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ABSTRACT

Non-Revenue Water (NRW) critically undermines the technical and financial sustainability
of public water utilities across Africa, yet its specific impact on operational performance
remains understudied. This research addresses this gap by assessing NRW's effects on the
operational efficiency of the Benin Urban Water Company (SONEB) in Parakou and
proposing actionable reduction strategies. Employing a mixed-methods approach, including
household surveys (n=204), staff interviews (n=17), and operational data analysis, the study
quantified NRW levels, evaluated its impact across technical, financial, institutional, and
customer service dimensions, identified root causes, and conducted a SWOT analysis. Key
findings reveal NRW at SONEB Parakou reached 39% in 2024, significantly exceeding the
recommended 25% benchmark. While 96.6% of households reported satisfaction with
supply frequency, 54.1% experienced delayed bill delivery, and 68.1% considered tariffs
too high. Revenue collection averaged only 50.7% from 2020-2024, exacerbating financial
losses. Primary causes include aging infrastructure, lack of network sectorization, excessive
pressure, frequent leaks, billing errors, illegal connections, and the absence of a dedicated
NRW unit. Commercial losses were further driven by pressure fluctuations, inadequate leak
detection, water theft, and meter tampering. SWOT analysis identified strengths (abundant
resources, government support, 94% uninterrupted supply), weaknesses (no NRW unit,
outdated tools, poor coordination), opportunities (smart metering, District Metered Areas
(DMAs), billing improvements), and threats (pipeline damage, illegal connections, climate
change). The study recommends establishing an NRW management unit, adopting digital
tools (GIS, smart meters), enhancing staff capacity, and launching a 24/7 call center. It
concludes by proposing an innovative NRW management model offering scalable solutions

for SONEB and similar African utilities.

Keywords: Non-Revenue Water, NRW Management, Water Utility Performance, SONEB,

Parakou, Benin.
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RESUME

L’Eau Non Comptabilisée (ENC) compromet gravement la viabilité technique et financiére
des services publics d’eau a travers I’ Afrique, mais son impact spécifique sur la performance
opérationnelle reste peu étudié. Cette recherche comble cette lacune en évaluant les effets
de I’ENF sur I’efficacité opérationnelle de la Société Nationale des Eaux du Bénin (SONEB)
a Parakou et en proposant des stratégies concretes de réduction. En adoptant une approche
méthodologique mixte, incluant des enquétes ménages (n=204), des entretiens avec le
personnel (n=17) et une analyse des données opérationnelles, 1’étude a quantifi¢ les niveaux
d’ENC, évalué son impact selon les dimensions techniques, financicres, institutionnelles et
du service client, identifi¢ les causes profondes et réalisé¢ une analyse Forces, Faiblesses,
Opportunités et Menaces (FFOM). Les résultats clés révelent que 'ENC a la SONEB
Parakou a atteint 39 % en 2024, dépassant largement le seuil recommandé de 25 %. Bien
que 96,6 % des ménages se déclarent satisfaits de la fréquence de I’approvisionnement, 54,1
% ont signalé des retards dans la distribution des factures, et 68,1 % jugent les tarifs trop
¢levés. Le taux moyen de recouvrement des recettes n’était que de 50,7 % entre 2020 et
2024, aggravant ainsi les pertes financieres. Les causes principales identifiées incluent le
vieillissement des infrastructures, 1’absence de sectorisation du réseau, une pression
excessive, les fuites fréquentes, les erreurs de facturation, les branchements illégaux, ainsi
que I’absence d’une unité dédiée a la gestion de ’ENC. Les pertes commerciales sont
également accentuées par les variations de pression, I’insuffisance de la détection des fuites,
le vol d’eau et la fraude sur les compteurs. L’analyse FFOM a mis en évidence des forces
(ressources abondantes, soutien gouvernemental, approvisionnement ininterrompu a 94 %),
des faiblesses (absence d’unit¢ ENC, outils obsolétes, mauvaise coordination), des
opportunités (télémesure intelligente, Districts de Mesure Sectorisés (DMAs), amélioration
de la facturation) et des menaces (casses de canalisations, branchements frauduleux,
changement climatique). L’étude recommande la création d’une unité de gestion de I’ENC,
I’adoption d’outils numériques (SIG, compteurs intelligents), le renforcement des capacités
du personnel et le lancement d’un centre d’appel disponible 24h/24 et 7j/7. Elle conclut en
proposant un mod¢le innovant de gestion de I’ENF offrant des solutions évolutives pour la

SONEB et d’autres opérateurs africains similaires.

Mots-clés : Eau Non Comptabilisée, Gestion ENC, Performance des services d’eau, SONEB,

Parakou, Bénin.
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1. INTRODUCTION
1.0. Background

In a world facing the pressures of population growth, climate change, and land use changes,
water management policies are becoming increasingly critical. The world faces a huge
challenge to provide improved water supply and sanitation, especially in urban areas in the
developing world, where population growth rates have been highest (Wyatt, 2010). In many
cases, countries attempt to address water resource gaps by advocating for increased water
production. However, most countries lack the necessary financial means and are better suited
to enhance the management of their current resources instead. Their highest priority should
be to ensure effective and efficient use of available water resources by reducing water losses
(USAID & AfWA, 2015). However, many utilities maintain their systems only to ensure
water supply, while the increased expenditures due to water loss are compensated by raising
water tariffs rather than implementing leak control programs (Perera et al., 2018). It is
estimated that between 25% and 50% of all distributed water worldwide is lost or never
invoiced due to various factors, including illegal connections, faulty billing systems, meter
inaccuracies, leaks, aging infrastructure, and inadequate pressure management (Beitzel,
2021). This phenomenon, known as Non-Revenue Water (NRW), is a major issue, especially

in developing countries (van den Berg, 2015).

Globally, the NRW is alarmingly high, with a 2019 estimate showing a loss of 346 million
cubic meters per day, which equals 126 billion m?/year, resulting in a financial loss of $39
billion annually (Liemberger & Wyatt, 2019). In low-income countries, NRW can account
for 50-60% of the water supplied, with a global average of 35% (Makaya & Hensel, 2014).
The majority of water supply systems worldwide exceed the 23% NRW threshold
recommended by a World Bank study on efficient water services in developing countries
(Mubvaruri et al., 2022). In Africa, the average volume of NRW (expressed as a percentage
of system input volume) in the 19 utilities audited was 39% of system input volume (USAID
& AfWA, 2015). This problem may get worse because there is a lack of technical expertise
and equipment to effectively deal with water loss in most water utilities which further
reduces the availability of adequate good quality water to consumers (Abdu Nasara et al.,
2021). According to Thornton et al. (2008), a thorough examination also seems to indicate
that human error and poor maintenance are the main causes of water loss due to meter
inaccuracy, leaks, or improper data management. Historically, water loss was overlooked

due to the perception of an unlimited supply of inexpensive water (Abdu Nasara et al., 2021).
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However, growing populations, stricter regulations, and rising costs make ignoring NRW
increasingly unsustainable. NRW directly impacts utilities by limiting revenue generation,
increasing operating costs, and hampering funding for service expansion, particularly in

underserved, low-income communities.

1.1. Problem statement

Ensuring sustainable access to drinking water in growing African cities like Parakou remains
a pressing challenge for utilities such as the Société Nationale des Eaux du Bénin (SONEB).
In these urban contexts, NRW represents a major concern, undermining both the operational
efficiency and financial viability of services (Kingdom et al., 2006; Liemberger & Wyatt,
2019). NRW is defined as water produced but not billed due to physical losses, commercial
errors, or unauthorized consumption (Liemberger & Wyatt, 2019). In Benin, a country with
a population of approximately 13 million, urban water management is entrusted to SONEB.
In 2019, SONEB recorded an NRW rate of 33% (MEM, 2020), significantly exceeding the
25% threshold recommended for well-managed utilities (WSP-Africa, 2009).

NRW is a recurring problem in sub-Saharan Africa, where levels often exceed 30%, far
above what is considered efficient (USAID & World Bank Institute, 2010; Mutikanga,
2012). A recent study in Cameroon shows that urban utilities suffer from excessive losses—
up to 52.5% of input water resulting from aging infrastructure, low metering accuracy, poor
maintenance practices, and weak institutional coordination (Dang Victor et al., 2024).
Similarly, in Ghana, high NRW levels (exceeding 45%) are worsened by ineffective
governance and fragmented responsibilities across regulatory bodies, ultimately reducing
cost recovery and pushing customers to seek alternative, often unsafe, water sources(Appiah
& Du, 2017). Furthermore, Abdu Nasara et al., (2021) demonstrated in Nigeria that
institutional weaknesses such as the absence of dedicated NRW units and a lack of
performance-based management contribute to poor water loss control. Since the introduction
of water distribution networks, many countries have progressively developed water loss
management strategies, as highlighted in the works of ( Zeraebruk et al., 2014; Makaya &
Hensel, 2014; Appiah & Du, 2017; Lai et al., 2017; Abdu Nasara et al., 2021).

In Parakou, where surface water from the Okpara Dam is the sole source and 40% of
boreholes are classified as “non-productive” due to low yields, the pressure on existing
infrastructure is evident (Habirou, 2023; Hountondji & Nouatin, 2022). Urban growth,

outdated meters (some over 15 years old), and insufficient maintenance further weaken
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SONEB’s performance, forcing underserved communities to rely on costly and unsafe
alternatives like tanker-delivered water or donkey vendors. Although several technical
reports AfDB, (2015); USAID & AfWA, (2015); SONEB, (2016) have assessed NRW in
Benin, these studies often generalize trends at the national or regional level, offering limited
insight into city-specific dynamics. As (Dang Victor et al., 2024) argue, context-specific data
and governance strategies are essential for designing effective loss-reduction interventions
in urban Africa. Furthermore, studies by Makaya, (2015) and Mutikanga et al., (2009)
emphasize the importance of participatory, data-driven approaches including digital
monitoring and community engagement to understand the spatial and institutional

dimensions of NRW.

Therefore, this study seeks to fill a critical gap in localized scientific evidence by analyzing
the extent, causes, and consequences of NRW in Parakou’s water supply system. It adopts a
mixed-methods design that includes operational performance indicators, stakeholder
interviews, and community surveys to identify practical, evidence-based strategies. The
ultimate goal is to improve SONEB’s operational and financial sustainability while

contributing to the broader academic discourse on NRW in sub-Saharan Africa.

1.2. Significance of the study

This study is significant as it addresses critical issues related to NRW in Parakou, a city
heavily reliant on surface water from the Okpara Dam for its drinking water supply. High
levels of NRW, caused by physical losses, commercial inefficiencies, and administrative
shortcomings, directly impact the operational and financial performance of SONEB. As
Parakou experiences rapid population growth and increasing water demand, tackling NRW
1s vital to ensuring sustainable water supply systems. The findings will help SONEB identify
targeted interventions to reduce NRW, which could unlock significant financial resources
for much-needed infrastructure investments and service expansions to meet the growing

urban water needs.

The findings of this study align with global and continental development goals. By
addressing NRW, the research contributes to Sustainable Development Goal (SDG) 6, which
seeks to ensure universal and equitable access to safe and affordable drinking water by 2030.
It also supports the Africa Water Vision 2025, emphasizing water security, and the African
Union's Agenda 2063, which envisions equitable resource access for sustainable growth.

Furthermore, the study complements the Beninese government’s commitment to achieve
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“universal access to potable water”, reaffirming its dedication to improving the quality of
life for all citizens. This research offers actionable insights for policymakers and
stakeholders to strengthen water resource management, ensuring resilience and equity in

water service delivery in Parakou.

1.3. Scope of the study

This study focuses on analyzing the effects of NRW on the operational efficiency of
SONEB’s water utility services in Parakou, Benin looking at the technical, financial,
customer and institutional factors affecting the management of non-revenue water. It aims
to analyze the extent of NRW, identify its main causes, and assess its impacts on operational,
financial, and institutional performance, as well as customer satisfaction. To this end, the
study will use a mixed-methods approach, including quantitative analysis of operational and
financial data from SONEB's systems and qualitative methods such as household surveys,
questionnaires interviews and focus group discussions with SONEB's senior management,
technical staff and representatives of relevant government agencies. The study will also
provide actionable recommendations for improving the efficiency and sustainability of
SONEB's water utility operations, with a focus on reducing NRW. The time frame for the
study spans historical data up to the present day, emphasizing recent trends and

developments in NRW management.

1.4. Research questions

Main research question

How does non-revenue water (NRW) affect SONEB’s operational efficiency in Parakou,

Benin?
The study attempted to answer the following specific questions:

1. What is the extent of NRW in SONEB’s water distribution systems in Parakou and

what are its impacts?

2. What are the primary causes and contributing factors of NRW in the water

distribution networks of SONEB in Parakou?

3. What are the actionable strategies can be implemented to reduce NRW and improve

operational efficiency of SONEB in Parakou?
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1.5. Objectives of the study
1.5.1. Main objective

This study aims to assess non-revenue water's effects on SONEB’s operational efficiency in

the Beninese city of Parakou.

1.5.2. Specific Objectives

In line with the main objective, three specific objectives are defined.

1. to assess the extent of NRW in SONEB’s water supply systems in Parakou and

its impacts on utility performance;

2. to identify the primary causes and contributing factors of NRW in Parakou’s water

distribution networks;

3. to propose solutions to reduce NRW in order to enhance the operational efficiency

of SONEB in Parakou.

1.6. Working hypotheses

We define the following hypotheses:

1. high levels of NRW significantly affect the technical, financial, institutional, and

customer-related performance of SONEB in Parakou;

2. the prevalence of NRW in Parakou is primarily driven by physical losses and

inefficiencies in the distribution network;

3. the implementation of targeted investments in advanced leak detection systems, and
infrastructure upgrades can significantly reduce NRW and enhance SONEB’s

operational performance in Parakou.
1.7.  Structure of the study

Five chapters compose this thesis. Chapter one provided a background to the study and
highlight the problem statement, research objectives, questions and working hypotheses,
significance of the study and the structure of the study. The second chapter explored the
literature review which included the global water supply and sanitation, the concept of NRW
in developing countries, NRW challenges and management in Africa, performance of water
utilities in Africa, Keys Performance Indicators (KPIs), Historical background of SONEB

and its challenges in NRW management. Chapter three discussed the research
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methodology, including research design and method as well as the case studies. Chapter
four presented and discussed the results of the findings in the study. Chapter five concluded
the study with key findings, limitations and recommendations for further research. Then,

will be followed by References, Bibliography and Appendix.
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2. LITERATURE REVIEW

2.0. Introduction

This chapter gives an overview on the impact of increasing non-revenue water to water
utilities’ operational efficiency. In this chapter relevant sources of literature were chosen
from google scholar, research gate, and series of scientific database as well as policy reports
and published citations. The study also used trusted websites as well as peer-reviewed

articles.

2.1. Overview on global water supply and sanitation

Global water use has been growing by approximately 1% annually over the past 40 years, a
trend expected to continue through 2050 due to population growth, socio-economic
development, and changing consumption patterns (UN Water, 2023). This increase is
primarily concentrated in middle- and lower-income countries, particularly in emerging
economies. Water scarcity is increasingly widespread, driven by local physical water stress
and the rapid spread of freshwater pollution. Climate change is expected to exacerbate
seasonal water scarcity, increasing it in regions currently abundant in water, such as Central
Africa, East Asia, and parts of South America, and worsening it in already water-stressed
areas like the Middle East and the Sahel in Africa. On average, 10% of the global population

resides in countries facing high or critical water stress (UN Water, 2023).

Since the United Nations began monitoring, the global water and sanitation landscape has
undergone significant changes due to global water management policies, their underlying
national initiatives, and major demographic and technological shifts (Bartram et al., 2014).
The global population has nearly doubled since 1970, while the urban population has almost
tripled (Population Division Department of Economic and Social Affairs & United Nations,
2013). The Millennium Development Goals (MDGQG), particularly "Target 7C: Halve, by
2015, the proportion of the population without sustainable access to safe drinking water and
basic sanitation," aimed to reduce the number of people lacking safe drinking water and
basic sanitation (United Nations, 2012). Between 1970 and 2012, the number of people with
access to improved drinking water sources increased from 2.4 billion to 6.2 billion (from
64% to 89% coverage), and those with basic sanitation rose from 1.3 billion to 4.4 billion
(from 36% to 64%) (Bartram et al., 2014). More than half of the global population now has
access to water through a piped source in their homes (WHO & UNICEF, 2014). Life
expectancy at birth has increased from 56.5 to 68.7 years, partly due to improved drinking
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water and sanitation (Population Division Department of Economic and Social Affairs &

United Nations, 2013).

* 4™ UN Development
2 UN Development Decade (4DD) Sustlalnable
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Serod Goals
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World Summit for Children  Millennium Declaration
Formation of IMP

Figure 1. Timeline of international targets and actions related to drinking water and
sanitation.

Source : Bartram et al., (2014)

Despite the substantial progress made under the MDGs, significant work remains. The
Sustainable Development Goals (SDGs), which continue the MDGs' mission, include Goal
6, which aims to "ensure availability and sustainable management of water and sanitation
for all" and sets targets for universal access to safe drinking water (6.1) and sanitation and

hygiene (6.2 (WHO/UNICEF JMP, 2023).

Participation

6.a1
International
cooperation

6.6.1

Ecosystems

6.5.2

6.3.1

Transboundary Wastewater

cooperation

6.5.1

Integrated 6.3.2
water resources Water quality
management

6.4.2 6.41
Water Water use
stress efficiency

FAO AQUASTAT

Figure 2: SDG6 indicators and tiering system
Source: United Nations, (2023)

Since 2015, global access to safely managed drinking water has improved from 69% to 73%.

This increase is more pronounced in rural areas, where coverage rose from 56% to 62%,
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while in urban areas, it grew more modestly from 80% to 81%. In 2022, 32 countries were
on track to achieve universal access (>99%) by 2030, 78 countries were progressing too
slowly, and 16 countries saw a decline in coverage. By 2022, an estimated 2.2 billion people
still lacked access to safely managed drinking water. Among them, 1.5 billion had only basic
services, 292 million had limited services, 296 million relied on unimproved water sources,

and 115 million depended on surface water (WHO/UNICEF JMP, 2023).

Similarly, access to safely managed sanitation improved from 49% to 57% since 2015, with
rural coverage increasing from 36% to 46% and urban areas from 60% to 65%. In 2022, 17
countries were on track to achieve universal access (>99%) by 2030, 84 were progressing
too slowly, and in 24 countries, coverage was decreasing. However, by 2022, 3.4 billion
people still lacked access to safely managed sanitation. This included 1.9 billion with basic
services, 570 million with limited services, 545 million using unimproved sanitation, and

419 million practicing open defecation (WHO/UNICEF JMP, 2023).

1o 5 Open defecation : E Surface water
10 ! Unimproved Unimproved
7 5 Limited Limited
B Gasic Basic
B safely managed B Safely managed
alles 015 202
: g
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Figure 3: Global drinking water and sanitation coverage, 2015-2022
Source: (WHO/UNICEF JMP, 2023).
2.2. Concept of Non-Revenue Water

2.2.1. Definition of Non-revenue Water (NRW)

Non-revenue water (NRW) is the difference between the volume of water introduced into a

distribution system and the volume that is ultimately billed to customers (Kingdom et al.,
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20006). In simpler terms, NRW represents water that has been produced and supplied but is

lost before generating any revenue for the utility.

According to Lambert and Hirner (2000) NRW consists primarily of water losses, which are
calculated as the difference between authorized consumption and total system input volume

(Figure 4).

WATER WATER

BILLED

PRODUCED

Figure 4: Non-revenue water representation

Source: (AVK GROUP, 2017)

Water losses are defined as the total volume of water introduced into the distribution network
whether from a water treatment plant, well system, or bulk water imports minus the total
volume of water that is legally consumed by domestic, commercial, industrial, and

institutional users.

Chetankumar (2024), describes NRW as the often misunderstood and complex loss of water
within intricate distribution systems. It refers to the unaccounted disappearance of treated

water initially intended for consumption.

2.2.2. Components of non-revenue water

The International Water Association (IWA) Water Balance

According to the International Water Association (IWA)’s water balance (Alegre et al.,
2000), NRW lies in the category of water losses and unbilled authorized consumption (Table
1). It developed the water balancing technique, in which water utilities monitor every part of
their distribution networks to identify areas of loss. Water utilities can minimize their
physical and commercial losses by evaluating the amount and kind of water losses with the

help of the water balance (AL-Washali et al., 2020). The system input volume is the annual
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(or other period) total water produced and put into the utility’s distribution networks. It is

composed of:

a. The amount of water used for residential, commercial, and industrial uses that is metered
or unmetered and is taken by registered customers, the water supplier, and other parties
who have been given explicit or implicit permission to do so. Water exported across
operating limits is also included. Activities such as firefighting and training, sewer and
main flushing, street cleaning, watering public gardens, fountains, frost protection,
building water, etc. are examples of authorized consumption. These could be metered or

unmetered, billed or unbilled (Thanh, 2015).
e Billed Authorized Consumption

The Authorized Consumption components generate income and are billed (also known as
income Water). Equivalent to the total of the billed metered and billed unmetered

consumption (Thanh, 2015).
e Unbilled Authorized consumption

Those parts of authorized consumption are legal but unbilled, meaning they don't generate
income. Equivalent to the sum of the unbilled metered and unbilled unmetered consumption

(Thanh, 2015).

b. The gap between the authorized consumption and the system input volume is known as
water losses. It is made up of both physical losses and apparent losses (Figure 5) (AVK
GROUP, 2017).
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Figure 5: NRW Components
Source: World Bank Group, (2018)

o Commercial Losses: Also known as "apparent losses," these include unauthorized

consumption and any forms of inaccurate metering (AVK GROUP, 2017).

e Physical Losses: Also known as "real losses," these are the yearly amounts lost due
to all kinds of main service reservoir and service connection leaks, bursts, and

overflows up to the customer metering point (AVK GROUP, 2017).

NRW means “water that was distributed but not billed”. It is often confused with “water that
was billed, but the tariff could not be collected for it.” However, IWA classifies revenue-

water (RW) and NRW based on whether the water is subject to billing (JICA, 2020).
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Table 1: Water balance sheet based on IWA definition

System
Input

Volume

(SIV)

Authorized
Consumption

Water Losses

(Unaccounted
For Water:

UFW)

Billed metered water
consumption
LAtz . Billed unmetered water | Revenue
Authorized .
. consumption (Water meter not | Water
Consumption installed, estimated water
consumption due to water
meter failure)
Unbilled metered water
consumption  (Settled  water
) consumption)
Unbilled
Authorized Unbllled’ unmetered ~ water
consumption (Free water from
Consumption public
tap, pipeline cleaning water from
water utility)
Unauthorized water consumption | Nonrevenue
Apparent Losses | (Unknown water, illegal | Water
(Commercial connection water) (NRW)
Loss)
Customer metering inaccuracies
Leakage on transmission and
distribution mains
Real Losses | Leakage and overflows at
(Physical Loss) distribution reservoir

Leakage on service connections
up to point of customer metering

Source: JICA, (2020)

2.3.

Global Non-Revenue Water challenge

The world faces a huge challenge to provide improved water supply and sanitation,

especially in urban areas in the developing world, where population growth rates have been

highest (S.Wyatt, 2010). It is estimated that between 25 % and 50 % of all distributed water

in the world is lost or never invoiced due to many factors, including illegal connections,

incorrect billing systems, erroneous metering, leakages, failing infrastructure, and a lack of

pressure management (Beitzel, 2021). In the municipal sector, water productivity is

suboptimal due to the difference between the water input into the distribution system and the
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amount billed to consumers (van den Berg, 2015). In 2019, the global NRW was estimated
to be 346 million m3/d, which equals 125 billion m3/y, resulting in a financial loss of $39
billion (USD) every year (Liemberger & Wyatt, 2019). In some low-income countries, this
loss represents 50-60% of the water supplied, with a global average estimated at 35%
(Makaya & Hensel, 2014). Water utilities suffer from the huge financial costs of treating and
pumping water only to see it leak back into the ground, and the lost revenues from water that
could have otherwise been sold. If the water losses in developing countries could be halved,
the saved water would be enough to supply around 90 million people (AVK GROUP, 2017).
Globally, the majority of water supply systems are characterized by NRW levels exceeding
the 23% threshold, as suggested by a World Bank study on efficient water services in

developing countries (Mubvaruri et al., 2022).

NRW LEVELS

34%

Nairobi, Kenya

Figure 6: Worldwide differences in NRW levels
Source: AVK GROUP, (2017)

2.4. Non-Revenue Water (NRW) in developing countries

In developing countries, apart from inequalities and low service coverage issues, other
problems that plague water utilities include high unaccounted-for-water, which often
averages between 40% and 60%, and overstaffing (Makaya & Hensel, 2014). According to
a World Bank study, nearly 45 million m® of water is lost daily as leakage (enough to serve
nearly 200 million people) in the developing countries and close to 30 million m? of water

is delivered everyday to customers but not paid for due to metering inaccuracies, theft and
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corrupt utility employees, costing water utilities about USD 6 billion every year (Kingdom
et al., 2006). The financial implications are profound, with NRW costing water utilities in
developing countries billions of dollars annually, which hampers their ability to expand
services, improve infrastructure, and achieve financial viability (Kingdom et al., 2006).
Addressing NRW is particularly challenging due to the lack of adequate monitoring systems,
insufficient technical expertise, and weak governance frameworks within many utilities
(Thornton et al., 2008). Despite the potential benefits of reducing NRW, such as increased
revenue and improved water availability, many utilities in these regions struggle to

implement effective reduction strategies.

Table 2: Estimates of worldwide NRW volumes

ESTIMATES OF NRW

Volume
Ratio (billions of m*/year)
Level
Supplied System of NRW Com-
population input (% of Physical mercial Com-
(millions, l/capita/ system losses losses Physical mercial Total
2002) day input) (%) (%) losses losses NRW
Developed
countries 744.8 300 15 80 20 9.8 2.4 12.2
Eurasia
(CIS) 178.0 500 30 70 30 6.8 2.9 9.7
Developing
countries 837.2° 250° 35 60 40 16.1 10.6 26.7
TOTAL 32.7 159  48.6

Sources: WHO and authors’ estimates.

| = liters; m* = cubic meters

Source: (Kingdom et al., 2006)

2.5. Water operator’s challenges

“Publicly owned and managed water operators currently provide more than 90% of the
world’s piped water and even small managerial improvements could yield major benefits”

(Hashimoto, 2006) in (IHE Delft et al., 2024).

Water operators are critical players in efforts to achieve sustainable and universal water and
sanitation. Yet today many of them, lagging behind the increasing demand, face many
challenges such as rapid urbanization, rising inequity, pressures on water resources, severe
resource constraints and ineffective governance frameworks (IHE Delft et al., 2024).

According to the United Nations Secretary-General’s Advisory Board on Water and
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Sanitation “The operators who deliver water services need help” (Hashimoto, 2006) in (IHE

Delft et al., 2024).
e Poorly functioning utilities;
e Discontinued urban water services;
e Poor water quality;
e High Non-Revenue Water rates (40%-60%);
e Low Revenue Collection;

o Network restricted to some of city’s inhabitants;

e Low Coverage (60%-75%);

Figure 7 : Leak pipe

e Unequal access.

2.6. NRW challenges and management in Africa

In Africa, water companies often appoint leaders with diverse backgrounds, limiting
expertise in technical and institutional needs critical for managing non-revenue water
and minimizing water losses effectively (USAID & World Bank Institute, 2010). Many
utilities struggle to ensure that customers receive a reasonable supply of water to sustain
health and life. NRW management in Africa represents a critical challenge for utilities,
as water loss significantly impacts service efficiency and financial viability. In Africa
NRW figures ranging from 5% in some South African towns to 70% in Liberia have
been reported (Makaya, 2015). This immense water loss occurs due to both physical and
commercial losses, influenced by aging infrastructure, poor maintenance practices, and

inefficiencies in utility management (Kingdom et al., 2006).
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Challenges in Non-Revenue Water Management

Urbanization

Lack of technical
axpertise in water
management

Rapid growth of cities
leading to increased
water demand

Policies

Decreasing availability
of water resources

Ineffective governance
and management
strategies

Infrastructure Pollution

Aging systems unable to
meet current needs

Contemination of water
sources affecting
quality

Figure 8: Challenges facing African Water Utilities in NRW management
Source: USAID & AfWA, (2015)

These factors (Figure 8) all influence the potential for managing losses and demand while
affecting the pace of change. Continuous NRW limits the financial resources available to
tackle these challenges facing by water utilities in Africa. Water losses indicate the
performance of water utilities and the country’s level of financing water works especially
for water supply, maintenance and repair as well as other loss management(USAID & World

Bank Institute, 2010).

According to USAID & World Bank Institute, (2010), the challenge for water companies is
to transform the " Vicious NRW Cycle " into a " Virtuous NRW Cycle ". The Vicious NRW
Cycle begins with increasing expenditure to meet customer water demands, which strains
operational budgets and reduces network maintenance. Lack of maintenance will then
increase the leakages in the system thereby increasing NRW. The end of the cycle will then
fall on revenue by reducing it and increasing operational cost. The virtuous in contrast, the
Virtuous NRW Cycle starts with reducing NRW. Lower NRW enhances revenue and
decreases operational costs, enabling utilities to invest more in operational improvements
and further NRW reduction programs, creating a positive feedback loop (USAID & World
Bank Institute, 2010).
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Figure 9 : Vicious cycle

Figure 10 : Virtuous Cycle
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Figure 11: NRW trends across regions of Africa (as a % of system input volume)

Source: USAID & AfWA, (2015)

2.7. African initiatives for water loss reduction

African initiatives for water loss reduction have focused on combating NRW, a major
challenge impacting water utilities across the continent. Various case studies underscore the
importance of technical, financial, and policy interventions in mitigating both physical and

commercial water losses.

Countries like South Africa, Botswana, and Namibia have implemented pilot programs
targeting NRW reduction. In South Africa, the Boloka Metsi project in Emfuleni
demonstrated the potential of Public-Private Partnerships (PPPs) by achieving significant
water savings and engaging local communities in leak detection and repair (SADC
Secretariat, 2018). Similarly, Botswana's Somarela Thothi project used a PPP model to
improve water management in Gaborone, showcasing the importance of community
awareness and technical training (Makaya, 2015). Namibia responded to prolonged droughts
with its National Water Savings Campaign, promoting water conservation and reducing

leakages through pressure management and public engagement (SADC Secretariat, 2018).
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The Water Research Commission (WRC) in South Africa has developed software to reduce
NRW. The commission has developed models and documentation to help water suppliers
address their losses, including the SANFLOW minimum night flow analysis model,
PRESMAC pressure management model, ECONOLEAK active leakage control assessment
model, and AQUALITE water balance model (Makaya, 2015). Artificial Neural Networks
(ANNSs) have also been used to detect and manage leakages effectively in urban centers,

such as Harare, Zimbabwe (Makaya, 2015).

Benchmarking is one another initiative adopted by many African cities in trying to manage
their water losses. The approach is one where distribution service efficiency is
correlated to improvement in water loss reduction. A benchmark of 0.3 m?/connection/day
was identified as an optimal NRW indicator for African water utilities, based on data from
70% of 134 utilities surveyed in Africa (WSP-Africa, 2009). This benchmark emphasizes
that regular maintenance of infrastructure is more cost-effective than large-scale
rehabilitation efforts and ensures the long-term sustainability of water systems (Makaya,

2015).

2.8.  Measuring performance of the water utilities in Africa

An efficient water service ensures the sustainable delivery of high-quality water and
wastewater treatment, encompassing strong financial and operational performance while
guaranteeing universal access to affordable water and sanitation services (van den Berg &
Alexander, 2014). Performance assessment plays a very important role in evaluating
performances of water utilities with respect to their peers (Makaya & Hensel, 2014). The
most effective approach to enhancing water distribution efficiency involves the adoption of
proactive performance assessment systems (Kingdom et al., 2006). However, as noted by
van den Berg, (2015), not all performance indicators accurately reflect utility performance.
Despite this, certain indicators have been shown to have a strong correlation with (NRW)
levels (Zeraebruk et al., 2014) and are significantly impacted by NRW management as
indicated within the performance assessment and benchmarking report done by Water and

Sanitation Program in 2009 (WSP-Africa, 2009).

2.8.1. Technical performance indicators

Operational performance is defined as the unweighted average of three indicators: metering,

non-revenue water (measured in cubic meters per connection per day), and staff efficiency
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(van den Berg & Alexander, 2014). Staff efficiency evaluates the revenue collected for every

dollar spent on personnel.
o Water coverage:

Defined as the percentage of the population with access to water or sewerage services (either
with direct service connection or within reach of a public water point) as a percentage of the
total population under a utility’s area of responsibility (WSP-Africa, 2009). The

benchmarking target expected for water coverage is 80% (Zeraebruk et al., 2014).
e Non-Revenue Water (NRW) (%)

Operational performance of utilities is often measured using NRW. Defined as the difference
between water supplied and water sold (i.e. volume of water ‘lost’) expressed as a percentage
of net water supplied (Zeraebruk et al., 2014). NRW represents water that has been produced
and is ‘lost’ before it reaches the customer (either through leaks, theft or through legal usage
for which no payment is made) (WSP-Africa, 2009). This indicator captures not only
physical losses but also commercial losses due to inefficient billing or illegal connections.
Thus, high levels of NRW may indicate poor system management and poor commercial
practices as well as inadequate network maintenance. A target reduction up to 25% is
expected (WSP-Africa, 2009), while the one set by the American Water Association is 10%
(AWWA, 2019).

e Metering (%)

Metering customers is considered good practice as it enables them to control their water
bills. It also equips utilities with essential tools and information to manage systems, enhance
service delivery and to manage the cost recovery through the set tariff structure (Zeraebruk
et al., 2014). As performance indicator the metering level has been expressed as a ratio of
the number of connections with operating meter to total number of connections. A target of

100% is expected (WSP-Africa, 2009).
e Water production and consumption

Non-Revenue Water (NRW) impacts both water consumption and production, as the
production indicator measures the total annual water supplied for distribution, while the
consumption indicator reflects the average daily consumption per person (WSP-Africa,

2009). Both provide an indication of the overall efficiency of water resources use. However,
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ultimately, the possibility of expanding coverage depends on the availability of sufficient
water production capacity in the service area relative to the resident population. The target

for water consumption is 76 1/c/day (WSP-Africa, 2009).
e Bursts and leaks

Bursts and leaks are water loss events with flow rates exceeding background losses, making
them detectable using standard leak detection techniques. These issues, which may be visible or
hidden, indicate the technical weaknesses of a water utility (Van Den Berg & Danilenko, 2014).
Tracking their occurrence provides insight into necessary repairs and associated costs (WSP-

Africa, 2009).
e Service reliability:

Supply Reliability Refers to the consistency and dependability of water provision to
customers, including the frequency, duration, and predictability of service interruptions.
Reliable utilities ensure minimal unplanned outages and equitable distribution of water. For
instance, in the case studies, utilities like ONEA in Burkina Faso reported consistent daily
water supply (23 hours/day), contrasting with SODECI in Céte d’Ivoire, which faced
intermittent supply challenges (20 hours/day) (Umutangampundu, 2020). High reliability
boosts customer satisfaction and operational efficiency while minimizing revenue losses and

water wastage.

2.8.2. Financial performance indicators

The financial sustainability of a water utility is crucial for ensuring reliable and safe water
supply. Strong financial discipline enables utilities to generate surplus cash, which is
essential for investments, maintenance, and rehabilitation. Weak financial management
systems jeopardize the sector's viability and sustainability. Key improvements include
aligning pricing with objectives, enhancing billing and collection efficiency, and enforcing

accountability to strengthen performance and sustainability.

e Collection efficiency and collection period

In most developing countries, the billing/collection efficiency should be taken into account
when looking at NRW water (Faber & Radakrishnan, 2020). It may be that not all invoices
are delivered to the consumers, or that fees are not collected for all issued bills. Utility

managers understand that billing customers and successfully collecting payments are two
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distinct challenges. While poor collection efficiency is often attributed to customers, it can
also result from delayed or inaccurate billing and inadequate responses to billing inquiries.
A larger billing base increases potential revenue, but the collection period how long it takes
to recover payments plays a critical role. Extended collection periods undermine the

financial stability of utilities. The target is 100% of bills collection (WSP-Africa, 2009).
e Unit operational cost of water

As a performance indicator the unit operational cost of water provides the effectiveness of
the utility in terms of the operating cost needed to produce a unit volume of water (Zeraebruk
et al.,, 2014). It is a very important parameter because it provides an insight to the
productivity of the utility. Some of the practices of reducing cost includes but not limited,
increasing the volume of water sold, reducing commercial and technical losses and increasing

the number of metered connections (WSP-Africa, 2009).
e Operating Cost Coverage Ratio (OCCR)

The operating cost coverage is the ratio between the total annual revenues and total annual
operating costs. This performance indicator provides an insight to the capacity of the water
utility to cover its operating costs and its margin of profit. According to WSP-Africa, (2009)
the internationally accepted norm is that operating cost coverage ratios (OCCRs) should be
in the range of 130 % to 160 % or 1.2, with an allowance for asset rehabilitation and

replacement, as well as debt payment.
e Unit revenue

This is calculated as the ratio of a utility’s total annual water operating revenues expressed
by the number of connections. The performance indicator provides financial efficiency of
the utility in terms of the number of customers benefiting from its services (Zeraebruk et al.,

2014).

e Average tariff per m3 sold and Subsidy

Expressed as the ratio of a utility’s total annual direct billed revenue to total annual water
consumption (that is, volume of water sold). Direct revenue is the actual amount billed for
water services. Domestic, commercial and industrial revenue is included but bulk water
revenue is excluded. Revenue from other sales, sundry income or interest (WSP-Africa,

2009). Subsidy involves all the resources as well as funds to subsidize water services either
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from the Government, Non-Governmental Organizations and people among themselves

(Umutangampundu, 2020).
e Service to the poor

This involves the number of connections expanded for the poor communities. Inadequate
water and sanitation service provision to the urban poor remains a serious problem in many
African countries. Poor households in urban areas often live in unserved slums or peri-urban
settlements, relying on shared or public water sources due to the unaffordability of piped
connections. Most of the time you find low-income families congested in unplanned or
informal settlements, sometimes not safe; which makes it difficult to expand water services
to them (USAID & AfWA, 2015). This also becomes worse in case of repairing/replacing
deteriorated pipes. In situations like this, people try to find other sources of water such as
untreated water from rivers or lakes or worse theft of water, therefore increasing the rate of
NRW. Expanding capacity to serve underserved populations would significantly enhance a

water utility's performance (WSP-Africa, 2009).
e Overall Efficiency Indicator

Measured as a proportion of the total volume of water produced, the overall efficiency
indicator is the amount of water for which a utility receives payment. Although not ideal,
the OEI is intuitive and gives us a solid idea of a utility's overall position, enabling us to
draw broad conclusions about performance. It is expressed as follows in percentage terms:

[(1-NRW)* Collection ratio] (WSP-Africa, 2009).

2.8.3. Customer Performance indicators

e Continuity of supply (Average Hours of Service per Day for Water Supply)

This is defined in terms of the average hours of service a day. This is an important customer
indicator because being connected to the network does not necessarily mean a customer is
receiving good quality water when they need it (WSP-Africa, 2009). The higher the NRW
level the less the supply time in hours per day (USAID & AfWA, 2015). A 24-hour period
is the goal (WSP-Africa, 2009).
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Figure 12 : Relationship between supply time and percentage NRW

Source: (USAID & AfWA, 2015)

e Customer satisfaction rate and complaints

The main objective of a water utility is to satisfy customer demand (NDEGWA, 2016).
Complaints are commonly used as an indicator of the quality of interaction with customers.
In addition, knowing the number of all complaints made by customers for the services
provided helps utilities analyze the services they are giving and hence draw measures for
better performance. However, there are several factors that affect quality of service,
including customer relations, water pressure, water quality, and availability (WSP-Africa,

2009).
e Community participation

This indicator shows the rate of awareness and active community engagement towards
ensuring better services (Lai et al., 2017). It includes best practices such as number of
training offered to the community on how to reduce NRW, good communication as well as
reporting the leaks, bursts, and possible thefts or errors in metering (Umutangampundu,

2020)
2.8.4. Institutional performance indicators

e  Staff productivity

The efficiency of the utility is revealed by the use of human resources, as measured by the
staff productivity index, which is the number of employees per thousand connections

(registered consumers) (Zeraebruk et al., 2014). It relates the number of staff to the number
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of connections, with good performance manifested by a low staff per 1000 connection ratio
while a high ratio may indicate inefficient use of human resources. A well performing utility

needs less than 6 staff/ 1000 connections (WSP-Africa, 2009).
e Labor (personnel) cost

Personnel costs in many water utilities in developing countries constitute a larger cost factor
than usually recognized, diverting resources from maintenance and other necessary
operating expenses (Zeraebruk et al., 2014). The labor or personnel cost provides
information in the amount of financial resources assigned for salaries and allowances relative
to the operation cost which includes cost of consumables such as chemicals, spare parts, and

cost of energy. It is expressed as the ratio of the labor cost to operational cost (WSP-Africa,

2009).
e Capacity building

Investments in human capital include strengthening the technical and management capacity
of utilities through staff training programs. A key indicator of utility performance on human
resource development is the staff training participation rate, that proportion of staff that have
participated in at least one training event. The more the staff receive training about NRW
reduction, the more NRW will be well managed (WSP-Africa, 2009), (Umutangampundu,
2020).

o Water governance

These are policies and strategies to deal with NRW (USAID & AfWA, 2015). It can range
from institutional and regulatory framework to organizational structure as well as to setting
out and enforcing policies towards reducing NRW. A well performing utility also have clear

policies and practices (Umutangampundu, 2020).
2.9. Review of water supply and Non-Revenue Water in Benin

2.9.1. Benin water supply governance framework

In Benin, the Société Nationale des Eaux du Bénin (SONEB) is the sole national entity
responsible for producing and distributing drinking water. However, its services are limited
to urban and peri-urban areas, leaving rural communities dependent on their municipalities

for water supply.
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The rural water sector has undergone significant transformations since the early 1990s,
following the state’s withdrawal due to structural adjustment programs. These changes were
also influenced by the International Drinking Water Supply and Sanitation Decade (1981—
1990), initiated by the United Nations, which exposed the drawbacks of centralized water
management and the lack of community involvement (Hounmenou, 2006). As a result,
decentralization reforms transferred ownership of water infrastructure to municipalities,

while private operators were encouraged to take over service management.

These reforms in the rural and peri-urban water sector in Benin, as noted by Baron and
Maillefert, largely followed recommendations from international aid agencies, aligning with
the 'market-oriented' water governance framework (Valette et al., 2017). This approach is
characterized by principles such as decentralization, delegation, water pricing, and

stakeholder participation in water management (Hountondji & Nouatin, 2022).

“Currently, the drinking water supply sector is one of the national priorities” (Jérdome, 2018).
Significant efforts have been made by the government and development partners to expand
access to potable water in both rural and urban areas, including revising the national rural
water supply strategy and creating the National Agency for Rural Drinking Water Supply
“Agence Nationale d'Approvisionnement en Eau Potable en Milieu Rural” (ANAEPMR).

Under the decentralized framework, municipalities are now responsible for asset
management, local planning, investments, and the operation of drinking water infrastructure
in rural areas, including delegating public water services to private entities. They also
oversee decentralized monitoring of public water services. Meanwhile, the ANAEPMR is
tasked with national project management for rural drinking water infrastructure. As the sole
agency implementing the state’s policies, strategies, and projects in rural water supply,
ANAEPMR’s mission includes initiating, planning, supervising, and monitoring

infrastructure projects (MEEM, 2017).
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2.9.2. Genesis and mission of SONEB

Created in 2003 by Decree No. 2003-203 of 12 June 2003, SONEB is a single-member
public limited company of an industrial and commercial nature with a share capital of one
billion CFA francs and whose corporate purpose is the production and distribution of
drinking water in urban and peri-urban areas, as well as the evacuation and drinking water
in Benin. Since 2003, it has been operating around sixty drinking water systems (DWS)
which supply 69 of the 77 existing municipal capitals, including many small water systems
(SONEB, 2025). Initially, the distribution of electrical energy and water in Benin, from the
period of independence until the end of December 2003, was carried out by a single
company: the Beninese Electricity and Water Company (SBEE). This company has changed
its name several times for various reasons. Indeed, the agreement of 30 September 1955 had
granted the Compagnie Coloniale de Distribution d'Energie Electrique (CCDEE) all the
installations that were under management under management. Under the same agreement,
the CCDEE was also in charge of the supply and distribution of drinking water in Cotonou,

the only city under development at that time.

After the independence of African countries, the CCDEE became successively the
Compagnie Centrale de Distribution d'Energie Electrique (CCDEE) and then the Compagnie
Centrale de Distribution d'Eau et d'Energie (CCDEE). In 1973, the Dahomean State under
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the "Revolution", by taking charge of the vital sectors of the national economy, proceeded
to the nationalization of the Central Water and Energy Distribution Company. And by
Ordinance No. 73-13 of February 7, 1973, the Dahomean Electricity and Water Company
(SDEE) was created, which later became the Beninese Electricity and Water Company
(SBEE). In 2003, at the end of the process of institutional reform of the Beninese Electricity
and Water Company (SBEE), which led to the separation of the two activities "Water" and
Electricity, the Benin National Water Company (SONEB) was created by Decree No. 2003-
203 of 12 June 2003. The Corporation's purpose is the production, transport and distribution

of drinking water and sanitation.

2.9.3. Institutional operation of SONEB

The institutional structure of SONEB reflects its mandate to deliver safe drinking water
while ensuring operational efficiency and financial sustainability. SONEB functions under
the oversight of the Ministry of Water and Mines and operates in accordance with a
performance contract that outlines its objectives and obligations (AfDB, 2015). This
framework provides a balance between operational autonomy and government
accountability. It operates in urban areas. The company has legal personality and financial
autonomy. It carries out its activities in accordance with its Articles of Association and the
laws and regulations of the Uniform Act of the Organization for the Harmonization of
Business Law in Africa (OHADA) relating to the law governing commercial companies and

economic interest groups.
New reform

SONEB has been split into two separate entities: an asset management company and an
operating company. This involves separating the public assets of urban drinking water
supply (AEP) and operation, currently handled by SONEB, by setting up an asset
management company and a company to operate the urban assets under a leasing

arrangement, handled by an urban operator (MEEM, 2017).

The asset management company
Asset management and sector development,
Investment planning and financing,

Project management and construction management,

AR NERNEEN

Communication with the public.
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e The operating company

v" Upkeep and maintenance of generation, transmission and distribution facilities in
urban centers,

v Renewal of electrical and electromechanical equipment,

v' Providing quality service to urban populations.

This reform will help to draw on the expertise of competent players with a view to making
up for any shortfalls in technical skills and appropriate equipment. In the coming months,
these companies will also be accompanied by a regulatory body and a financial model
designed to ensure the sustainability of drinking water services for the people of Benin. The
restructuring of SONEB is intended to create favorable conditions for attracting the private

sector to the water sub-sector, with a view to encouraging a public-private partnership.

2.10. Non-revenue water in Benin

Estimations from the International Benchmarking Network for Water and Sanitation Utilities
(IBNET) indicate that the percentage of NRW in Benin decreased from 30.77% of produced
water in 2010 to 23.6% in 2013 (IBNet, 2024). However, according to SONEB's 2015
activity report, NRW levels worsened, rising from 23.5% in 2014 to 29.8% in 2015
(SONEB, 2016). By 2019, recorded water distribution losses represented approximately 17
million cubic meters, corresponding to an NRW rate of 33%, compared to 32% in 2018
(MEM, 2020). To address this growing challenge, the Government of Benin has
implemented several reforms aimed at enhancing the operational efficiency SONEB. These
reforms initially focused on separating asset ownership from operational management to
improve overall performance (Présidence de la république du Bénin, 2020). The current
reform involves a management contract, attracting experienced water production and
distribution companies, improving various performance aspects, and includes an AfDB
project aimed at reducing water loss and enhancing the sustainability of drinking water
supply systems in Porto-Novo and Cotonou. This project aims to reduce the level of water
production losses (leakages, non-revenue water) from 26% in 2014 to 20% in 2020 to boost
the viability and sustainability of services provided by SONEB and provide rates that

facilitate access to water services for low-income households.
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Figure 14: NRW levels in SONEB at national level
Sources: IBNet (2024) and MEM (2020)

2.11. Mixed method approach

A mixed methods approach combines qualitative and quantitative research methodologies to
provide a comprehensive understanding of complex research problems (Creswell, 2009). This
approach follows a pragmatic paradigm, prioritizing the resolution of research questions by
leveraging the strengths of both methods. Creswell, (2009) explains that mixed methods research
incorporates strategies like sequential, concurrent, and transformative procedures to combine
data effectively. Sequential approaches involve using one method to inform or elaborate on the
other, while concurrent designs gather qualitative and quantitative data simultaneously for
comparison or integration. Teddlie & yu, (2007) argue that this flexibility allows researchers to
triangulate findings, enrich data collection, and address research questions from multiple
perspectives. For instance, researchers may employ stratified sampling to ensure
representativeness in quantitative data and use purposive sampling, such as maximum variation
or snowball sampling, to explore diverse or in-depth qualitative insights (Teddlie & yu, 2007).
Such combinations enhance the validity and richness of the study while maintaining balance
between generalizability and depth. This adaptability supports complex research designs,

offering nuanced interpretations that single-method approaches might overlook.
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3.0.

3. METHODS

Introduction

This study on the effects of NRW on the operational efficiency of public water services in

the Republic of Benin: the case of SONEB in Parakou required the use of quantitative and

qualitative data. The adopted methodology facilitated the assessment of NRW levels,

identification of its underlying causes, and the development of targeted strategies to enhance

SONEB’s operational performance. The research methodology adopted is structured into

three key components: data collection tools and techniques, data processing and result

analysis. This chapter first provides an overview of the study area, then details the various

stages of the methodology used.

3.1.

Overview of the study area
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3.1.1. Presentation of the City of Parakou

3.1.1.1.Geographical location
The commune of Parakou is in northern Benin between the parallels 9°15' and 9°27' north
latitude and the meridians 2°30' and 2°46' east longitude. It is the major city of the Borgou
region and is located 435 km from Cotonou. Parakou covers an area of 441 km2 and has a
population of 255,478 (RGPH 4). It is bordered to the north by the commune of N'Dali, to
the south, to the east and the west by the commune of Tchaourou (Figure 15). Parakou is
home to most of the departmental directorates and the largest infrastructures such as Tourou
airport, the OCBN and the University which makes it the regional capital of North Benin.
As a rapidly growing urban area, the city's water demand has been increasing, putting

additional strain on SONEB's resources and infrastructure (Mairie de Parakou, 2018).

3.1.1.2. Physical environment

e Relief and nature of the soils

The relief of the Parakou commune is a peneplain. This peneplain corresponds to a former
levelling surface with an average altitude of around 350m. It is hilly, with a succession of
ridges, generally with rounded tops. Slopes range from 1.5% to 4% (Mairie de Parakou,
2018).

The Parakou region is characterized from a soil point of view by the predominance of light-

textured, thick soils due to low erosion. The commune of Parakou has three types of soil:

v" Ferruginous soils with iron and manganese sesquioxides, which cover 72% of the
commune's surface area. They cover almost the whole of the commune and come in
various forms, namely concretionary tropical ferruginous soils, leached tropical
ferruginous soils without concretion, indurated tropical ferruginous soils and
impoverished tropical ferruginous soils.

v Ferralitic soils cover 20% of the surface area of the municipality and are therefore
less well represented than the former. They are found mainly in the centre of the

municipality and occupy the most elevated parts of the relief.

Hydromorphic mineral soils or soils with low humus content, which cover 8% of the surface
area of the municipality and are therefore very poorly represented. They are found on slopes,

at the bottom of slopes, in depressions and especially in shallows (Mairie de Parakou, 2018).
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e Climate and hydrography

The commune of Parakou enjoys a humid tropical climate of the Sudanian type,
characterized by an annual succession of two seasons: a dry season that lasts five months,
from mid-October to mid-April, and a rainy season that occupies the rest of the year. The
harsh dry season between December and February is marked by the harmattan (a cold, dry
wind). Rainfall averages 1,200 mm a year, with a maximum between July, August and

September (Mairie de Parakou, 2018).

Temperatures vary from season to season. The hottest periods are usually March and April,
with temperatures of 35°C, while the coolest periods are November, December and January,
with average temperatures of 18°C. Daily temperature variations are considerable, especially

during the harmattan months.
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Figure 16: Monthly precipitation, mean, minimum and maximum temperatures at Parakou
station from 1991-2020

Source: (World Bank Group cilmate data, 2021)

The commune of Parakou has a relatively undiversified hydrographic network. It is divided
by the Okpara and Yéroumaro basins, within which flow temporary watercourses such as
Tiédaro, Sabin-Boura, Wessi, Kabouati and others. The Okpara is the only permanent

watercourse and is located around 12km east of the town. It is itself a major tributary of the

Page |34



River Ouémé. The valleys, which are generally very wide, have flat bottoms and are ideal

for market gardening and fish farming (Mairie de Parakou, 2018).
e Population distribution by districts

Like all of Africa's major cities, Parakou is also experiencing remarkable demographic
growth. This exponential demographic growth is also putting pressure on local water
resources. The population of the commune of Parakou, unevenly distributed across the three
arrondissements (Figure 17), rose from 149,819 in 2002 to 255,478 in 2013 (INSAE, 2013),
with an average annual growth rate of 4.90%. The population is most concentrated in the
first arrondissement of the city of Parakou. According to the fourth general population and
housing census, the first district leads the way with a population of 114558, followed by the
second with 71121. The third district comes last with a population of 69799 (Mairie de
Parakou, 2018).
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Figure 17 Population distribution by arrondissement in the city of Parakou
Source: (INSAE, 2016)

Based on an average annual growth rate of 4.90%, the population of Parakou by 2034 would
be around 701,511, tripling in 21 years with an additional 442,174 inhabitants (PDU
PARAKOU, 2019).
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Table 3: Demographic projections and land needs estimates for Parakou by 2034

Designation | Population | Projected Projected Projected | Projected
in 2013 Population | Population in | Population | Population
in 2017 2018 in 2025 in 2034
Benin 10,008,749 | 10,343,659 | 12,794,155 15,269,534 | 20,960,917
Borgou 1,214,249 | 1,401,765 1,534,379 2,129,156 | 3,244,385
Parakou 255,478 286,694 324,939 455,018 701,511

Source: PDU PARAKOU (2019)
e Economic activities

As the undisputed economic metropolis of the North-Benin region, economic life in Parakou
is dominated by the tertiary sector. Primary sector activities such as agriculture and livestock
breeding (particularly domestic), fishing and hunting account for 30.67% of the city's
working population. Its main industries are peanut oil production and brewing. As far as
agriculture is concerned, it has been in decline since the start of the dazzling spatial
development of the town of Parakou. Livestock farming, less so than agriculture, is also in
decline, dominated mainly by poultry, sheep and goats. On the other hand, the tertiary sector
is expanding. Transportation and commerce are the main activities. The former is boosted
by the city's geographical position, combined with its rail-road link, which has led to the
development of transport activities. This tertiary sector employs most of the working

population, with commercial activities leading the way (30%) (BOPEN, 2008).
e Industry

Benin's second-largest industrial hub, the commune of Parakou is home to several industrial
companies. The most active and visible are : Société de Développement du Coton
(SODECO), Coopérative Béninoise de Matériels Agricoles (COBEMAG), Société
Béninoise de Brasserie (SOBEBRA) and AGRICAL-BENIN (cashew nut factory).
Parakou's industrial potential also lies in the availability of raw materials and, above all, the

existence of a 337-hectare industrial zone.
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e Access to drinking water

Water is used for agriculture and sub-sectors (livestock, gardening and fish farming) comes
from rainfall. Only drinking water is subject to specific works. Drinking water supply is

organized around 3 sectors (Mairie de Parakou, 2018):

» inurban areas, drinking water is supplied by the Société Nationale des Eaux du Bénin
(SONEB). In Parakou, this company exploits water from the Okpara dam. It has a
pumping and treatment center and a water tower. The number of active SONEB
subscribers in Parakou was 17,238 in September 2018. In 1975, the then SBEE (now
SONEB) began operating the Okpara Dam to supply drinking water to Parakou.
SONERB currently has a monthly production capacity of 23,9000m?. Its average daily
production of drinking water is estimated at 7,645m>. But during the rainy season,
consumption falls to 5615m?*/day, while during the dry season it rises to 7546m>/day
(source: SONEB Regional Management). As the population grows, this daily
production is proving insufficient, making it impossible to extend the network to the
new districts. Construction of a new treatment plant and extension of the network are
currently underway, which will reinforce the network and increase the supply of
drinking water in urban areas. These works will extend the network by 316 km, and

will eventually provide a production capacity of 1,800m>/H.

» In rural areas, people are supplied with drinking water by tapping groundwater
through wells and boreholes equipped with human-powered pumps. This service is
provided by the Regional Hydraulics Department. A total of 172 boreholes equipped
with Human Powered Pumps (HPP) and 97 modern wells were counted. These

facilities are spread across all the municipality's districts.

» In addition to the first two systems, access to which requires financial means, part of
the population, both urban and rural, obtains water directly from the marigot or from

artisanal wells.
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To examine the effects of non-revenue water (NRW) on the operations of the national water
utility in SONEB Parakou, Benin, this study employed a mixed-methods approach to data
collection and analysis. Mixed methods research is defined as the sequential or simultaneous
use of both qualitative and quantitative data collection and/or data analysis techniques

(Johnson et al., 2007).

3.3. Types and sources of Data

The study used both primary and secondary data. Primary data were obtained directly from
the
field and secondary data were obtained from reports, journal articles, official websites,

newsletters and other relevant documents.
3.3.1. Primary Data

Primary data were obtained directly from respondents within the study area of Parakou,
focusing specifically on stakeholders connected to the SONEB water utility network. These
data included insights from various groups, such as SONEB staff (including senior
management, branch managers, and factory managers), households reliant on SONEB’s
services. The tools employed for this data collection consisted of structured questionnaires
and semi-structured interviews. Additionally, site visits and direct observations of SONEB's
distribution infrastructure in Parakou were conducted to gain a deeper understanding of the

technical and operational issues on the ground.
3.3.2. Secondary data

Secondary data were obtained from various sources, including both published and
unpublished documents, as well as relevant literature. These sources included operational
and financial data records from SONEB, such as reports on water production, distribution,
billing, revenue and other NRW factors, as well as audits, activity summaries, and strategic
plans. These documents were accessed through libraries, institutional archives, and official
websites of relevant organizations. This diverse range of secondary data provided a
foundational context for understanding NRW challenges and strategies in Parakou and

similar urban areas.
3.3.3. Demographic data

These are quantitative data collected by the Institut National de la Statistique et de I'Analyse
Economique (INSAE). For the most part, they come from studies and from INSAE's fourth
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general population and housing census (RGPH4, 2013). Other specific reports were
consulted at Parakou town hall. This provided us with reliable statistical data. These data

quantitatively express the evolution of Parakou's population.

34. Data collection tools and techniques

This part of the research describes the nature and source of the data collected, the tools and

techniques used to gather field data, and the choice of sample.

3.4.1. Field survey and interviews

3.4.1.1.Design questionnaires

The questionnaires targeted households to capture their perceptions of water service
delivery, challenges, and their role in addressing NRW. Interviews were conducted with
SONEB staff to understand the operational challenges, current strategies for managing
NRW, and potential areas for improvement. These methods allowed for the collection of a
diverse set of qualitative and quantitative data, providing a comprehensive analysis of the
effects of NRW on the operational efficiency of SONEB in Parakou. Questionnaires also

were designed in a way to give answers for the SWOT analysis.
3.4.1.2.Defining the target population

Although there are numerous approaches, sampling procedures in the social and behavioral
sciences are often divided into two groups (probability and purposive) (Teddlie & yu, 2007).
The purposive sampling method was used to select individuals with specialized knowledge
and experience in NRW and water supply management in Parakou. The process involves
identifying experts, such as engineers, maintenance staff, meter readers, the Ministry of
Water and Mines (MEM) and SONEB general management and defining criteria such as
years of experience, specific roles and involvement in NRW management projects.
Purposive sampling techniques are primarily used in qualitative studies and may be defined
as selecting units (e.g., individuals, groups of individuals, institutions) based on specific

purposes associated with answering a research study’s questions (Teddlie & yu, 2007).

For households survey in Parakou, a stratified random sampling method was deemed
appropriate. Stratified random sampling involves dividing a population into strata based on
relevant characteristics, such as geographic location, user type, and socioeconomic status.
For this study, surveys of households focused exclusively on the population connected to

SONEB’s services. This choice was justified by the study’s primary objective, which was to
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evaluate the effects of NRW on SONEB’s operational performance and to propose concrete
strategies to reduce these losses. By targeting only users directly served by SONEB, it was
possible to gather relevant information about their service experience, water consumption,
and challenges related to water management, while avoiding less pertinent data from
unconnected populations. This approach ensured a precise analysis and better alignment of

the results with SONEB’s operational realities.
3.4.1.3.Sampling size

The sample size was determined using the revised Slovin’s formula (Adam, 2020).

n = N
T (1+Nxe?)

(1)
With n: sample size; N: population and e: the margin of error
Population connected =27 500 (DDBA SONEB, 2024); e= 7%

At a level of precision of 7% and a total number of households of 27 500, the ultimate
sample size obtained was 203 households, representing an average of 68 households
per district in Parakou (3 districts). Ideally, the distribution of respondents per district should
have been proportional to the total number of SONEB customers in each district. However,
due to the unavailability of precise data on the number of subscribers per district at the time
of the survey and the time required to obtain this information, it was decided to allocate an
equal number of respondents to each district. This approach ensured a minimum level of
representativity across different areas while considering the logistical and time constraints

of the study.

3.4.2. Direct Observations and Field Assessment

Direct observations were carried out to assess the challenges related to NRW in Parakou’s
water distribution system managed by SONEB. These observations focused on identifying
visible water losses due to leaks, illegal connections, and poorly maintained infrastructure,
as well as evaluating the efficiency of the metering and billing systems. To ensure a
systematic analysis, an observation grid was developed. It allowed for the documentation of
key elements such as pipeline conditions, locations of frequent leaks, functionality of water

meters, and reports of unauthorized connections.
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3.5. Data analysis

Data from SONEB Parakou

To evaluate the extent and the impact of NRW, four performance sectors (Technical,
Financial, Customer, and Institutional) were analyzed, with some selected indicators directly
linked to the impacts of NRW. Technical performance defines the quality of water utility
operations management. Financial performance is measured by how efficiently the
department generates revenue and uses that revenue to cover its operations and maintenance
(O&M) costs. Customer performance measures the water utility's ability to provide its
customers with high-quality water services and (to a much lesser extent) wastewater
treatment services (Van Den Berg & Danilenko, 2014). The purpose of analyzing the data
was to identify the various challenges affecting the performance of the four sectors in
addressing the issues of NRW. Most of the results were expected to be provided by
respondents through questionnaires, while additional data were collected from various

sources, such as SONEB’s activity reports, to fill any gaps.

The following indicators were used to measure the performance of those four sectors, along

with their corresponding formulas.
e NRW Ratio:

This indicator measures the percentage of water produced that does not generate revenue

due to losses or unbilled consumption.

NRW Ratio = 22+ 100 )

vwp

Varw: Volume of Non-Revenue Water
Tvwe: Total Volume of Water Produced
e Water Losses per Connection (WLC):

This measures the average volume of water lost per customer connection, providing insight

into the efficiency of the distribution network.

_ ywi
WLC = —— (3)

VWL: Volume of Water Losses

NC: Number of connections
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e Revenue Collection Efficiency (RCE):

This indicator measures the effectiveness of the billing and revenue collection process.

RCE = ZZ£ 4100 (4)
TRB
TRC: Total Revenue Collected
TRB: Total Revenue Billed
e Service Coverage Ratio (SCR):

This indicator measures the extent to which the water supply service reaches potential

customers.
SCR = ~£4100 (5)
TNPC

NC: Number of Customers
TNPC: Total Number of Potential Customers

» The causes of NRW were identified using a mixed-methods approach. Quantitative
analysis involved correlating pipeline maintenance logs, water losses per connection,
and net yield with technical factors like pipeline age and distribution network design.
Commercial losses were analyzed by examining anomalies in billing and revenue
collection data. Qualitative insights were gathered through interviews with SONEB
staff and field observations of the distribution infrastructure.

» SWOT analysis was conducted using data from interviews with SONEB management,
community feedback, and operational reports to classify challenges into internal and
external categories. This allowed to propose actionable strategies for the improvement
of the operational efficiency of SONEB by reducing NRW.

Data from customers

The data from customers was principally the questionnaire answers. The customers were
grouped based on the district where their reported residences fell. The main parameters

measured in the questionnaire were:

- Frequency of water supply and service interruptions, adequacy of water
availability for daily needs.

- Presence of a water meter and its functionality, accuracy of water bills
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- Satisfaction with SONEB’s services, accuracy and affordability of water
bills

- Awareness of the concept of NRW and water losses, and what they thought
was the main cause of this problem and their suggestions for remedial
action.

- Experience of water service interruptions due to NRW-related issues

- Satisfaction level with the water service provided by SONEB and

suggestions for improving water service provision.

Statistical methods were employed to analyze the relationship between NRW levels and key
operational performance indicators, including service reliability, customer satisfaction, and
financial performance. Descriptive and inferential statistical analyses, such as chi-square
tests, correlation analysis, were conducted using IBM SPSS Statistics 27.0.1, Microsoft
Excel 365, and R-Studio 4.2.3. These techniques allowed for the identification of significant
trends, patterns, and dependencies between NRW and operational efficiency. Additionally,
visual representations, including bar charts, cross-tabulations, and pie charts, were generated

in Microsoft Excel to facilitate data interpretation and highlight key findings.

3.6. Results analysis model
3.6.1. SWOT Analysis

The results were analyzed using the SWOT model (Strengths, Weaknesses, Opportunities,
Threats). The SWOT analysis matrix is an essential tool for decision-making (Zeinali et al.,
2024). It is utilized to assess the organization’s current situation by dividing it into two
contexts: internal and external. The internal context is defined by strengths (S) and
weaknesses (W), while the external context focuses on opportunities (O) and threats (T)
(Schweinberger Bona et al., 2023). This model allowed for an in-depth examination of the
factors influencing the management of NRW and the operational efficiency of SONEB in

Parakou.

e Strengths represent favorable internal factors, such as organizational capabilities,
existing infrastructure, and ongoing initiatives to reduce NRW.
e Weaknesses encompass internal limitations, including insufficient technical,

financial, and human resources, as well as gaps in infrastructure maintenance.
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e Opportunities refer to external factors that could support NRW management efforts,
such as technological advancements, strategic partnerships, and available funding for
system modernization.

e Threats are external factors beyond SONEB’s immediate control, including climate

change, rapid growth in water demand, and regulatory constraints.

The SWOT analysis helps utilities to set up short and medium-term strategies to improve the
efficiency of water utilities (Umutangampundu, 2020). The SWOT model serves as a critical
analytical tool, assessing both the internal strengths and weaknesses affecting NRW
management and the external opportunities and threats that may impact SONEB’s

operational efficiency and service sustainability in Parakou.
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Figure 19: SWOT analysis framework

Source: (Tharanga, 2020)
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3.6.2. Respondents Distribution

SONEB’s staff interviewed
Table 4: SONEB’s staff interviewed

N° Categories Number of target respondents (SONEB
Parakou)
1 General Directorate of SONEB 1
2 Branch manager 1
3 Plant manager 1
4 Maintenance team 4
5 Meter readers 4
6 Billing Manager 1
7 Head of Distribution Service 1
8 The invoice recovery officer 1
9 Head of Commercial Sector 1
10 Head of Technical Service 1
11 Head of administrative
department :
Total | 17

Source: Field survey

Seventeen (17) members of the DDBA staff in Parakou were interviewed, including: Branch
manager, Plant manager, Billing Manager, Head of Distribution Service, The invoice
recovery officer, Head of Commercial Sector, Head of Technical Service and Head of
administrative department (Table 4). It is worth noting that for Maintenance team (04) and

Meter readers (04) respondents filled out the questionnaires that were sent to their office.

Response Rate

The study was able to get response from seventeen (17) respondents from 17 questionnaires

administered to individual field technical staff amounting to a 100% response rate.

Households survey

All the respondents were SONEB customers. The questionnaire consisted of thirty questions.

There were 204 respondents, 68 from each of district (Table 5).
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Table 5 : Distribution of Frequencies and Percentages of respondent by District

1st District | 2nd District | 3rd District | Total
Frequency | 68 68 68 204
Percent 33% 33% 33% 100%
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3.7. Ethical consideration

This study ensured confidentiality in managing the information collected through
questionnaires. Respondents' details were not shared with any third party. Their consent was

obtained before administering questionnaires or conducting interviews.

3.8. Limitations of the Study

This study was faced with several constraints that affected data collection and analysis.

Identification of adequate household respondents was time-consuming, given the fact that a
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mere 9% of the population of Parakou are SONEB subscribers. In addition, language was
periodically a barrier when communicating with respondents. Access to financial
information was difficult due to its confidential nature, thus limiting analysis of NRW-
related revenue losses. The relocation from Cotonou to Parakou (435 km) to increase data
access required logistical adjustments. Despite these difficulties, 17 SONEB personnel were
interviewed and 204 households were surveyed. Data collection adjustments made up for

some of the limitations.
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4. RESULTS AND DISCUSSION
4.1. RESULTS

This chapter presents the key findings of the study, with focusing on assessing the extent of
NRW in SONEB’s water supply systems in Parakou and its impact on utility performance,
identifying the primary causes and contributing factors of NRW, and proposing actionable
strategies to reduce NRW while enhancing operational efficiency. The analysis examined
the Technical, Financial, Customer, and Institutional performance indicators directly linked
to NRW management. The results are structured around the research objectives and
hypotheses, providing insights into the extent of NRW, its causes, and potential strategies to
enhance operational efficiency. This approach ensures a comprehensive interpretation of the

data to address the study's objectives effectively.

4.1.1. Extent of NRW in SONEB’s water supply systems in Parakou and its
impacts on utility performance
4.1.1.1. Extent of NRW in SONEB’s water distribution systems

In attempt to understand the extent of NRW within SONEB’s water distribution system, the
study reviewed the level of NRW for SONEB in Parakou within the past 13 years and the
current level of NRW.
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Figure 21: Non- Revenue Water (%) in SONEB Parakou (2012-2024)
Source: DDBA (2024)
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NRW represents water that has been produced and is ‘lost” before it reaches the customer
(either through leaks, theft or through legal usage for which no payment is made). This
indicator captures not only physical losses but also commercial losses due to inefficient
billing or illegal connections. The NRW rate in SONEB’s water supply system in Parakou
has exhibited a significant and concerning upward trend over the years. As shown in the
(Figure 21) above, NRW started at 0% in 2012 but quickly surged to 16% in 2013 and peaked
at 22% in 2014. This was followed by a temporary decline to 15% in 2015 and 14% in 2016,
suggesting short-lived improvements or fluctuations in network performance. However,
from 2017 onward, NRW generally followed an upward trajectory, reaching 23% in 2017,
dipping to 17% in 2018, and then rising steadily from 24% in 2019 to 29% in 2020. The rate
briefly decreased to 25% in 2021 before a sharp increase to 38% in 2022. While a slight
reduction to 37% was observed in 2023, NRW increased again to 39% in 2024, marking the
highest recorded level. This steady increase in NRW reflects a deterioration in network
management and infrastructure over the years. All four maintenance staffs who responded
estimated that the NRW rate in their area falls uniformly between 31% and 40%. Although
very important parameter of performance, as regards to SONEB in Parakou, there was no
accurate measured data readily available to estimate the amount of water lost in physical
losses and commercial losses. According to the standard set by Water Operators Partnership
Africa (WSP-Africa, 2009), a well performing utility should keep NRW level at 25% and

below. This takes us to the second part of this objective.

4.1.1.2. Impacts of NRW on technical, financial, customer and institutional

performance of SONEB in Parakou and its customer

This section aims to analyze the impact of NRW on the four key performance sectors of
SONEB in Parakou (Technical, Financial, Customer, and Institutional) and its Customer.
Selected indicators directly linked to NRW were examined to assess how each sector is
affected and to identify the main challenges hindering operational efficiency. The analysis
is based on data collected from questionnaires administered to relevant stakeholders and
random households survey, as well as additional information retrieved from various reports

and official documents to fill any data gaps.

Technical performance
For technical management of NRW, six performance indicators were chosen because of the

direct impact they have on the technical efficiency of water utilities. Those indicators include
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Water supply coverage, Non-Revenue Water level, Metering efficiency, the number of

Bursts/leaks and thefts and water quality monitoring (table 6).

Table 6: The Technical Performance of SONEB Parakou

Performance Definition SONEB Parakou
Indicators
1. Water Supply Households connected 92% (Urban area) 2024
Coverage (%)
2. Non-Revenue Difference between water 39% (2024)
Water (%) supplied and water sold (i.e.,
volume of water “lost™)
3. Metering (%) Nbr of connections with 100%

operating meters
4. Bursts and leaks | Nbr of pipe breaks and leaks in | 320 Breaks/year (2024)

Thefts pipelines, Average no. of
Number of Theft breaks/month 27 (2024)
**% 4 frauds (2024)
5. Water quality Physico-chemical **100%
and water quality Bacteriological test
monitoring

Source: DDBA (2024)

SONEB has an urban water coverage rate of 92% in Parakou in 2024. This figure
demonstrates good access to drinking water for most residents, although a portion of the
population remains underserved. However, this high coverage rate is mainly attributed to the
government's project launched in 2018 to strengthen the drinking water supply systems in
Parakou and its surrounding areas, a large part of which has already been completed. The
project includes the construction of a new treatment plant and the ongoing expansion of the
distribution network, allowing SONEB to enhance the network and increase the supply of
potable water in urban areas. These developments also extend the network by 316 km,
aiming to achieve a production capacity of 1,800 m*/h by 2034, ensuring an abundant water
resource for SONEB. Water quality remains a strong point, with 100% compliance with

physicochemical and bacteriological tests, guaranteeing safe drinking water.

As a performance indicator, the metering rate is expressed as the ratio between the number
of connections with operational meters and the total number of connections. SONEB has
achieved a 100% metering rate, meaning that all connections are equipped with meters (the
universal metering rule). Customers connected to the water distribution network have
registered water meters for a single household. However, in some cases, a single meter may

be shared by two or more households residing within the same premises.
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Despite these achievements, NRW has remained high over the past three years, reaching
38%, 37%, and 39% in 2022, 2023, and 2024, respectively. The average annual volume of
NRW is estimated at 5,014.90 m®/day or, 1,830,439m%/ year in 2024. To put this in
perspective, this volume is enough to supply nearly 67 000 people in urban and peri-urban
areas, assuming a per capita consumption of 75 1/day. This issue is most prevalent in urban
areas, where the network has recorded an average of over 300 pipe breaks per year between
2020 and 2024. Additionally, only four (04) cases of fraud have been detected, highlighting
the highlighting the lack of stricter monitoring and enforcement measures. Finally, the
responsiveness of the teams, with an average repair time of 3 hours, remains a positive
aspect. However, the maintenance team’s workforce is insufficient to handle multiple pipes

breaks simultaneously, leaving water leaks unattended for days or even weeks.

Financial performance

The financial performance indicators give insight into the financial discipline of a utility, its
ability to cover operational costs with revenues from tariffs, and the general commitment to
pursue a commercial approach to the provision of a public service. For the financial
performance, other five selected indicators include Collection efficiency, Number of Zero

consumption, Unit cost of production, subsidized water, and service to the poor.

Table 7 : Financial performance of SONEB in Parakou

Performance indicators Definition SONEB Parakou
1. Collection efficiency % of bills paid **50.5% (2024)
2. Operating cost Annual Operational Expenses No budget fpr NRW
coverage ratio Cost of NRW reduction reduction
2,437  milliards de
3. Sales Revenue Annual quantity of water sold F.CFA
' venu ual quantity ot w USD 3,87 million

(2024)

4. Water rates
Subsidized water

Water pricing structure
Government or the rich
subsidize the poor

4 Standpipes

5. Number of zero
consumption

Number of meters not read
during the year

**9056

Source: DDBA (2024)

From the data provided (Table 7), the financial performance of SONEB Parakou highlights

considerable challenges and inefficiencies in water service management, especially in terms
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of revenue collection. With a collection efficiency of only 50.5% in 2024, nearly half of the
billed amounts remain unpaid, which undermines the utility’s capacity to invest in
infrastructure and maintain reliable services. In addition, the lack of a budget allocated to
the reduction of NRW increases financial losses, limiting the investment and maintenance
capacities of the network. Despite a revenue of 2.4 billion CFA francs (3.87 million USD),
the presence of 9,056 meters not read annually suggests a lack of effective control of users'
actual consumption. If we consider that SONEB Parakou’s current revenue of approximately
2.437 billion F.CFA is achieved with a collection rate of 50.5%, then achieving full bill
collection (100%) could nearly double the revenue. In other words, if the company were able
to invoice and collect the entire amount owed, its annual revenue would increase from
around 2.4 billion F.CFA to nearly 4.8 billion F.CFA, significantly improving cash flow and
investment capacity. A higher collection rate would not only facilitate smoother financing
of daily operations but also enable strategic investments in reducing NRW. Key informant
reported that the number of network extensions for low-income communities has dropped to
only four (04) standpipes due to insufficient revenue collection and poor local authority

management.

The SONEB'’s tariff structure is based on monthly consumption brackets, each with
progressively increasing rates. For individual connections, the first bracket (0 to 5 m?) is
billed at 198 F CFA/m?, the second bracket (6 to 50 m?) at 453 F CFA/m?, and consumption
above 50 m? is charged at 658 F CFA/m®. In each case, an 18% VAT is added to the billed
amount. Standpipes and other collective access points have a specific tariff of 330 F CFA/m?
(also subject to the 18% VAT). This increasing block tariff (IBT) pricing structure makes it
possible for the government or the wealthiest to subsidize to the poor. While this progressive
pricing system aims to promote equity by offering lower rates for smaller consumers, key
informant has noted that some customers circumvent the structure by using multiple meters
to stay within the social bracket of 198 F CFA/m®. As a result, SONEB has begun
implementing reforms to address these shortcomings, which include an increase in the social

tariff rate.
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Table 8 : NRW volume between 2020 and 2024 and cumulated cost in SONEB Parakou

NRW (m?/year) Cost value of NRW

Average Averag

Volume Cumulativ |e cost

of NRW | Averag |e volume | of per

(m3/year |e NRW |of NRW | cubic
City 2020 2021 2022 2023 2024 |) (%) (m3/year) |meter |Billions of CFA uUsD
SONEB 926,09 | 865,49 1,518,14| 1,564,00| 1,830,43 XOF $
Parakou 2 2 9 9]1340836| 33.5%| 6704180|483.505 ) 3,241,504,550.90 5,150,150.22

Source: DDBA (2024)

Table 8 presents an estimate of the financial impact of Non-Revenue Water (NRW) on SONEB Parakou, based on an average cost of 483.5 F.CFA
per cubic meter. Between 2020 and 2024, the total value of NRW losses is estimated at USD 5.15 million (3.24 billion F.CFA), equating to an
annual loss of approximately USD 1.03 million (648.3 million F.CFA). These figures highlight the significant financial burden imposed on the
utility due to high NRW levels. If the NRW volume in Parakou were reduced by 50% (367 m?/day), the following benefits could be achieved: (a)
SONEB Parakou could generate an additional USD 515,015 (324.15 million F.CFA) annually, strengthening its financial sustainability; (b) 670,418

m?® of treated water could be redirected to customers each year, improving service reliability; and (c) a substantial number of employment

opportunities could be created to support labor-intensive leakage reduction initiatives.
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Customer performance

For customer performance, the selected indicators include continuity of water supply,
customer complaints, community participation customer satisfaction rate, number of people

served per connection and number of new connections (Table 9).

Table 9 : Customer performance of SONEB in Parakou

Performance Indicators Definition SONEB Parakou
1. Continuity of water supply Average hours of **24 hours
water supply per day
2. Customer complaints Rate of complains. ***9606 registered complains

Complains handling | 844 of complains handling (2024)

3. Community participation Communication Call center
NRW awareness Hotline: None
WhatsApp forum: Yes, with
WUAs
4. Customer satisfaction rate 87%
5.Number of people served per Water services coverage: (number of connections
connection multiplied by 12, average population per connection)

6.Number of connections made of | 887 paid

the number of connections paid for | 552 made.

by subscribers Rate: 62% (2024)
Source: DDBA (2024)

The results showed that SONEB Parakou demonstrates solid performance by providing a
continuous 24-hour water supply, a key factor in customer satisfaction. However, the utility
recorded 966 complaints, of which 844 were resolved, indicating both proactive
interventions and deeper technical issues behind the high complaint volume. Although
SONEB does not have a dedicated hotline or call center, key informants reported that they
use a WhatsApp forum with local Water Users’ Associations to quickly report leaks and pipe
breaks. Broader community engagement on NRW could further reduce losses and improve
overall service. Despite these challenges, SONEB’s 87% (2024) satisfaction rate reflects
generally positive customer perceptions, though additional improvements in complaint

resolution and communication channels would likely enhance service quality.

In terms of water coverage, SONEB relies on a calculation method where each connection
serves an average of 12 people (DDBA, 2024). This formula (number of connections x 12)
helps estimate the overall population coverage. Additionally, there is a 62% rate of actual
connections made compared to those paid for by subscribers (887 paid vs. 552 made),

suggesting potential logistical or resource constraints that delay the final installation of new
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connections. From the interviews conducted with the staff, they reported a shortage of water

meters, preventing the connection of new customers.

Institutional Performance
For the institutional performance, three major indicators which include staff productivity,

capacity building, and institutional and regulatory framework were identified (Table 10).

Table 10 : Institutional Performance of SONEB in Parakou

Performance Indicators Definition SONEB Parakou
1. Staff productivity Total number of employees /1000 | **2.4/ 1000 connections
Connections
2. Capacity building Annual staff training No training in the past 4
years.
3 Water governance Institutional ~ framework  and | Public company
organizational structure No team in charge of NRW

Source: DDBA (2024)

SONEB in Parakou enjoys a solid institutional base as a public establishment under the
supervision of the Ministry of Water and Mines (MEM), but analysis of the organization
chart and interviews with staff reveal major organizational shortcomings affecting its
performance. In fact, two key positions, that of head of the technical department and that of
head of the monitoring and debts department, are currently vacant following the retirement
of the former incumbents, and their responsibilities have been distributed informally within
other departments. This situation has led to a dilution of roles and a loss of the technical and
financial expertise essential for efficient infrastructure management and rigorous revenue
monitoring. The ratio of 2.4 employees per 1,000 connections, while generally acceptable,
is compromised by the absence of these strategic positions, which can undermine the
coordination and efficiency of actions taken to reduce NRW. The report of WSP-Africa,
(2009) stated that normally the international accepted benchmark for water utilities is less
than 6 staff per 1,000 connections. More staff members in the utility means less productivity

and hence poor management especially of NRW (Umutangampundu, 2020).

A key indicator of utility performance on human resource development is the staff training
participation rate, that proportion of staff that have participated in at least one training event.
From the interview conducted with the staff and reviewing the records and documents of
SONEB, it became evident that in the last 2 to 4 years there was not any kind of short-term

or long-term training given to the staff.
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As part of this study, the survey results from network agents and meter readers reveal
significant gaps in the understanding of NRW among field staff. Only half of the network
agents (2 out of 4) fully comprehended the concept of "NRW", and among meter readers,
merely one out of four shows a clear grasp of this term. The remaining respondents tend to
refer to the issue simply as “water losses,” indicating a lack of precise knowledge about

NRW.

Impact of NRW on customers

The triangulation of official data from SONEB in Parakou and the results of the household
survey highlights both points of convergence and divergence with regard to the company's
customer performance. On the one hand, the information gathered from SONEB indicates
that the water supply reaches twenty-four hours a day, which is largely confirmed by the
respondents: over 94% (figure 22), claim to benefit from an almost continuous supply, and
96.6% (figure 23), say they are satisfied with the frequency of distribution. This concordance
underlines the relatively efficient management of supply, since 96.1% of households also

feel that the quantity of water, they receive covers their daily needs.
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Figure 22 : Supply frequency from customers  Figure 23 : Customers satisfaction with the
supply frequency

On the other hand, the response to complaints is more mixed. Although SONEB reports
having handled 844 of the 966 complaints registered, only 47.8% of subscribers consider
that the company responds satisfactorily to reported problems (fig. 24). This is confirmed by
subscribers who have complained to SONEB about a problem. Of the 89 who complained,
only 37 (41.6%) were resolved, while 52 (58.4%) remain unresolved. This low-resolution

rate has a direct impact on customer satisfaction, since 63 (70.8%) of them say they are
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dissatisfied with the handling of their complaints, compared with only 26 (29.2%) who are
satisfied (fig. 25).
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Figure 24: SONEB responsiveness Figure 25: Customers Satisfaction with
according to customers complaint handling

The absence of a hotline or toll-free number reinforces this discrepancy, as customers would
like to have a direct, rapid channel of communication for reporting leaks or malfunctions.
However, the willingness to help improve service remains high: 100% of survey respondents
said they would inform SONEB of any anomaly if a free, easily accessible mechanism
existed. In terms of billing, there is also a difference in perception: while SONEB reports an
overall satisfaction rate of 87%, the household survey reveals that 54.1% claim not to receive

them on time (fig. 26) and 68.1% of users consider their bills to be too high (fig. 27).
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The figure 28 presents the NRW impact perception by SONEB customers. It shows that
40.6% of respondents associate NRW with high water prices, likely due to cost recovery
efforts amid significant losses. Another 39.6% report dirty water as the main issue, which
may result from pipe breakages or contamination due to pressure drops. Additionally, 19.8%
of customers point to insufficient supply as a consequence of physical losses in the system.
These insights reveal that NRW not only affects operational efficiency but also negatively
impacts customer experience in terms of affordability, quality, and reliability of water

services.
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Figure 28 : Perceived Impacts of NRW on SONEB Customers

Finally, in terms of overall satisfaction, both sources agree on a relatively high level, even if
the 87% rate put forward by SONEB remains slightly higher than that found in the survey
(around 80% if we add up “fairly satisfied” and “very satisfied”) (fig. 29). Finally, this
triangulation suggests that SONEB benefits from a large quantity of water resources to
ensure good continuity of service, despite the shortcomings of its infrastructure. However,
SONEB needs to improve its responsiveness, communication and billing management to

fully meet customers' expectations and boost their satisfaction
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Figure 29 : SONEB services satisfaction according to customers

All the interviewed respondents were customers of SONEB (fig. 30). However, due to
inadequate supply, many of them had a supplementary source of water. Such sources

included boreholes and rainwater.
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Figure 30: Household primary water source

In understanding the specific reason why those people use boreholes in addition to SONEB,
we cross-tabulated the person who use boreholes and some other questions such as the
overall services satisfaction, suggested improvement for SONEB and how they think NRW
affect customers. A chi-square test was then performed. The cross-test between the use of
boreholes in addition to SONEB service and the level of satisfaction reveals a statistically
significant association (y* = 22.309, p < 0.001). This result indicates that households using

boreholes tend to be less satisfied with the service, suggesting that these users perceive
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shortcomings in the management and quality of the service provided by the institution.
Furthermore, the cross-tabulation between borehole use and demand for water quality
improvements also shows a strong association (¥*> = 19.090, p < 0.001), showing that
borehole users are more inclined to demand quality improvements, possibly because they
benefit from a perceived superior alternative. When we also examine the Chi-square test
between the use of a borehole and the perception of the impact of the NRW (problems
linked to high tariffs, poor water quality or insufficient supply), we found a significant
association (x> = 9.860; p = 0.007). This means that households with boreholes differ from
those without in the way they experience the negative effects of NRW.

e Borehole users: The majority (51.6%) cite poor water quality ("dirty water") as the
main impact, followed by high tariffs (33%) and, finally, insufficient supply (15.4%).

e Non-users of boreholes: They consider the price too high (46.6%) to be the main
impact of NRW, followed by poor quality (30.2%) and insufficient supply (23.3%).
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4.1.2. Primary causes and contributing factors of NRW in the water

distribution networks of SONEB in Parakou

This section summarizes the study findings on the key causes and contributing factors NRW
in SONEB’s distribution networks in Parakou, addressing the second specific objective of
the research. Generally, physical or real losses and commercial or apparent losses are the
main losses in the water supply system. Respondents were asked to indicate whether these
factors, serving as key indicators of NRW, are present in Parakou. The data collected from
field surveys, interviews with utility staff, households survey, and official SONEB records
converge to illustrate that both physical and commercial factors are markedly evident, while

unbilled consumption further exacerbates the problem.

According to key informants, “the main causes of NRW in SONEB Parakou include leaks in
both trunk and distribution pipelines, ineffective revenue collection due to faulty or non-
functional meters, and unauthorized water consumption. Additionally, the absence of a 24-
hour customer service center and insufficient or inadequate system maintenance were

identified as contributing factors”.

4.1.2.1.  Factors influencing physical losses

At SONEB in Parakou, several interconnected factors significantly influence physical water
losses, which constitute a major portion of NRW. The survey results from meter readers and
maintenance agents indicate that physical water losses are primarily driven by technical and
operational factors. 75% of meter readers identified aging infrastructure, including pipelines
and connections, as a major contributor to losses. Additionally, 75% of respondents reported
that high water pressure, leading to frequent leaks, is a significant cause, although only 25%
mentioned issues related to poor installation. On the maintenance side, all agents confirmed
encountering leaks on a daily basis, and all respondents reported that NRW-related issues
occur very frequently in their day-to-day operations. They reported encountering problems

related to NRW very frequently, with daily experiences of pipe breakages and leaks.

Table 11 presents the number of pipes breaks per between with an average of over 300 pipe

breaks per year 2020 and 2024.
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Table 11: Number of pipes breaks per year.
Source: DDBA (2024)

Years 2020 (2021|2022 | 2023|2024
Pipe burst/breaks | 401 | 356 | 283 | 278 | 320

When asked about the most common points where leaks occur, network agents reported that
leaks frequently happen in distribution pipelines, valves, joints, and service connections. As
part of this study, results from the household survey show that 46.4% of respondents claim
never to have observed pipe breakages, while 45.9% report them as occurring fairly often.

Only a small minority (7.7%) stated that pipe breakages are very frequent.

When asked about the reasons for the high NRW rate between 2022 and 2024 respectively
38%, 37% and 39%, SONEB officials explained that it stemmed from poor-quality pipes
they received toward the end 0of 2021 to connect new subscribers. They reported a significant
increase in service line breaks during that period, which contributed to the elevated NRW

level.

4.1.2.2.  Factors influencing commercial losses.

As defined by the IWA standard water balance, commercial losses include errors in
production and customer metering, unauthorized water use (such as theft or illegal

connections), as well as inaccuracies arising from data transfer and management processes.

1llegal connections and water theft

All respondents (SONEB staff) acknowledged the existence of illegal connections leading
to unauthorized consumption, which significantly contributes to NRW. They reported that
fraud and illegal hookups are frequent, especially in informal settlements where clandestine
connections are widespread. Due to the absence of a comprehensive program for detecting

illegal connections, only four cases of fraud were occasionally identified in 2024.

Fire hydrants represent a significant source of water loss, as they are not equipped with
meters, making it impossible to accurately measure the volumes used. Informants reported
that some firefighter water tankers illegally extract water from these hydrants for resale or

personal use, resulting in financial losses for SONEB.

Meters problem and corruption

Malfunctioning water meters are the most type of cases experienced by all respondents from

the meter’s reader team relating to meter reading inaccuracies and estimations. These issues
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include blocked or malfunctioning meters, unreliable meters, meters that are difficult to
access (covered or obstructed), and tampered or fraudulent meters. They reported frequently

encountering situations where customers prevent them from accessing the meters.
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Figure 31 : Water meters related problem in 2024

The figure 31 above illustrates the various issues encountered with water meters at the repair
service in 2024. The most significant problem reported is stolen meters, accounting for 200
cases, which overwhelmingly surpasses all other issues. Other reported problems include
unreadable meters (18 cases), blocked meters (5 cases), broken meters (11 cases), and
overlapping meters (3 cases). According to informant reports, some stolen meters are not
immediately declared. This delay may be due to customers being away on travel or finding
alternative ways to access water without officially reporting the loss. Some customers
reportedly resort to bribing SONEB agents to prevent disconnection while they make

arrangements to obtain a new meter.

Table 12 provides some information on the services provided by SONEB's technical unit

regarding the repair and replacement of water meters.
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Table 12: Number of customers equipped with water meters and annual number of defective
meters and water meter replacements.

Years | Number of customers Number of faulty or Number of replaced | Rate
blocked meters meters

2020 23,312 121 104 86%

2021 25,057 136 129 95%

2022 26,241 236 190 81%

2023 27,343 285 103 36%

2024 27,500 237 166 70%

Source: DDBA (2024)

Water billing process and meter reading inaccuracies estimations

Discussing water billing processes, the SONEB Parakou has 12 staffs recruited for the
customer meter readings every month. The meter reading circle is divided in two zones. The
first zone starts from the 14th of the month to 23rd of the same month. For the second zone
it starts on 24th of the same month to the 3rd of the next month. Depending on the customer’s
location, meters reader reported that they can read more than 100 meters in a day. The total
customer connections currently are reported to be 27 500 connections giving a meter reader
productivity of 1 person attending 2292 connections. It reported that SONEB Parakou has
registered 9056 of meters not read during the year in 2024. Moreover, although all
subscribers are equipped with a functional water meter, the crucial question remains the
reliability and accuracy of these meters. Metering errors and aging meters are partially
responsible for apparent water losses, negatively impacting the economic balance of the
water utility (Fontanazza et al., 2012). Many water meters were reported to be older than 10

years which also affects their accuracy.

SONEB does not have a database that provides accurate information on the type and
condition of existing meters. The company only replaces meters when they are clearly no
longer functioning. As part of this study, an analysis of survey data from 204 randomly
selected households (customers) across the city revealed that most customer complains to

SONEB were related to the operational status of water meters and billings issues (figure 32).
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Figure 32 : Type of complains frequencies

The monthly water consumptions for the customers with stuck meters were reported to be
estimated from the previous consumptions. This method of estimation can affect both service
providers and costumers. Some household informants reported that they had only received
estimated billing rather than being charged based on their actual water consumption and
some complained that the bills that they get sometimes are not real; they differ from the
meter readings. The household survey reveals also that 68.1% of customers consider their
bills to be too high. Keys informants explain that this discrepancy is due to meter reading
errors and software errors (duplicate billing). They also reported that the verification of

billing errors is only carried out for bills exceeding 50,000 CFA.

Bills collection rate

The annual bill collection rate (figure 33) of SONEB in Parakou has shown significant
fluctuations between 2020 and 2024, decreasing from 57% in 2020 to just 40% in 2021,
before gradually rising to around 50% to 53% over the period 2022-2024. On average, the

collection rate stands at 50.7%, indicating that just over half of the billed amounts are

effectively recovered.
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Figure 33 : Revenue collection rate SONEB Parakou 2020-2024

From the household survey, 54.1% respondents reported that not receiving their bills on
time. The Figure 34 shows that among them 58.9% of respondents experience a 2—4-month
delay in receiving their water bills, making it the most common waiting period reported
(Figure 34). An additional 22.6% indicate a 1-2-month delay, while 16.1% wait 4—6 months.
Informant from SONEB’s staff explained that this is due to delays in the editing and
distribution of bills.
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Figure 34 : Delay in receiving bills.
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4.1.2.3. Institutional factors

Lack of network sectorization

Key informant report that, the distribution network of SONEB in Parakou is not sectorized,
which significantly hinders the effective management of NRW. The absence of sectorization
prevents active leak detection, proper water loss monitoring, and optimal pressure

management within the network.

Lack of reporting mechanisms (Paid or non-existent call center)
SONEB does not have a dedicated call center for managing network-related incidents. Leak
reporting relies entirely on the goodwill of subscribers, especially since the current call

center is a paid service.

Insufficient human resources and institutional limitations

Informant reported that all the SONEB agencies suffer from a shortage of personnel, which
directly affects the responsiveness and efficiency of interventions. Unlike other cities such
as Cotonou and Porto-Novo, where SONEB outsources pipeline repairs to private

companies, in Parakou, these interventions are entirely managed in-house.

Absence of a dedicated team for NRW reduction
Informant reported that SONEB does not have a dedicated staff structure or a fully funded
strategy for NRW reduction. There is currently no specific budget allocated to effectively

reducing water losses.

Lack of a structured program for meter maintenance and replacement

SONEB does not have a structured program for replacing customer meters. A monitoring
and control plan should be implemented, including regular testing of a sample of meters to
determine the optimal age for their replacement. Additionally, the lack of modern equipment
for leak detection, defective meter replacement, and remote metering installation is a major

obstacle to improving NRW management.

Impact of staff turnover on NRW management

NRW management requires ongoing expertise and a consistent approach. However, when
an executive or technician develops in-depth knowledge of the subject, reassignments or
departures often disrupt progress. In most cases, the new team is not adequately trained to

ensure continuity, resulting in a loss of knowledge and a slowdown in efforts to reduce water
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losses. An informant reported that in SONEB Parakou, two key technical positions remain

vacant: the Head of Technical Services and the Head of Monitoring of Unpaid Bills.

4.1.2.4. External factors affecting NRW in SONEB Parakou

Road paving and telecommunications projects

Since 2016, large-scale road paving projects and the expansion of telecommunications
networks have been underway across Benin. These infrastructure developments have
significantly impacted NRW levels in Parakou. The ongoing construction activities often
lead to repeated damage to the water distribution network, causing frequent pipe breaks and
leaks. Between 2016 and 2024, the deterioration of NRW rates has been closely linked to
these infrastructure works, as excavation and road expansion efforts frequently disrupt

underground pipelines.

Water erosion

Water erosion is a significant challenge in Parakou due to inadequate drainage systems, sand
extraction from streets by residents, uncontrolled rainwater runoff, and poor maintenance of
sanitation infrastructure. Additionally, the lack of sufficient trees along roads further
exacerbates soil erosion. The uncontrolled runoff frequently exposes SONEB pipelines,
making them more vulnerable to external damage. Heavy machinery, such as trucks and road
construction equipment, can easily rupture exposed pipes, leading to increased water losses.
Furthermore, fires set to burn accumulated waste near exposed pipelines pose another threat,

as high temperatures can weaken or damage pipes.

Photo board 1: Erosion exposes underground pipes
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Heavy traffic load

Parakou is home to the second-largest industrial zone in Benin, where the transportation of
goods primarily relies on heavy trucks following the discontinuation of railway services. The
vibrations caused by these heavy vehicles significantly impact buried water pipelines,
accelerating their wear and increasing the risk of leaks and bursts. Continuous exposure to
these forces weakens pipe joints and connections, leading to frequent failures in the

distribution system.

Vandalism

The vandalism of water infrastructure is a widespread issue in Parakou. Thieves often target
hydraulic installations, including essential pipeline components and water meters, which are
then resold on the black market. The removal of these critical parts not only disrupts water

distribution but also increases NRW levels by causing unauthorized consumption and leaks.

Photo board 2: Water meter theft and drainage vandalism

Effect of seasonal water consumption

Figure 35 the monthly NRW at SONEB Parakou over the period 2022-2024. The analysis
of the graph shows a significant increase in the NRW rate during the rainy season. Informant
explained that this rise is attributed to a decrease in water consumption by customers, who
use stored rainwater instead. As a result, pressure in the pipelines increases, placing
additional stress on the infrastructure, particularly aging pipes. These older pipes are unable
to withstand the heightened pressure and frequently burst, causing significant water leaks.
This phenomenon explains why the NRW rate is consistently higher during the rainy season

compared to the dry season.
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Figure 35 : Percentage of NRW per month in SONEB Parakou (2022, 2023 and 2024)

Public knowledge of NRW

Most customers of SONEB in Parakou are unaware of the concept of NRW. Among 204
respondents, 96.1% stated they do not know the term, while only 3.9% are familiar with it.
However, awareness of water loss is higher, with 37.2% acknowledging its existence. This
gap suggests that while the technical term "NRW" remains unclear, the issue of water loss
is more recognizable to the public. Future awareness campaigns could focus on the concept
of water loss to help customers better understand the importance of reducing NRW and its

impact on improving public service quality and efficiency.

Population growth

Figure 36 highlights the relationship between the steady increase in the number of
subscribers and the evolution of the NRW rate at SONEB Parakou from 2012 to 2024. While
the number of clients increases steadily, surpassing 27,500 in 2024, the NRW rate also
generally follows an upward trend, reaching nearly 39% over the same period. According to
a study conducted by Pathirane et al., (2024), NRW and consumption are highly correlated
due to pressure changes in water supply networks caused by fluctuating water consumption.

van den Berg, (2015) reported that the higher the population density of the network, the
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higher the water losses. Additionally, a key informant reported that while the network is

expanding, the number of maintenance staff remains unchanged.
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Figure 36 : Trends in customer numbers and NRW rate at SONEB Parakou (2012-2024)
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4.1.3. Strategies to reduce NRW and improve operational efficiency of SONEB

in Parakou, Benin

To propose actionable strategies to reduce NRW within SONEB’s network system, an
analysis of NRW management at SONEB Parakou was conducted to identify key challenges
and explore the solutions proposed by staff members interviewed. A SWOT analysis was
first applied to assess the strengths, weaknesses, opportunities, and threats across four key
sectors: technical, financial, customer care, and institutional. Furthermore, to propose
actionable strategies for reducing NRW at SONEB Parakou, a second SWOT analysis was
conducted for each recommended intervention. This approach allowed for a comprehensive
evaluation of the feasibility and potential impact of each strategy, ensuring that the proposed

solutions align with the utility’s operational realities and long-term efficiency goals.

4.1.3.1. NRW Management at SONEB Parakou

The management of NRW at SONEB Parakou faces several structural, technical, and
organizational challenges that limit service efficiency and lead to significant water losses.
Currently, the approach adopted by SONEB is primarily reactive rather than proactive, with
leak and break repairs only carried out when reported. The lack of a clearly defined NRW
reduction strategy further exacerbates the situation, negatively impacting both the financial

and operational performance of the company.

One of the key issues identified is the absence of a dedicated NRW management team, which
prevents a systematic monitoring of both physical and commercial losses. Additionally, the
distribution network is not sectorized into District Metered Areas (DMAs), making it
difficult to identify high-loss areas and effectively control flow and pressure. The lack of
leak detection equipment and the non-functionality of the network's digital management
system (GMAO) further limit SONEB’s ability to anticipate and resolve NRW-related

issues.

From an infrastructure standpoint, customer meters are rarely replaced despite their age
(many exceeding 10 years), and SONEB currently faces a shortage of new meters for
replacements. Some of the company's customers still use class B meters, which are less
accurate than the more advanced models class C. Without a structured replacement program,
these aging meters increase billing errors and contribute to commercial losses. Furthermore,
illegal connections and fraud are only detected occasionally due to the lack of effective

monitoring.
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The absence of a structured complaint and incident reporting system is another major
challenge. SONEB does not have a fully functional 24/7 call center, which slows down
response times for customer-reported issues. Delays in handling complaints and making
repairs increase water losses and negatively affect customer satisfaction. Additionally, the
average repair time for leaks in the main network ranges from 1.5 to 3 days, while household
connection repairs take between 2 and 7 days, demonstrating a lack of responsiveness and

efficiency in interventions.

To improve NRW management, several urgent actions have been suggested by the
interviewed officials. These include the creation of a dedicated NRW management unit,
strengthening the technical staff and meter reading teams, acquiring leak detection and
replacement equipment (meters, pipes), and establishing a 24/7 call center for reporting
anomalies. Technical teams also recommend the implementation of DMAs, improving leak
reporting systems, and ensuring compliance with standards during new pipe installations. In
terms of billing and revenue collection, establishing a specialized team to track unpaid bills
is essential for improving collection rates and ensuring better financial sustainability for

SONEB.

4.1.3.2.  SWOT analysis for NRW Management in SONEB at Parakou

The Table 13 presents the SWOT analysis of NRW management in SONEB at Parakou. The
SWOT analysis of NRW management at SONEB Parakou reveals significant strengths,
weaknesses, opportunities, and threats that impact the utility’s efficiency. SONEB benefits
from strong government commitment, a legal framework for water resource management,
and a population that generally accepts and trusts its services. The distribution network is
digitized and georeferenced, providing a foundation for better monitoring. However, major
weaknesses hinder effective NRW management. These include aging infrastructure, lack of
essential equipment for leak detection, non-functional network digitization, and the absence
of DMAs. Additionally, the utility suffers from financial constraints, with no dedicated
budget for NRW reduction, an unoptimized tariff structure, and insufficient revenue
collection. On the institutional level, high staff turnover and the dissolution of the NRW
management unit further limit progress. Despite these challenges, opportunities exist, such
as international funding, government support, and potential partnerships to improve
metering, leak detection, and customer engagement. However, external threats such as
climate change, pollution of the Okpara River, and increasing competition from alternative

water sources pose risks to long-term sustainability.
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Table 13 : SWOT analysis for NRW management in SONEB at Parakou

- Progressive
replacement

- Lack of leak detection
equipment

- Possibility of
improving leak detection

Strengths Weaknesses Opportunities Threats
Technical Technical Technical Technical
- People accept - Use of poor-quality - Donors finance new - Pollution of the
SONEB water. pipes. technologies Okpara River
- Digitized and geo- | - Lack of equipment - Existing technical (herbicides,
referenced (meters, pipes, etc.). partnerships and projects | pesticides, chemical
distribution network | - Non-existent DMAS in the water sector. fertilizers).

- Climate change
affecting water

program for — Non-functionality of | and metering with resources.
production meters network digitization modern technologies - Ongoing paving
- Available water - Long response times | (remote metering, project worsens
resources for leak and break pressure sensors, etc.). ENC rate
-Project of repairs.

expansion of 316

km network

Financial Financial Financial Financial

The population is
willing to pay for
water services.

- Government
support exists for
funding the water
sector.

- SONEB holds a
monopoly as the
only potable water
supplier in urban
areas of Benin.

- Tariff structure not
adapted to operating
costs.

- Economic losses due
to inefficient systems
and non-optimized
tariffs.

- No budget allocated
to NRW reduction
-Bills collection too
low

- SONEB is the only
supplier of drinking
water in urban areas in
Benin, enjoying a
monopoly advantage.

- Demographic growth
increases demand for
water and offers
opportunities for
expansion.

- Possibility of obtaining
financing through
international projects

- Existence of Parakou-
Orleans cooperation,
which can support
technical and financial
initiatives.

- Public funding
instability and
budget constraints
in the water sector.
- Rising investment
costs needed to
reduce NRW.

- Severe erosion
impacting
infrastructure
durability.
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Strengths Weaknesses Opportunities Threats
Customer Customer Customer Customer
- Strong - Inadequate Expansion of the customer | - Competition

involvement of
water user
associations.

- The population

communication and
knowledge transfer
with stakeholders.

- Insufficient

base due to urbanization.
- Implementation of an
improved customer service

center (e.g., a free call

from alternative
water sources,
such as borehole

water vendors.

widely accepts personnel to center). - Public ignorance
SONEB’s water effectively cover all - Public awareness on NRW
services. service areas. campaigns to encourage

customers to report water

fraud.
Institutional Institutional Institutional Institutional
- Strong - Insufficient staff for | - Efforts toward - Lack of
government network maintenance | decentralization and sufficient
commitment to and monitoring. involvement of transport and

making access to
potable water a
priority.

- There is a legal
framework in place
for managing water
resources.

- Cooperation
agreements, such as
the Parakou-
Orléans partnership,
support SONEB's

initiatives.

- No dedicated entity
for NRW
management (The
NRW unit created in
2021 was dissolved).
- High staff turnover,
leading to a loss of
expertise in NRW
management.

- SONEB’s network
does not cover all

areas of Benin.

international donors provide
growth prospects.

- Technical and financial
support from partners in the

water sector.

equipment to
expand the
network.

- Climate change
affecting water
resources.

- Government
budget constraints
limiting
investments in
NRW reduction.
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Table 14 : SWOT analysis of enabling factors and challenges for each strategy that can be

implemented.

Strategies

Strengths

(enabling factors)

Weaknesses
(barriers to

Opportunities
(for increasing

Threats (to
the strategy)

implementation interventions

Network
sectorization
and active
pressure
management

Meter
replacement
and
maintenance

Fast leak
detection and
repair

Fighting
fraud and
illegal
connections

Setting up a
call center
and mobile
application to
report leaks

Customer
awareness
and
education
program

4.1.3.3.

- Network partly
mapped - Presence
of areas identified
with high losses

- Knowledge of
areas of high meter
obsolescence -
High social
acceptability

- Existence of
partial network
plans - Raising
customer
awareness of the
need to report
leaks

- Identification of
neighborhoods
with a high
proportion of
illegal connections
- Support from
municipal police
- Customers
already aware of
the importance of
reporting
anomalies

- Strong
willingness of
customers to pay
for quality service
- Involvement of
local associations

- Lack of accurate

real-time data - Lack

of trained technical
staff

- Lack of funding for

large-scale
replacement

- Long intervention
times

- Lack of a
systematic detection
program

- Lack of modern
equipment (acoustic
correlators, 10T
SEnsors)

- Weak control in the

field - Lack of
dissuasive sanctions

- Lack of an
integrated IT
platform

- Limited current
responsiveness

- Lack of suitable
teaching aids

- Lack of a regular
campaign

- Deployment of
pressure sensors
and smart
flowmeters - Use
of GIS for
monitoring

- Installation of
smart meters with
remote reading

- Progressive
pricing to
encourage renewal

- Partnerships with
experts for
technical audits -
Improved
management of
interventions
thanks to GIS

- Digitization of
subscriptions to
limit fraud -
Regularization
campaigns with
financial
incentives

- Development of a
geolocation
application

- Collaboration
with user
associations

- Use of local
media to reach a
wide audience

- Integration into
schools and
neighborhoods

Most context-appropriate strategy for Parakou (short term)

- High cost of
equipment -
Poor valve
maintenance

- Risk of fraud
and illegal
manipulation -
High cost of
high-
performance
meters

- Lack of
budget for
rapid
intervention

- Increase in
breakages due
to urban works
- Resistance
from
fraudsters -
Social conflict
in certain areas

- Low uptake
by the public -
Need for
effective
tracking of
reports

- Difficulty
reaching
certain
disadvantaged
areas - Slow
habit changes

The SWOT analysis of proposed strategies (Table 14) for reducing NRW at SONEB Parakou

reveals a range of strengths, weaknesses, opportunities, and threats that must be considered

when selecting the most context-specific approach. Given budget constraints and the

urgency of reducing losses, leak detection and rapid repair appear to be the most suitable
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strategy. The partial network plans, combined with better staff training and the acquisition
of targeted detection equipment, would allow quick interventions on pipe breaks and help
limit physical losses. This approach is less expensive than a complete network overhaul and
can be reinforced through close collaboration with user associations to report leaks.
Additionally, by gradually integrating sectorization devices and pressure measurement tools,

SONEB could prioritize critical areas and optimize resource allocation effectively.

4.1.3.4.  Effective NRW management model for SONEB Parakou (long term)

According to USAID & World Bank Institute, (2010), only by quantifying NRW and its
components, calculating appropriate performance indicators, and converting lost water
volumes into monetary values can the true extent of NRW be accurately understood and the
necessary corrective measures be implemented. Thus, an appropriate model for managing
NRW should begin with the creation of a dedicated NRW team within SONEB (figure 37).
Such a team would focus expertise and resources on identifying, analyzing, and reducing
water losses by adopting a proactive rather than reactive approach. With a specialized
structure, it would be possible to comprehensively assess all aspects of NRW, whether
technical, commercial, or institutional, and implement targeted measures such as network
sectorization, replacement of faulty meters, or improved leak detection. Additionally, this
team could facilitate coordination between different departments and ensure better
responsiveness to incidents while maintaining continuous performance monitoring.
However, it is essential to ensure that this new structure benefits from a dedicated budget,
tailored training, and strong institutional support to become fully operational. In summary,
establishing a dedicated NRW team is a foundational strategy capable of optimizing water

loss management and strengthening the overall performance of SONEB in Parakou.
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Figure 37 : NRW management framework for SONEB Parakou
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4.2. DISCUSSION

The study revealed that NRW significantly impacts the operational efficiency of SONEB in
Parakou due to a combination of technical, financial, institutional, and customer-related
challenges. The responses from SONEB maintenance staff in Parakou confirm that the NRW
rate consistently falls between 31% and 40%, aligning with the average regional levels
observed across Sub-Saharan Africa. This estimate is consistent with findings from other
studies, such as Zeraebruk et al., (2014), who reported an NRW rate of approximately 40%
in the Asmara water supply system, particularly under conditions of continuous network
pressure. Similarly, Abdu Nasara et al., (2021) found that NRW levels ranging from 36% to
50% in Bauchi State Water and Sewerage Cooperation reflect poor performance and weak
management practices. At 39% in 2024, SONEB’s NRW rate in Parakou mirrors the regional
average of 39% reported by USAID & AfWA, (2015) across 19 African utilities and aligns
with global estimates by Liemberger & Wyatt, (2019), who place average NRW at 35% of
system input volume. The average bill collection rate of 50.7% at SONEB Parakou from
2020 to 2024 reveals a major financial vulnerability, significantly limiting the company’s
capacity to reinvest in infrastructure and NRW reduction strategies. The household survey
and staff interviews indicated that while water availability is stable, issues such as billing
delays (54.1% of respondents), high perceived water costs (68.1%), and slow complaint
resolution (only 47.8% satisfaction) undermine overall service performance. While 40.6%
of respondents associate NRW with high water prices, aligning with NDEGWA, (2016).
observation that many customers link losses to increased tariffs, 39.6% also identified poor
water quality likely due to pipe breaks or pressure fluctuations as a key issue. Interestingly,
only 19.8% cited insufficient supply, suggesting that despite the high level of NRW, most
still receive water regularly. This diverges from findings of NDEGWA, (2016), where
inadequate supply was the primary concern. However, all responses reflect the belief that

NRW directly undermines service affordability and quality.

This study confirms that the causes of NRW in Parakou align with the common challenges
across Africa. As seen in many utilities on the continent, key drivers include aging
infrastructure, frequent leaks, illegal connections, ineffective record keeping systems, water
meter inaccuracies, and inadequate technical skills and technology. These have been
highlighted by several authors (Farley et al., (2008); Frauendorfer & Liemberger., (2010);
USAID & AfWA, (2015); Shushu et al., 2021) Dang Victor et al., (2024) who emphasize

that technical deficiencies and institutional gaps are major contributors to high NRW levels
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in sub-Saharan Africa. In Parakou, additional challenges such as pressure fluctuations,
limited leak detection tools, and fraudulent practices like meter tampering and water theft
further contribute to physical and commercial losses. The lack of a DMA system and modern
leak detection equipment means that leak repairs remain reactive rather than proactive,
despite evidence that 90% of leaks are not visible on the surface (Frauendorfer &
Liemberger., 2010). Studies by Mutikanga et al., (2009) and USAID & AfWA, (2015)
suggest that relying on passive strategies is ineffective for achieving meaningful reductions
in NRW. The institutional challenges further exacerbate these technical issues, particularly
the absence of a dedicated NRW management unit, which was dissolved in 2021, leading to
diluted responsibilities and loss of expertise due to staff turnover. According to USAID &
World Bank Institute, (2010), frequent personnel changes without structured knowledge

transfer result in ineffective NRW management.

The study proposes an integrated NRW reduction model adapted to Parakou’s context. First,
reestablishing a dedicated NRW unit is crucial to coordinate interventions, monitor
performance, and foster interdepartmental synergy, which align with similar recommended
strategy by IWA & State of Green, (2022). Institutional reforms, particularly staff training
programs and structured NRW management strategies, are crucial for sustaining these
improvements. As Kingdom et al., (2006) argued, high NRW levels often indicate weak
governance and inadequate technical and managerial capacities. Second, capacity building
must be prioritized: SONEB should launch regular staff training on leak detection, pressure
management, and billing accuracy. Sewilam, (2011) demonstrated that Cambodia cut NRW
from 72% to 6% over 15 years through internal training. Third, public awareness is essential.
As Lai et al., (2017) showed in Phnom Penh, empowering citizens to report fraud reduces
NRW. Fourth, the integration of digital tools like GIS and smart meters will enhance real-
time tracking and customer interaction. A study conducted by Ornaghi & Tonin, (2021) show
that installing smart meters in households can reduce unmetered water consumption by 15—
30%, as these devices allow water service providers to bill customers more accurately for
their actual usage. Fifth, billing improvements such as automated systems, strict enforcement
against fraud, and a 24/7 call center are needed. (Faber & Radakrishnan, 2020) found that
while firefighters remain unbilled, metering them is still beneficial as it provides valuable
insights into water flow and usage patterns. Finally, public-private partnerships can amplify
results. Companhia de Saneamento Bésico do Estado de Sdo Paulo (SABESP) has

implemented a proactive water loss reduction strategy by hiring local contractors, who
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annually survey about 40% of its 26,000-kilometer network, with payments based on the
length of the network inspected (Kingdom et al., 2006). To reduce bad debts, SABESP
contracted local private firms to negotiate unpaid invoices and collect the agreed amounts in
specific service areas, focusing on domestic and commercial customers while handling
public institutions directly (Kingdom et al., 2006). The contractors were remunerated by
retaining a percentage of the debt collected. Combined, these strategies offer a scalable
framework to improve water service efficiency in Parakou and across similar African

utilities.
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5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1. Conclusion

This research assessed the effects of NRW on SONEB operational effectiveness in Parakou
and examined sustainable ways of reducing it. The results indicated that NRW has been
rising steadily to reach 39% in 2024, which has a great impact on financial sustainability as
well as operational efficiency. Although 94% of the households surveyed reported an almost
continuous water supply, customer satisfaction is undermined by billing inefficiencies, high
perceived expense (68.1%), and tardy bill delivery (54.1%). In addition, SONEB's bill
collection efficiency was a mere 50.7% average from 2020 to 2024, which further

exacerbates revenue losses.

The study identified several underlying factors contributing to NRW, including aging
infrastructure, high leakage rates, illegal connections, and the absence of a dedicated NRW
management unit. Additionally, the lack of network sectorization prevents efficient
monitoring of water losses and pressure regulation. Hydraulic erosion frequently exposes
pipes to damage, leading to more leaks. Pipe breakages due to road construction and
telecommunication works have also contributed to increased water losses since 2016. The
study further revealed that high pressure fluctuations in the distribution system, combined
with inadequate leak detection mechanisms, accelerate physical losses. Fraudulent activities,
such as water theft from unmetered fire hydrants and deliberate meter tampering, further

contribute to commercial losses.

The SWOT analysis of SONEB highlights 92% urban water coverage, 100% metering, and
strong government support. However, aging infrastructure, lack of sectorization, frequent
leaks, and institutional inefficiencies including staff turnover, absence of proactive
maintenance, and low technological investment hinder loss reduction. Opportunities include
smart metering, GIS-based leak detection, and policy reforms, but population growth,
infrastructure damage, and climate change threaten sustainability. These findings led to the
recommendation that an all-inclusive NRW management model should be developed that
highlights the establishment of a special NRW management department, usage of DMAs,
proactive leak detection techniques, the application of smart metering technology, enhanced
billings systems, and institutional strengthening. These interventions, combined with greater
customer engagement and stepped-up enforcement of fraud, are needed to reduce NRW and

maximize service efficiency. The findings offer SONEB a blueprint to enhance operational
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viability while offering lessons for other utilities facing similar NRW challenges in Sub-

Saharan Africa.

5.2.

5.3.

Recommendations

e SONEB should create a specialized NRW unit to oversee leak detection, revenue

protection, and proactive maintenance. This will ensure a structured and data-driven

approach to reducing water losses.

¢ Implement smart meters, GIS mapping, and real-time monitoring systems to improve

billing accuracy, detect leaks faster, and track illegal connections, enhancing both

revenue collection and service reliability as well as the established DMAs.

e Introduce continuous training programs for staff on leak detection, metering, and loss

control. Establish a 24/7 toll-free reporting system to encourage customers to report

leaks and illegal connections, supporting proactive intervention efforts.

Future directions of research

Future research could conduct an in-depth economic analysis (cost benefit analysis
(CBA)) of proposed NRW reduction measures, such as DMAs, smart metering, and
active leakage control, to determine the most cost-effective solutions for water utilities
in low-resource settings.

Future research could also explore pilot projects to test the effectiveness of

recommended strategies in reducing NRW at SONEB.
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7. APPENDIX

Appendix 1 : Questionnaire for Households survey

EFFECTS OF NON-REVENUE WATER ON THE OPERATIONAL EFFICIENCY
OF WATER UTILITY IN THE REPUBLIC OF BENIN: A CASE STUDY OF
SONEB IN PARAKOU

We are conducting a survey to better understand your perceptions and experiences of
unbilled water (technical, commercial and administrative losses) and their impact on the
quality of services offered by SONEB in Parakou. The data collected will be used to assess
operational, financial and institutional performance and customer satisfaction, and to
identify areas for improvement. The survey is completely anonymous, confidential and
will only take 5 to 10 minutes of your time. We also invite you to share this survey with your
relatives, colleagues and anyone living in Parakou. Every opinion counts and will contribute
to formulating recommendations for better water resource management. Your opinion is
important and we thank you in advance for your valuable contribution. The information you
provide will be used solely for academic research and recommendations to SONEB. Your

honest and thoughtful responses are essential to achieving the objectives of this study.

Name of interviewer

ILieu / Location
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Section 1: Service accessibility

1. What is the main source of water used by your household or business? (Select all the

sources you use)
5 Water from SONEB 5 River/Marigot
8 Forage Boreholes/well 6 Rainwater 9 Other
2. Ifit's SONEB water, where is the source connected?
5 In my own home/business 8 In a neighbor's house 5 Other
3. On average, how often do you receive water from SONEB?
5 Once aday d Twice aday
5 Once a week 5 Every other day
8 20 hours/24 hours a day 8 24-hour continuous supply 5 Other
4. s this water reception frequency satisfactory?
5 Yesd No
5. Have you experienced water service interruptions due to breakages/leaks in your area?
5 Yes, frequently 9 Yes, occasionally
5 No never

Section 2: Affordability and reliability

6. What is your average daily water consumption?

% 10-30 litres 0 30-50 litres 3 50-100 litres % 100-150 litres
% Other

7. Is the water consumed in question 6 sufficient for daily household needs?

3 Yes® No
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8. Is your water supply system equipped with a water meter?
5 Yesd No
9. Ifyes, is the meter working?
5 Yes® No 3 Not sure
10. Do you know how much you pay per cubic meter?
5 Yes? No
Section 3: Sufficiency and efficiency
11. Do you think your water bill is too high for your consumption?
5 Yes® No
12. Do you receive your water bill on time every month?
5 Yes® No
13. If not, how long does it take to receive your water bill?
5 1-2month 3 2-4 month 3 4-6 month
8 >6 months 5 Other
14.  Did you know that you can now pay your SONEB bills online?
5 Yesd No
15. Have you ever lodged a complaint with SONEB about water distribution services?
8 Yesd No
16. If so, what type of complaint

6 Water bills 9 Pipe breaks 5 Poor quality of water 5 Blocked meter

8 Other
17. Has your complaint been processed?

% Yesd No
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18. Were you satisfied with the way your complaint was handled?
5 Yesd No

19. Do you think SONEB responds effectively to reports of leaks or other problems?
5 Yes 5 No
Section 4 : Perception on NRW

20. Are you familiar with the term "Non-Revenue Water" (NRW) caused by broken pipes,
leaks and illegal connections suffered by SONEB?

5 Yesd No

21. Did you know that SONEB loses up to half of the water it produces?
5 Yes 5 No

22. How often do you see visible breakage/leakage in your neighborhood?
8 Very common 8 Quite frequent 8 Not at all

23. In your opinion, what are the main causes of water loss in your area? (Select all that

apply)
5 Bursts/ pipe leaks 8 Corruption
5 |llegal connections 5 QOther
24. As a customer, how do you think this affects you?
5 High water prices 9 Inadequate water supply
5 non-clean water 5 Other

25. Would you report water-related problems (leaks, illegal connections, etc.) if a clear

mechanism (free call) were available?
5 Yes 5 No
Section 5: Suggestions

26. How do you prefer to provide feedback to SONEB?
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5 Phone 8 C Courriel 2 In person

8 Through surveys Other
27. How satisfied are you with the water service provided by SONEB?
5 Very satisfied 8 Quite satisfied 5 Not satisfied

28. What improvements would you suggest to improve water service provision? (Select all

that apply)

5 Faster response to problems 5 More accurate billing 2 Improving  water

quality 5 Other
29. Where do you live?

d [stdistrict ® 2nd district

0 3rd district
30. Is it a household or a company?
% Household 8 Business

Appendix 2 : Questionnaire for the director of coordination and exploitation of SONEB

Instructions:
Please answer the following questions clearly and in detail. Your answers will be treated

confidentially and used exclusively for academic purposes.
Respondent's Information:

Name:

Position:

Contact (courriel and/or phone):

Understanding the Current State of NRW Management

1. How do you assess the overall impact of NRW on the operational efficiency and financial
sustainability of SONEB?
2. What are the main operational challenges SONEB faces in reducing NRW in Parakou?
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3. In your opinion, how do current infrastructures and technological systems contribute to
or hinder effective NRW management?

Section B: Strengths, Weaknesses, Opportunities, and Threats (SWOT)
Strengths:

4. What do you think are SONEB’s greatest strengths in reducing NRW?

Weaknesses

5. What are the key weaknesses within SONEB’s organizational structure or processes that
exacerbate NRW issues?

Opportunities

6. What external opportunities, such as partnerships, funding, or technological
advancements, could SONEB leverage to reduce NRW?
Threats

7. What external factors, such as regulatory constraints or environmental challenges, pose
significant threats to NRW reduction efforts?

Section C: Strategic Recommendations

8. In your opinion, what are the most urgent actions SONEB should take to reduce NRW
and improve operational performance in Parakou?

9. What role do you see for advanced technologies, such as smart meters, in improving
NRW management?

10. If additional funds were available, how would you prioritize investments to address

NRW issues in Parakou?

Appendix 3 : Questionnaire for the Billing Manager of SONEB

Theme: Billing Process and Its Impact on the Management of Non-Revenue Water (NRW)

in Parakou

Instructions: This questionnaire aims to understand the billing process at SONEB Parakou,
the challenges encountered, and potential solutions to improve billing efficiency and reduce
Non-Revenue Water (NRW). Please provide precise answers based on your experience and

expertise.
Section A: Billing Process

1. Can you describe the main steps of the billing process at SONEB?
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2. What is the billing frequency applied to customers (monthly, quarterly, other)?
3. Is there a system for verifying or validating the data collected before issuing bills?
Section B: Issues and Challenges of the Billing System /

4. What are the most frequent billing errors (reading errors, inaccurate estimates, meter

failures, etc.)?
6. How are customer complaints regarding billing errors handled?

7. What is the proportion of unpaid or overdue bills? What are the main causes of these

unpaid bills?

8. How are customers with abnormal billing situations (excessive or unusually low

consumption) handled?

9. What is the average time between the reading of consumption and the issuance of

bills to subscribers?
Section C: Impacts on Non-Revenue Water (NRW)
10. In your opinion, what is the impact of the current billing system on NRW?

11. Do commercial losses (fraud, billing errors, unpaid bills) represent a significant part

of NRW?
12. What are the main water meter issues affecting billing and contributing to NRW?
13. Does SONEB have a system to detect irregularities in water consumption?
Section D : Improvements and Recommendations

14. What measures have already been implemented to improve the billing process?
15. What technologies or solutions could be adopted to optimize billing and reduce

NRW?

16. What changes would you recommend improving the accuracy and reliability of the

billing system?

Appendix 4 : Field direct observation pictures

Page |98



Leak from a DN225 Pipe Bursting Beneath
the Asphalt

Visible Water leak on a DN 75 Pipe

Water Pipe Exposed by Hydraulic Erosion
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Leak fro a 400 sefrestrained flat

gasket joint at the Opkara pumping station Water leak on a service connection pipe

exposed by hydraulic erosion
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Appendix 5 : Self matrix evaluation of SONEB

SONEB Parakou
General information
Utility name: SONEB Parakou Country: Bénin
Ownership Government Coverage (national/regional/municipal/city- | City of Parakou (urban

(private/government/municipal/government wide/other): area)

co-owned/private):
Number of cities served (if One

national/regional):

Is there a separate regulatory agency? Yes

Type of service provided:

Water services

Ministére de I’Eau et des

Year the utility was created:

2003

If yes, name of agency:

Mines

Technical information

Service area population:

455,018 (Projected
population in 2025)
source: INSAE
&Projections(PDU
PARAKOU, 2019)

Water services coverage: (number of
connections multiplied by 12, average
population per connection)

Total: 27 563

Annual volume of water produced (m3):

4742701 m3 (2024)

Number of water connections:

Inactive: 63

Total length of water network (km):

748.199km (2024)

Active: 27500 (2024)

Average hours of supply per day:

24 hours a day

Bill collection rate: 50.5 % (2024)

Service to the poor
(standpipes) :04

Page |101




Pumping station capacity utilization

56 %

Number of employees: 65

Permanent employees: 42

Temporary: twenty-three

Nbr Staft/1000
subscribers :2/1000

Number of staff trained/year: 0

Financial information

Is there an asset management plan?

YES

Total annual revenue:

XOF: 2 437 558 209

Is there an established water balance?

YES

USD/m 3: ...

Total expenditure

XOF 30 000 000

Unit production cost: NA

NRW management

Are annual water quality audits carried out?

YES

NRW volume

1,830,439 m3

Is the network zoned DMA?

No

Percentage of NRW: 39% (2024)

No. of breakages detected/year: 320 (2024) No. of breakages
detected/year: 320 (2024)

Average no. of breakages
detected/month: 27 (2024)

Number of frauds/illegal connections
detected/year: 04 frauds

Average time to repair
a detected leak: 3h
(2024)

Number of zero consumption: 9056

Free call center: NO

Number of complaints
received: 966

Number of complaints handled: 844

Rate: 87%

Yes, but we're out of

Is the water produced measured? Yes Is there a program for testing and replacing
customer meters? meters
Are production meters regularly calibrated? Yes Is there a proactive program to investigate No
illegal use?
Is there a functional NRW No Are there pressure reducers in the network? Yes
department/unit?
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Is network pressure measured regularly? Yes Is there active leakage control (looking for No
invisible leaks)?
Is leak detection equipment available? No Is there an information management system Yes

to capture and manage data on leaks,
response times and customer complaints?
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