency. Despite the protocol in place,
improvements can be made by strengthening oversight, implementing real-time data
collection tools, and ensuring stricter accountability for outsourced companies.

7. Performance monitoring
To enhance sanitation data monitoring, the Green Drop report can be leveraged as a critical
tool for driving performance improvements. By integrating Green Drop findings into regular
evaluations, Ekurhuleni can ensure that data collection is accurate, consistent, and directly
linked to accountability measures. This approach will help identify gaps in current practices,
highlight areas requiring attention, and facilitate continuous improvement in sanitation
management. The systematic use of the Green Drop report will enable the Municipality to
translate standards outlined on paper into effective practices on the ground.

8. The Municipality’s Readiness for SFD Development:
With the framework in place, Ekurhuleni is well positioned to develop SFDs that are accurate
and reflective of the current sanitation landscape. By addressing identified gaps and ensuring
that data are available, complete, and consistent, the Municipality will be able to produce

reliable SFDs that contribute to improved sanitation management and planning.
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7 CONCLUSION

As the Water Research Commission (WRC) has advanced its efforts to collaborate with water
service authorities (WSAs) across South Africa, aiming to utilise SFDs as tools to achieve
universal sanitation access by 2030 (SDG 6), this study reveals that many SFDs initially depend
on internal knowledge and rough calculations. While this does not preclude the development
of SFDs across all WSAs, it underscores the significant challenges that municipalities face in
compiling accurate and comprehensive reports. The primary benefit of the SFD lies in its ability
to provide a foundational starting point for identifying issues within the sanitation service
chain, even when initial data are imprecise. This study highlights specific areas that Gauteng
municipalities must address to develop a clearer understanding of the sanitation systems they
manage. By acknowledging these challenges and areas for improvement, municipalities can
better prepare for the effective implementation of SFDs, ultimately working towards a more

accurate and comprehensive picture of their sanitation systems.

The analysis of sanitation data in Gauteng municipalities revealed significant inconsistencies

in data availability and compliance with SFD requirements.

7.1 Summary

For Objective 1, which focused on conducting a literature review on sanitation terminology,
systems, management tools, and challenges, the key highlights include:
1. Terminology and conceptual clarity:
e Sanitation terminology varies across different sources, leading to
inconsistencies in data interpretation and reporting.
e The study identified the need for standardised definitions to enhance
uniformity in data collection and analysis.
2. Sanitation systems and their complexity:
e Various sanitation systems exist, including centralised sewer networks,

decentralised on-site sanitation, and hybrid models.
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e The efficiency of these systems depends on infrastructure, governance, and
financial investment, which vary significantly across municipalities.
3. Management tools and their application:
e Tools such as the SFD provide a structured approach to visualising sanitation
data, but their effectiveness relies on data quality and availability.
e The study reviewed global best practices in sanitation data management,
highlighting their applicability to South Africa’s context.
4. Challenges in sanitation data management:
e Key challenges include data fragmentation, lack of real-time monitoring, and
inconsistencies in municipal reporting.
e Limited integration between different sanitation management systems hinders
comprehensive analysis and decision-making.
e The study also identified gaps in how municipalities document sanitation-
related activities, affecting the completeness of datasets needed for SFD

development.

Objective 2: To collect publicly available sanitation data across municipalities. The key
highlights are as follow,

e Annual Reports: In the CoJMM, 33% of the data are complete, compliant, and
available, followed by Ekurhuleni at 34%. In contrast, Sedibeng District and West Rand
District have the lowest percentages at 6% and 25%, respectively.

e Integrated development plans (IDPs): Sedibeng District has the highest available,
complete, and compliant data at 43%, whereas Rand West Local and West Rand
Districts have the lowest data at 17% and 10%, respectively.

e Green Drop Report (GDR): All municipalities have consistent 7% data available,
complete and compliant.

Objective 3 to filter, collate and compare the data across selection of Gauteng municipalities,
the key findings are as follow:

e Inconsistencies in data formatting and structure: Municipalities report sanitation data

using different formats and terminologies, making direct comparisons challenging.
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Some municipalities provide detailed figures on wastewater flows, while others
present narrative descriptions with minimal quantitative data.

Variability in data completeness: While some municipalities had relatively complete
datasets for containment and treatment, others lacked information on emptying,
transportation, and reuse/disposal processes. This inconsistency hinders the ability to
track sanitation service coverage comprehensively.

Differences in reporting frequency: The frequency of data updates varied, with some
municipalities maintaining annual reports, while others had irregular or outdated
records. The lack of real-time monitoring further exacerbates discrepancies in
sanitation performance assessments.

Challenges in cross-municipal comparisons: Due to non-uniform reporting methods,
direct comparisons between municipalities were often incomplete or unreliable. The
study found that even when similar data categories were present, the definitions and
classification criteria differed, limiting cross-municipal benchmarking.

Limited Integration with SFD Requirements: Most municipal reports did not align
directly with SFD data criteria, particularly in tracking informal sanitation services,
sludge management, and service reliability. This misalignment affects the accuracy of

SFD representations and decision-making based on the tool.

Objective 4: To develop and administer questionnaires to selected respondents to assess if

the gaps identified in the data are congruent with those experienced by those who have

developed SFDs in South Africa. The key findings are as follow:

Variability in Data Collection Methods:

Respondents employed different approaches to data gathering—Participant 1 relied
on site visits and direct engagement with municipal officials, while Participant 2 used
stakeholder interviews due to the inaccessibility of transportation data in official
reports.

This highlights the critical role of primary data verification in ensuring accuracy, as

published records often failed to reflect ground realities.

Inconsistencies in Compliance with SFD Standards:

Treatment data had the highest compliance (Participant 1: 75%; Participant 2: 50%),

likely due to regulatory oversight of wastewater plants.
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e Sanitation systems and containment had lower compliance rates (25-50%), attributed
to ambiguous definitions and inconsistent classification across municipalities.

e Emptying & transportation compliance (25-50%) was notably weak, reflecting gaps in
tracking informal service providers who operate outside formal reporting frameworks.

Gaps in Monitoring Practices:

e Treatment data was most actively monitored (75%), supported by routine inspections
at wastewater plants.

e Sanitation systems, containment, and emptying processes had significantly weaker
monitoring (25-50%), as municipalities often relied on static inventories rather than
dynamic tracking of infrastructure functionality or safety.

e Unregulated sludge transporters were largely absent from official datasets, further
limiting the accuracy of SFD assessments.

Challenges in Data Completeness:

e Descriptive data (population statistics) scored moderately (75-50%), though concerns
were raised about outdated or aggregated figures that masked intra-municipal
inequalities.

e Emptying & transportation completeness varied (Participant 1: 50%; Participant 2:
75%), with missing details on transporter routes, disposal sites, and costs, affecting
data reliability.

e Containment and sanitation system completeness remained partial (50-75%), as
reports prioritised infrastructure counts over qualitative aspects like accessibility and
safety.

Data Accessibility Constraints:

e Mixed efficiency ratings for data collection—Participant 1 found it "somewhat
efficient", while Participant 2 rated it "neutral", citing major difficulties in accessing
transportation data due to poor monitoring.

e Containment and reuse/disposal data were relatively accessible, whereas
transportation data remained the most difficult to obtain, reinforcing a key challenge
in achieving a complete SFD representation.

Objective 5 is to develop a framework to make the available data complete and compatible

with the SFD requirements. The key findings are as follow:
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The development of a comprehensive framework to enhance municipal sanitation data marks
a significant advancement toward SFD compatibility and improved service delivery
monitoring. This evidence-based approach directly addresses the critical gaps identified in
current reporting practices across Gauteng municipalities.

The framework is built upon five core principles: data availability, completeness, compliance,
active monitoring, and standardisation. By mandating the systematic collection of SFD-critical
parameters, expanding beyond superficial metrics to capture granular operational details,
standardising terminology, implementing real-time tracking mechanisms, and unifying
disparate reporting systems, the framework creates a foundation for meaningful sanitation
governance.

Application of this framework to Ekurhuleni Metropolitan Municipality demonstrated its
practical utility in addressing specific municipal challenges. The targeted approach identified
priority areas requiring immediate attention—including descriptive environmental data,
containment systems, and emptying and transportation processes—while establishing clear
pathways for progressive improvement. The implementation strategy leverages existing
municipal structures while introducing enhanced protocols for data collection, integration,
and monitoring.

The framework's integration with established performance monitoring mechanisms,
particularly the Green Drop certification program, creates powerful accountability measures
that strengthen data quality and reporting consistency. This alignment between data
frameworks and performance evaluation systems ensures that improvements in reporting
translate directly to enhanced service delivery.

Preliminary assessment indicates that with this framework in place, municipalities like
Ekurhuleni are well-positioned to develop accurate, comprehensive SFDs that reflect current
sanitation realities. This represents a critical step toward evidence-based decision-making,
equitable resource allocation, and ultimately, improved sanitation outcomes for all
communities—particularly those in historically underserved areas where data gaps have been

most pronounced.
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7.2 Limitations

The most significant limitation of this study is the extremely small sample size of only two
participants, which affects several aspects of the study. This limitation affected the study's
generalisability, as the findings cannot be extrapolated to a broader population of
professionals involved in the SFD development. The limited sample size also restricted the
depth of statistical analysis, allowing for only basic descriptive insights rather than robust
inferential conclusions. The reliance on such a small number of participants also increased the
potential for bias, as their responses may not capture the full diversity of experiences and
perspectives within the field. A study by Hennink et al. (2022) suggests that thematic
saturation can often be achieved with the minimum of 9-17 interviews, indicating that a

sample size within this range is typically sufficient for qualitative studies.

7.3 Future research

The future research should focus on the following areas to advance the understanding and
implementation of data compliance, monitoring, and completeness in alignment with SFD
requirements:

1. Expand the research to include multiple municipalities within a region, allowing for
comparisons and identifying common challenges and best practices in sanitation data
collection and management.

2. Explore the development and implementation of standardised reporting templates
and terminology to address inconsistencies across municipal data sources and improve
alignment with SFD requirements.

3. Examine the feasibility and impact of incorporating real-time data collection and
monitoring tools to enhance the accuracy, timeliness, and reliability of sanitation data.

4. Conduct targeted research on addressing specific gaps identified in containment,
emptying and transportation, and wastewater treatment, focusing on the challenges
of data collection and monitoring in these areas.

5. Investigate the role of municipal policies, interdepartmental coordination, and
governance structures in influencing data quality, monitoring practices, and

compliance with SFD requirements.
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6. Explore the role of community participation in improving the accuracy and
completeness of sanitation data, particularly in informal settlements and underserved

areas.
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9 APPENDICES

9.1 Data collected from publicly available sources

9.1.1 City of Johannesburg Metropolitan Municipality

Table 16: Data availability, completeness, and compliance for the CoJMM collected from the IDP and annual report

Intergrated Development Plan
Annual Report (AR)

Section L= The data checks Ad! (1DP) A
DESCRIPTIVE DATA Area of city 3 3
Population
Population growth rate
Topography
Climate

Ground Water level
Vulnerability of the aquifer: rock type
Source of water supply

Water supply per capita
water supply coverage
No. of slums settlement

No. of HH with municipal boundary
SANITATION SYSTEMS USED No. of HH and population with latrine facility

No. of HH and population connected to sewerage

No. of HH and population connected to Septic tank

No. of HH and population dependent on ity or public toilet
Total no. of community and public toilet
No. of HHs and population practicing open defecation
CONTAINMENT Sewage system used (centralized or decentralized)
Once off connection charges
Monthly charges
Functional status of the sewage network
Feacal sludge contained
Feacal sludge not contained
No. of HHs and population connected to septic tank whose effluent
No. of HH and population connected to septic tank whose effluent di
No. of HH and population connected to pit
No. of HHs and population with no containment
Type of septic tank prevalent in the city
Septic tank design over time
Containment state
PTYING AND TRANSPORTATI WW transported
WW not transported
sewer lines Leakage- State
Desludging services given by government or private
The emptying cycle
Specify no. of trucks for each
The manner how it is emptied
Onsite emptying capacity
Truck trips per day
Trucks emptying capacity
The percentage safely closed when full and relocated
The Percentage of FS legally dumped
The Percentage of FS illegally dumped
TREATMENT waste water generated per day in MLD
Capacity of Sewage treatment plant
Treatment capacity utilized
Sewage not treated
Sewage treated
FS safely closed when full and relocated facility
Treatment efficiency
FS treated
FS not treated
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9.1.2 City of Tshwa

ne Metropolitan Municipality

Table 17: Data availability, completeness, and compliance for the CoTMM collected from the IDP and annual report

Section 4|
DESCRIPTIVE DATA

SANITATION SYSTEMS USED

CONTAINMENT

PTYING AND TRANSPORTATI

TREATMENT

The data checks E IDP  |~| Annual repor - |

Area of city

Population

Population growth rate

Topography

Climate

Ground Water level

Vulnerability of the aquifer: rock type
Source of water supply

Water supply per capita
water supply coverage
No. of slums settlement

No. of HH with municipal boundary

No. of HH and population with latrine facility

No. of HH and population connected to sewerage

No. of HH and population connected to Septic tank

No. of HH and population dependent on community or public toilet
Total no. of community and public toilet

No. of HHs and population practicing open defecation
Sewage system used (centralized or decentralized)
Once off connection charges

Monthly charges

Functional status of the sewage network

Feacal sludge contained

Feacal sludge not contained

No. of HHs and population connected to septic tank whose effluent
No. of HH and population connected to septic tank whose effluent di
No. of HH and population connected to pit

No. of HHs and population with no containment

Type of septic tank prevalent in the city

Septic tank design over time

Containment state

WW transported

WW not transported

sewer lines Leakage- State

Desludging services given by government or private
The emptying cycle

Specify no. of trucks for each

The manner how it is emptied

Onsite emptying capacity

Truck trips per day

Trucks emptying capacity

The percentage safely closed when full and relocated
The Percentage of FS legally dumped

The Percentage of FS illegally dumped

waste water generated per day in MLD

Capacity of Sewage treatment plant

Treatment capacity utilized

Sewage not treated

Sewage treated

FS safely closed when full and relocated facility
Treatment efficiency

FS treated

FS not treated

137



9.1.3 City of Ekurhuleni Metropolitan Municipality

Table 18: Data availability, completeness, and compliance for the CoEMM collected from the IDP and annual report

Section The data checks IDP Annual report
Area of city 3 3
Population
Population growth rate
Topography
Climate

Ground Water level
DESCRIPTIVE DATA Vulnerability of the aquifer: rock type
Source of water supply

Water supply per capita
water supply coverage
No. of slums settlement

No. of HH with municipal boundary
No. of HH and population with latrine facility
No. of HH and population connected to sewerage

SANITATION SYSTEMS

USED No. of HH and population connected to Septic tank

No. of HH and population dependent on community or public toilet
Total no. of community and public toilet
No. of HHs and population practicing open defecation
Sewage system used (centralized or decentralized)
Once off connection charges
Monthly charges
Functional status of the sewage network
Feacal sludge contained
Feacal sludge not contained
CONTAINMENT No. of HHs and population connected to septic tank whose effluent
No. of HH and population connected to septic tank whose effluent di
No. of HH and population connected to pit
No. of HHs and population with no containment
Type of septic tank prevalent in the city
Septic tank design over time
Containment state
WW transported
WW not transported
sewer lines Leakage- State
Desludging services given by government or private
The emptying cycle
Specify no. of trucks for each
The manner how it is emptied
Onsite emptying capacity
Truck trips per day
Trucks emptying capacity
The percentage safely closed when full and relocated
The Percentage of FS legally dumped
The Percentage of FS illegally dumped
waste water generated per day in MLD
Capacity of Sewage treatment plant
Treatment capacity utilized
Sewage not treated
TREATMENT Sewage treated
FS safely closed when full and relocated facility
Treatment efficiency
FS treated
FS not treated

EMPTYING AND
TRANSPORTATION

138



9.1.4 West Rand District Municipality

Table 19: Data availability, completeness, and compliance for the West Rand District Municipality and its three local

municipalities, as collected from the IDP and annual report.

Section

DESCRIPTIVE
DATA

SANITATION
SYSTEMS USED

CONTAINMENT

EMPTYING AND

N

TREATMENT

The data checks
Area of city
Population
Population growth rate
Topography
Climate
Ground Water level

Vulnerability of the aquifer: rock type
Source of water supply

Water supply per capita
water supply coverage
No. of slums settlement

No. of HH with municipal boundary

No. of HH and population with latrine facility

No. of HH and population connected to sewerage

No. of HH and population connected to Septic tank

No. of HH and population dependent on community or public toilet
Total no. of community and publictoilet

No. of HHs and population practicing open defecation
Sewage syst d (centralized or d li
Once off connection charges

Monthly charges

Functional status of the sewage network
Feacal sludge contained

Feacal sludge not contained

No. of HHs and population connected to septic tank whose effluent discharge to drain
No. of HH and population connected to septic tank whose effluent discharge to soakpit

No. of HH and population connected to pit

No. of HHs and population with no containment
Type of septictank prevalent in the city

Septic tank design over time

Containment state

WW transported

WW not transported
sewer lines Leakage- State

ervices given by g orprivate
The emptying cycle
Specify no. of trucks for each

TRANSPORTATIO The manner how it is emptied

Onsite emptying capacity

Truck trips per day

Trucks emptying capacity

The percentage safely closed when full and relocated
The Percentage of FS legally dumped

The Percentage of FS illegally dumped

waste water generated per day in MLD
Capacity of Sewage treatment plant

Treatment capacity utilized

Sewage not treated

Sewage treated

FS safely closed when full and relocated facility
Treatment efficiency

FS treated
FS not treated

Rand West local

IDP Annual report

Mogale local

IDP

Availability ~ Availability ~ Availability

Criteria Criteria

Criteria

Annual report
(Replicaof
Morafong)

Availability ~ Availability ~ Availability ~ Availability

(riteria

Morafong local

IDP

Criteria

Annual report

Criteria

West Rand Distrct

IDP

(riteria

Annual report

Availability
Criteria
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9.1.5 Sedibeng District Municipality

Table 20: Data availability, completeness, and compliance for the Sedibeng District Municipality and its three local

municipalities, as collected from the IDP and annual report.

Section The data checks
Area of city
Population
Population growth rate
Topography
Climate
Ground Water level

DESCRIPTIVE DATA Vulnerability of the aquifer: rock type
Source of water supply

Water supply per capita
water supply coverage
No. of slums settlement

No. of HH with municipal boundary

No. of HH and population with latrine facility

No. of HH and population connected to sewerage

SANTATION SYSTEMS USED No. of HH and population connected to Septic tank

No. of HH and population dependent on community or public toilet

Total no. of community and public toilet

No. of HHs and population practicing open defecation

Sewage system used (centralized or decentralized)

Once off connection charges

Monthly charges

Functional status of the sewage network

Feacal sludge contained

Feacal sludge not contained

CONTAINMENT No. of HHs and population connected to septic tank whose effluent discharge t

No. of HH and population connected to septic tank whose effluent discharge tol
No. of HH and population connected to pit
No. of HHs and population with no containment
Type of septic tank prevalent in the city
Septic tank design over time
Containment state
WW transported
WW not transported
sewer lines Leakage- State
Desludging services given by government or private
The emptying cycle
Specify no. of trucks for each

EMPTYING AND TRANSPORTATIOI The manner how it is emptied
Onsite emptying capacity
Truck trips per day
Trucks emptying capacity
The percentage safely closed when full and relocated
The Percentage of FS legally dumped
The Percentage of FS illegally dumped
waste water generated per day in MLD
Capacity of Sewage treatment plant
Treatment capacity utilized
Sewage not treated

TREATMENT Sewage treated

FS safely closed when full and relocated facility
Treatment efficiency

FS treated
FS not treated

Midvaal local Lesedi local Emfuleni local Sedibeng Distrct
IDP Annual report  IDP Annualreport 1P Annualreport  IDP  Annual report]

Availability ~ Availability ~ Availability ~ Availability ~ Availability ~ Availability ~ Availability Availability
Criteria Criteria Criteria Criteria Criteria Criteria Criteria ~~ Criteria




Table 21: Data availability, and compliance, and completeness for all municipalities in Gauteng, as collected from the Green

Drop Report.
Sedibeng District West Rand District
MOGALE CITY RAND WEST CITY
City of Cityof Cityof EMFULENILOCAL MIDVAALLOCAL LOCAL LOCAL
The data checks |~ |Ekurhuleni |~ !Joburg| * | Tshwar * MUNICIPALITY |~/ MUNICIPALITY |~ MUNICIPALITY|~ MUNICIPALITY |~ |
Area of city
Population
Population growth rate
Topography
Climate

Ground Water level

Vulnerability of the aquifer: rock type

Source of water supply

Water supply per capita

water supply coverage

No. of slums settlement

No. of HH with municipal boundary

No. of HH and population with latrine facility

No. of HH and lati dto g

No. of HH and population connected to Septic tank

No. of HH and population d denton ity or publi
Total no. of community and public toilet
No. of HHs and lati icing open
Sewage system used (centralized or decentralized)

Once off connection charges

Monthly charges

Functional status of the sewage network

Feacal sludge contained

Feacal sludge not contained

No. of HHs and population connected to septic tank whose e
No. of HH and population connected to septic tank whose eff|
No. of HH and population connected to pit

No. of HHs and lation with no

Type of septic tank prevalent in the city

Septic tank design over time

Containment state

WW transported

WW not transported

sewer lines Leakage- State

Desludging services given by government or private

The emptying cycle

Specify no. of trucks for each

The manner how it is emptied

Onsite emptying capacity

Truck trips per day

Trucks emptying capacity

The percentage safely closed when full and relocated

The Percentage of FS legally dumped

The Per of FSillegally d d

waste water generated per day in MLD

Capacity of Sewage treatment plant

Treatment capacity utilized

Sewage not treated

Sewage treated

FS safely closed when full and relocated facility

Treatment efficiency

FS treated

FS not treated

o

o

o0

defi

Colour Compliance Monitored Complete Figure

100% Complete

4

v 75% Complete
v 50% Complete
X

X

v

Yellow

Lightbrown

25% Complete
0% Complete

== ||

Figure 53: Legend of the data explaining the level of data availability, completeness, and compliancy
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9.1.6 Timeline and source of data

Table 22: Sources of data for the IDPs and annual reports of various municipalities in Gauteng.

MUNICIPALITY - Data

Rand West local Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Descriptive data

Sanitation systems used
Emptying and Transportation
Treatment

West Rand Distrci Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Sedibeng Distrct Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Descriptive data

Sanitation systems used
Containments

Emptying and Transportation
Treatment

Mogale local

Morafong local

Midvaal local

Lesedi local

Emfuleni local

Joburg

Tshwane

Ekurhuleni

- Source of data (IDP) | Timeline of data(IDP)~
Statssa 2021
Statssa 2021
Statssa 2021
Statssa 2021
Statssa 2016
Statssa, IHS Markit 2018,2017
IHS Markit 2017
GIS 2022
Statssa 2016
Statssa

Municipal Demarcation Board, IHS Marki 2023
Statssa 2016
Statssa 2019

IHS Markit
Statssa 2022
Statssa 2022
Statssa 2011
Statssa 2020

Source of data (AR) ~
Statssa
Statssa

Statssa

Statssa
Statssa

Quantek
Lesedi Municipality
IHS Markit
Statssa, IHS Markit

Statssa
Statssa

Regional Explorer

Timeline of data (AR)|~

2021
2021

2020, 2021
2020
2020
2020
2020
2022
2022
2022

2020
2021
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9.2 Data collected from Questionnaires

Table 23: Questionnaires feedback

Category

Participant 1

Participant 2

Level of Involvement

75% (High)

100% (Very high)

Efficiency of Data Collection

75% (Somewhat Efficient)

50% (Neutral)

Difficulties in Accessing Data

50% (Neutral)

75% (Easy)

Descriptive Data

Method Desktop data collection and municipal | Desktop data collection and municipal
reports reports

Difficulty 50% (Neutral) 50% (Neutral)

Availability 75% (75% readily available) 50% (50% readily available)

Monitoring 50% (Moderately Monitored) 50% (Moderately Monitored)

Compliance 50% (Moderately compliant) 50% (Moderately compliant)

Sanitation systems used

Method

Desktop research

Desktop research

Difficulty 75% (Easy) 50% (Neutral)

Availability 50% (50% readily available) 50% (50% readily available)
Monitoring 25% (Slightly Monitored) 50% (Moderately Monitored)
Compliance 25% (Slightly compliant) 50% (Moderately compliant)

Containments

Method Desktop data collection and one-on-one | Interviews with municipal members
interactions to confirm data accuracy

Difficulty 75% (Easy) 75% (Easy)

Availability 50% (50% readily available) 50% (50% readily available)

Monitoring 25% (Slightly Monitored) 50% (Moderately Monitored)

Compliance 25% (Slightly compliant) 50% (Moderately compliant)

Emptying & Transportation

Method

One-on-one interactions  with the

Municipality and truck drivers

Interviews with septic tank emptiers and
union leaders

Difficulty 25% (Difficult) 25% (Difficult)

Availability 50% (50% readily available) 75% (75% readily available)

Monitoring 25% (Slightly Monitored) 75% (Very Well Monitored)

Compliance 25% (Slightly compliant) 50% (Moderately compliant)

Treatment

Method Same as emptying and transportation | Interviews with municipal department
method

Difficulty 100% (Very Easy) 75% (Easy)

Availability 100% (100% readily available) 75% (75% readily available)

Monitoring 75% (Very Well Monitored) 75% (Very Well Monitored)

Compliance 75% (Very Well compliant) 50% (Moderately compliant)

Reuse/Disposal

Method Same as treatment Interviews with municipal department
Difficulty 75% (Easy) 75% (Easy)

Availability 50% (50% readily available) 50% (50% readily available)
Monitoring 25% (Slightly Monitored) 50% (Moderately Monitored)
Compliance 25% (Slightly compliant) 50% (Moderately compliant)
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9.3 Conference presentation and Publications

9.3.1 Accepted abstract letter for the WISA2024 biennial conference

g Biennial Conference
N i and Exhibition
12 - 14 JUNE 2024, DURBAN

Water Institute of BRI
Southern Africa

Dear Ms Joyce Maseabata Nama

Congratulations! We are delighted to inform you that the Technical Committee for WISA 2024
has reviewed your abstract, and it has been accepted for inclusion in the WISA 2024 Biennial
Conference & Exhibition.

Abstract

Assessing Sanitation Data Availability and Documentation in
Gauteng in relation with Shit Flow Diagram Requirements

178

Oral Submission: Accepted without corrections - The
submission meets the criteria outlined above and does not
require any edits or revisions

To view your accepted abstract and the comments pertaining to your outcome please
click here.

As you are aware, the dates of the WISA 2024 Conference had been changed to accommodate
the National Elections, and will now take place from 12 - 14 June 2024. Details regarding the
Session or Poster you have been allocated to present your abstract will be forwarded to you
once the Committee has finalised the Conference Programme.

If accepted as a Poster Presentation: Abstracts presented at Poster sessions have to be
attended in person as there are no facilities for virtual presentations of posters.

If accepted as Oral Presentation: Facilities to present abstracts virtually can be accommodated
upon request.

Kindly confirm your details and availability to present your abstract at the Conference by no
later than 18 April 2024 by clicking here

All information regarding oral or poster presenter guidelines, instructions and allocated
presenting time will be made available on the conference website mid April 2024.

We look forward to seeing you at the Conference and hearing your presentation.
Yours in professional conferencing,

Chantell Joyce
Abstract Manager
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9.3.2 The Oral Presentation Abstract for WISA conference 2024

ASSESSING SANITATION DATA AVAILABILITY AND DOCUMENTATION IN GAUTENG IN
RELATION WITH SHIT FLOW DIAGRAM REQUIREMENTS

Ms Joyce Maseabata Nama?, Mrs Xanthe Roux?, Professor Adesola llemobade?

lUniversity of the Witwatersrand, Johannesburg, South Africa,

2Arumloo, Johannesburg, South Africa,

This abstract addresses the critical relationship between data reporting for water and
sanitation authorities (WSAs) and the utilisation of the Shit Flow Diagram (SFD) tool in
Gauteng, South Africa, particularly in light of a cholera outbreak in 2023. The SFD, developed
by the World Bank, is seen as vital for policy advocacy and sanitation planning, yet data
reliability and monitoring are essential for its effective implementation. The study employs a
comprehensive methodology, including literature reviews, municipality record examination,
and surveys, to assess the availability and accessibility of sanitation data in Gauteng.
Significant gaps are identified in data capture, uniformity, and terminology consistency,
hindering alignment with SFD guidelines. WSAs exhibit substantial data gaps in containment,
emptying, transportation, and treatment, highlighting the need for improved monitoring and
reporting mechanisms. Despite challenges, the SFD provides a starting point for identifying
sanitation system issues, facilitating progress toward achieving universal access to sanitation
by 2030. This study underscores the importance of addressing data inconsistencies and gaps

to enhance sanitation planning and decision-making in Gauteng’s municipalities.
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9.3.3 Paper in the SAICE Magazine paper

WATER ENGINEERING

Paving the way for reliable
sanitation solutions
in Gauteng municipalities

Shit Flow Diagrams (SFD) are an important tool in addressing the sanitation

Maseabata Joyce Nama

Mse Candidate

School of Civil and EnvironmentalEngineering
University of the Witwatersrand
UTsM3@students wits.ac.za

Nanthe Roux

Sanitation Specialist and (00
Anumloo
xanthe@arumloo.com

n low- and middle-income countries,
I over a million lives are lost annually
due to inadequate water, sanitation,
and hygiene practices. In 2023 Gauteng
witnessed 15 casualties in the wake of
a cholera outbreak, emphasising the
immediate consequences of inadequate
sanitation facilities.

According to the 2023 Green Drop
report, South Africa’s wastewater
treatment infrastructure is in critical
condition. To address these challenges
and enhance sanitation service delivery,
innovative tools such as the SFD are es-
sential. However, reliable and monitored
data must be prioritised to implement
effective sanitation selutions,

€Thekwini Metropolitan Municipality
achieved a significant milestone in 2016
when it became the first municipality to
develop an SFD through a collaboration
between the University of KwaZulu-
Natal's Water Sanitation & Hygiene
Research & Development Centre and
¢Thekwini Water and Sanitation.

The SFD is a snapshot of the
current general sanitation
conditions throughout a
municipality, including on-site
and off-site sanitation facilities.

crisis; but do we have sufficient monitored sanitation data to develop a

reliable SFD? A recent study set out to determine whether this is the case in

Gauteng municipalities, highlighting where the challenges lie.

This initiative was part of the SFD
promotion drive later adopted by the Water
Research Commission (WRC) for nation-
wide implementation. Since then, Emanti
Management has played a key role, having
developed eight SFDs across South Africa.
The most recent SFI, created in 2018 for
Ulundi Local Municipality in Zululand
District Municipality, KwaZulu-Natal,
reflects the continued commitment to this
approach. The provinees of KwaZulu-Natal
and the Eastern Cape are currently the
only regions in South Africa where SFDs
have been successfully implemented.

UNDERSTANDING THE SHIT
FLOW DIAGRAM
The SFD is a snapshot of the current
general sanitation conditions throughout
a municipality, including on-site and
off-site sanitation facilities. Tracing the
transit of faeces across the sanitation
chain, which includes containment,
emptying, transport, treatment, and reuse
and/or disposal, it depicts the proportion
of a city’s excreta that is treated safely and
the locations where faecal contamination
oceurs. In doing so, it reveals components
of the urban sanitation system that
have been hidden because it is a system
that is largely buried, unmonitored and
unmetered. This hidden aspect of sanita-
tion results in issues with management
and maintenance (such as leaks or inap-
propriate containment of unsafe material)
going unnoticed and unaddressed,

The illustration and layout of the
SFD» diagram are simple enough for

non-sanitation specialists to interpret.
This is essential for establishing a shared
understanding and a commeon vocabulary
to discuss a city's sanitation challenges,
such as where the primary difficulties

lie and what it would take to achieve an
inclusive, integrated, citywide sanitation
systermn. The SuSanA websile, a global
repository of SFDs, currently holds
reports for over 150 cities in Africa, Asia,
and South America that have developed
SFDs since 2014, assisting in the improve-
ment of the planning framework for urban
sanitation services for 150 million people.

STUDY DETAILS

Research was conducted utilising the SFD

tool data requirements checklist to assess

the availability of sanitation data for
developing SFDs in Gauteng municipali-
ties. The data collected spanned the entire
sanitation service chain (from toilet inter-
face (containment) through to collection,
transportation, treatment and disposal/
reuse), encompassing;

B Descriptive data, including the city’s
area, population, growth rate, topog-
raphy, climate, groundwater level, and
water supply details.

B The sanitation system used, including
data on facility systems, sewerage,
septic tanks, and community or public
toilets.

B Containment, namely the data on
containment conditions, types of con-
tainment, and containment designs.

B Emptying and transportation,
including data on the transport of
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Figure 1 Data availability percentile per metro using IDPs and annual reports

wastewater, leakages, desludging
services, and the handling of faecal
sludge.

B Treatment, including wastewater
generation, sewage treatment plant
capacity, efficiency, and the treatment
of faecal sludge.

DATA AVAILABILITY
Figure 1 indicates the absence of data
in Gauteng municipalities’ Integrated

Development Plans (IDPs) pertaining to
the aspects of emptying, transportation,
and treatment of wastewater. Notably,
the data reveals that less than 10% of
the reports address sanitation facilities’
containment, and this data remains
largely unmonitored. This observation
suggests a notable lack of emphasis on
these critical aspects within Gauteng's
three metropolitan municipalities
(Johannesburg, Ekurhuleni and Tshwane).

On the other hand, the annual reports for
these municipalities exhibit a reasonably
good dedication to monitoring data on the
sanitation systems in use.

The Green Drop Report consistently
presents data across municipalities, high-
lighting a uniformity in reported data.
Figure 2 emphasises the report’s primary
focus on wastewater treatment, and how
it falls short of providing a comprehensive
view of treatment plant efficiency, which

Data available (%)
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Figure 3 Data availability in Gauteng local municipalities using IDPs and annual reports (AR)

is crucial for understanding the entirety of
wastewater management. The report lacks
a detailed depiction of the wastewater
transportation process, including the
proportion left untreated and discharged
into the environment.

Figure 3 shows a significant discrep-
ancy in the accessibility of municipal
reports to the public. Some municipalities
have not made their reports public, and
others lack accessible documentation plat-
forms, such as websites or online libraries,
limiting public access. This is exemplified
by Mogale Local Municipality publishing
a replica of Merafong Local Municipality’s
annual report. Lesedi Local Municipality
has not published its IDP, calling into
question the reliability and integrity of the
available data.

CONCERNS IN DATA DOCUMENTATION
IN RELATION TO SFD REQUIREMENTS
The gaps identified from the documenta-
tion in relation to SFD requirements high-
lights a significant challenge regarding
terminology consistency and clarity
within the reports. Noteworthy discrep-
ancies in naming conventions, such as the
interchangeable use of terms like “slum
settlements” and “informal settlements,”
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as well as variations like “household” and
“units,” create difficulties in aligning the
data with SFD guidelines. The use of un-
clear terms like “none sanitation facility”
adds complexity to interpretation, lacking
specificity about the type of sanitation
practices involved and the classification of
“other” toilets, with reports omitting clear
definitions, hinders precise categorisation.
The water service authorities (WSAs)
exhibit significant data gaps, particularly
in containment, emptying, transportation,
and treatment, as depicted in Figures 1, 2
and 3. The existing sanitation facilities lack
monitoring in terms of containment de-
signs and existing conditions. There is no
data on the emptying and transportation of
faecal sludge and little monitoring of sewer
lines. This may be because there is no
clear indication of how private entities are
supported and monitored to ensure safe
transportation and disposal of sludge. The

The water service authorities
(WSAs) exhibit significant
data gaps, particularly in
containment, emptying,
transportation, and treatment

IDP and annual reports provide minimal
data on treatment plant conditions, and
the Green Drop Report concentrates solely
on treatment plants, neglecting the crucial
aspect of how wastewater is transported.

CONCLUSION

While the WRC moves forward working
with WSAs across South Africa to roll
out and ensure continual use of SFDs as

a tool to help achieve universal access to
sanitation by 2030 (SDG 6), this study
shows that many of the SFDs will have to
base their figures on internal knowledge
and rough calculations. This is not to

say that it would not be possible for the
development of SFDs across all WSAs, but
this study provides an indication of the
challenge that the municipalities will face
in compiling these reports.

One of the key benefits of the SFD
tool is that is allows for a starting point
in finding where the issues lie in the
sanitation service chain, no matter how
rough the initial data is. In this same way,
this study is an identification of the areas
that Gauteng municipalities need to start
addressing as they move towards having
a clear picture of the sanitation systems
that they are mandated to manage, 0
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9.4 The questionnaire documentations

9.4.1 Ethical certificate

UNIVERSITY OF THE
WITWATERSRAND.
JOHANNESBURG

Research Office

HUMAN RESEARCH ETHICS COMMITTEE (NON-MEDICAL
R14/49 Nama

CLEARANCE CERTIFICATE PROTOCOL NUMBER: H23/04/24

PROJECT TITLE The compatibility, reliability, and availability of sanitation data
in Gauteng in relation to Excreta (Shit) Flow Diagram
requirements

INVESTIGATOR(S) Miss J Nama

SCHOOL/DEPARTMENT School of Civil and Environmental Engineering/
DATE CONSIDERED 21 April 2023

DECISION OF THE COMMITTEE Approved

Risk Level: Minimal

EXPIRY DATE 05 June 2026

DATE 06 June 2023 CHAIRPERSON

(Professor J Watermeyer)

cc: Supervisor : Professor X Roux

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and A SIGNED COPY returned to the Secretary electronically. Unreported changes to the
application may invalidate the clearance given by the HREC (Non-Medical)

I/We fully understand the conditions under which | am/we are authorized to carry out the abovementioned research and
|/we guarantee to ensure compliance with these conditions. Should any departure be contemplated from the research
procedure as approved l/we undertake to submit an amendment of the protocol to the Committee. l/'we agree to
completion of a regular progress report. For Minimal and Low Risk studies, this is due annually on 31 December.
For Medium and High Risk studies, this is due twice annually on 30 June and 31 December.

j/Noma 07 ; 06 ;2023

Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER ON ALL ENQUIRIES
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9.4.2 Participation Information Sheet

UNIVERSITY OF THE SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING

WITWATERSRAND. Private Bag 3, Wis 2050, South AYica | Tel: +27 11717 7104 | Fax: <27 11 717 7048
JOHANNESBURG
Excel. Together.

Title of research: The availability, compatibility and reliability of sanitation data in Gauteng’s
municipalities in relation to Excreta (Shit) Flow Diagram requirements.

Dear SirMadam

My name is Joyce Maseabata Nama and I am a Masters student at the University of the Witwatersrand,
Johannesburg, in the school of Civil and Environmental Engineering, under the supervision of Mrs. Xanthe
Roux and Prof. Adeshola Ilemobade. I am conducting research on Excreta (Shit) Flow Diagram. The study
title 1s the compatibility, reliability. and availability of sanitation data in Gauteng in relation to Excreta
(Shit) Flow Diagram requirements.

I'would like to invite you to participate in a research survey that will last about 5 to 10 minutes online, at
a time that works best for you. Your selection as a participant is based on your extensive knowledge,
research, and practical expenence in the Shit Flow Diagram tool. If you choose to participate, the survey
with kept in a password-secured cloud file. Only I, as the researcher, will have access to the data.

During the survey, I will ask for some personal information, including your name. However, the interview
will be confidential, and your personal information will not be included in the research study's results or
passed on to other researchers.

Participation in this research study is voluntary, and you can withdraw at any time. You do not have to
answer any questions if you do not want to. There are no direct benefits or costs to participating in the
study. The research study will be wntten up as a research report and made available on the university
library website. If you would like to receive a summary of this report, I will be happy to send it to you.

If you have any questions during or after the interview or any concems or complaints about the ethical
procedures of this research study, please do not hesitate to contact me or my supervisor, Mrs. Xanthe Roux,
using the contact information provided below. If you have concems about the ethical procedures of this
research study, you can also contact the University Human Research Ethics Committee (Non-Medical),
telephone +27(0) 11 717 1408, email at hrecnon-medical@wits.ac.za.

Thank you for your time and consideration.

Sincerely,
Joyce Maseabata Nama

Researcher:
Joyce Maseabata Nama, 1475243@students.wits.ac.za, +27 (0)734262755

Supervisor:
Mrs. Xanthe Roux, Xanthe Roux@wits.ac.za, +27 (0)11 717 7112
Prof. Adeshola llemobade, Adesola.llemobade@wits.ac.za, +27 (0)117177153
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9.4.3 Consent Form

UNIVERSITY OF THE SCHOOL OF CIVIL AND ENVIRONMENTAL ENGINEERING

WITWATERSRAND. Private Bag 3, Wiz 2050, South ATrica | Tel: +27 11717 7104 | Fax: «27 11 717 7045
JOHANNESBURG
Excel. Together.

Title of project: The availability, compatibility and rehiability of sanitation data in Gauteng’s municipalities in
relation to Excreta (Shit) Flow Diagram requirements.

Name of researcher: Joyce Maseabata Nama

As part of the research project, we have ammanged a questionnaire for you, which 15 expected to take 5 to 10 minutes
of your time. We want to assure you that your participation cames no anticipated nisks, and you have the nght to
stop with the survey or withdraw from the research at any pomt if you choose to do so.
s S S S R R SR agree to participate in this research project.

I agree to the followmg:

(Please circle the relevant options below)

The research study was explained to me. I understand what this study 1s YES NO
about.

I understand that I can volunteer to take part in the study. YES NO
I agree that direct quotations from my questionnaire may be used by the YES NO
researcher in their research report.

I agree that other researchers may use the information I provide m my YES NO

questionnaire (depending on their own ethics clearance bemng obtained)
but my name and any personal information will not be used or passed

on.
.......................................... (signature)
.......................................... (name of participant)
.......................................... (date)
............. MO ... (signature)
_Maseabata Joyce Nama (name of researcher/person seeking consent)
ATth April2024 (date)
CONSENT FORM JM NAMA
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9.4.4 Administered questionnaire

Assessing Sanitation Data: Previously
developed SFDs in South Africa

Completing this survey, which has five sections, will take approximately 5 to 10 minutes, and your participation would be
greatly appreciated. This research aims to investigate the relationship between data reporting for water and sanitation
authorities (WSAs) and alignment with the Shit Flow Diagram (SFD), a tool developed by the World Bank and other
organizations to aid in policy advocacy and sanitation planning. The survey includes questions related to data
monitoring: (1) containments, (2) emptying. (3) transportation, and (4) treatment. It provides an opportunity to
understand the data opportunities or challenges encountered during the previously developed SFDs.

The primary goal of this questionnaire is to understand the opportunities and challenges in data collection, specifically
focusing on comparison with those faced during the research for the Gauteng municipalities. It aims to uncover whether
the issues related to data availability and documentation faced in the past persist as current challenges in sanitation
data.

General Information

1. Full name

2. Occupation

3.
Have you been involved in the development of Shit Flow Diagrams (SFDs) in South Africa,
either in the past or currently?

O Yes
O No

4. In which province and municipality did you develop the SFD?

5. What year was the SFD you were involved in developed?
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6. Rate your level of involvement in the SFD development
O Verylow
O tow
(O Moderate
O High

(O Veryhigh

7. Rate the general efficiency of the data collection process for SFD development in South
Africa

O Somewhat Inefficient
O Neutral
(O Somewhat Efficient

(O Efficient

8. Rate the general difficulties faced in accessing the data for SFD development
(O Extremely Difficult
O Dpifficutt
O Neutral
O Easy

O VeryEasy

9. Is there anything you would like to add?
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Descriptive data

Reder 20 data that provicde a detaled description of the stucy ared, INJucing variows 93C2ors Such 35 topography, types of set
tements, dimate, and soll condtions.

10. Specify the primary method employed for data collection and provide the rationale behind its
selection.

11. Rate the difficulties faced in accessing the descriptive data for SFD development
(O Extremely Diffcult
O oifficute
O Neural
O ey

O verytasy

12 Rate the data availability of descriptive data
O 100% reacily avalisbie
O 75% readly awallatie
O 0% readly awallabie
O 25% readiy svalladie
O

0% readly available

13. Indicate the extent to which areas of data available were monitored during data collection

(O NotManitored st Al
O sighaly Monitered

O Moderately Monitored
(O Very Wet Monitored
O

Fully Monitored
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14. Indicate the extent to which areas of data available were in compliance with SFD tool

requirements.

O

O

O O O

Not complant

Sightly compliant

Moderately compliant

Very Wel compliant

Fully compliant

15. Is there anything you would like to add?
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Sanitation systems used

16. Specify the primary method employed for data collection and provide the rationale behind its
selection.

17. Rate the difficulties faced in accessing the sanitation systems data for SFD development
(O Exremely Diffcult
O officute
O Newral
O oy

O verytasy

18. Rate the data availability of sanitation systems
O 100% reacily avalisbie

75% readly avallatie

50% readly avallabie

25% readly awallabie

O O O O

0% readly yvaladie

19. Indicate the extent to which areas of data available were monitored during data collection

(O Not Maritored at Al
O sightly Moniored

(O Moderately Monitored
(O Very Wel Monitored
O

Fully Monitored
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20. Indicate the extent to which areas of data available were in compliance with SFD tool

requirements.

O

O

o O O

Not complant

Sightly complant

Moderately compliant

Very Wel complant

Fully compliant

21. Is there anything you would like to add?
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Containment

22 Specify the primary method employed for data collection and provide the rationale behind its
selection.

23. Rate the difficulties faced in accessing the contaiment data for SFD development
(O Extremely Ditficult
O oiicute
O Newral
O ey

o Very tasy

24 Rate the data availability of sanitation facility containments
O 100% reacily avaliable
(O 75% readly avallatie
O 0% readly awallatie
O 25% readly avallable
O

0% readly svallable

25. Indicate the extent to which areas of data available were monitored during data collection
(O Not Manitored at Al
O sighty Monitered
(O WModerately Monitored
(O Very Wel Monitored
O

Fully Moritored
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26. Indicate the extent to which areas of data available were in compliance with SFD tool

requirements.

O

O

O O O

27. Is there anything you would like to add?

Not complant

Sightly compliant

Maoderately compliant

Very Wel compliant

Fully compilant

159



Emptying and Transportation

28. Specify the primary method employed for data collection and provide the rationale behind its
selection.

29. Rate the difficulties faced in accessing the emptying and transportation data for SFD
development

O  extremely Dificult
O oicute

O Newral

O ey

O veryeasy

30. Rate the data availability of emptying and transportation

O 100% reacily avalisbie
75% readly avallabie

O

(O 50% readly awallabie

O 25% readly awallatie

O

0% readly awaladle

31. Indicate the extent to which areas of data available were monitored during data collection
(O Not Monitored at Al
O sighty Monicred
O Moserately Monnored
(O Vvery Wel Monitored
O

Fuily Maritored
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32 Indicate the extent to which areas of data available were in compliance with SFD tool

requirements.

O

O

O O O

Not complant

Sightly compliant

Moderately compliant

Very Wel compliant

Fully compiiant

33. Is there anything you would like to add?
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Treatment

34 Specify the primary method employed for data collection and provide the rationale behind its
selection.

35. Rate the difficulties faced in accessing the treatment data for SFD development
(O Extremely Difficult
O oificute
O Neural
O ey

O verytasy

36. Rate the data availabiity of treatment
O 100% reacily avaliable
(O 75% readly awallatie
O 50% readly avallatie
O 25% readly avallable
O

0% readly yailadle

37. Indicate the extent to which areas of data available were monitored during data collection
(O Not Monitored at Al
O sighey Moniered
(O Moderately Monitored
(O Very Wet Monitored
O

Fully Monitored
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38. Indicate the extent to which areas of data available were in compliance with SFD tool
requirements.

O Not complant
Sightly compliant

Moderately compliant

O O O

Very Wel compliant

O

Fully compliant

39. Is there anything you would like to add?
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Reuse/Disposal

40. Specify the primary method employed for data collection and provide the rationale behind its
selection.

41. Rate the difficulties faced in accessing the reuse/disposal data for SFD development
(O Exremely Difficult
O oifficute
O Neuwral
O ey

O Very tasy

42 Rate the data availability of reuse/disposal
O 100% reacily avaliable
O 75% readly avallabie
O 50% readly awallatie

O 25% readly awalladie

O 0% readiy sailable

43. Indicate the extent to which areas of data available were monitored during data collection

(O Not Maritored 3t Al
(O sighny Monizcred
(O Moderately Moniored
(O Very Wel Monitored
O

Fully Monitored
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44 Indicate the extent to which areas of data available were in compliance with SFD tool
requirements.

O Not complant
O Sightly compliant

Moderately compliant

O O

Very Wel compliant

@)

Fuly compliant

45 Is there anything you would like to add?

This content Is neither created nor endorsed by Microsoft. The data you submit will be sent o the form owner.
@ Micosch Forms
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