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ABSTRACT

There is an antagonistic relationship between sustainable
development and water losses. This paper aims to discuss
the impact of water losses in water supply systems on SDG
6, as well as on other SDGs that are (in)directly associated
with water. These relationships were structured based on a
conceptual framework, including water losses, sustainability
and sustainable development, water resource governance,
and the Water-Energy-Food Nexus concepts. The study
is original in presenting a comprehensive analysis of the
influence that water losses exert on the achievement of the
SDGs. The conclusions are that water losses can influence all
SDG 6 targets (in)directly, as well as at least 10 other SDGs.
It is concluded that an expansion of efforts to reduce water
losses is necessary to accelerate sustainable development
and the fulfillment of the SDGs, especially under the current
pressures of climate change.

KEYWORDS: Sustainable Development Goals, Basic sanitation, Water
losses, Water-Energy-Food Nexus, Sustainability.

RESUMEN

Existe una relacién antagdénica entre el desarrollo sostenible
y las pérdidas de agua. Este articulo tiene como objetivo
discutir el impacto de las pérdidas de agua en los sistemas
de abastecimiento de agua sobre el ODS 6, asi como en otros
ODS que estén (in)directamente asociados con el agua. Estas
relaciones fueron estructuradas con base en un marco
conceptual, que incluye pérdidas de agua, sostenibilidad y
desarrollo sostenible, gobernanza de los recursos hidricos y
los conceptos del Nexo Agua-Energia-Alimentos. El estudio
es original en presentar un andlisis integral de la influencia
que las pérdidas de agua ejercen en el cumplimiento de
los ODS. Las conclusiones indican que las pérdidas de agua
pueden influir (in)directamente en todas las metas del
ODS 6, asi como en al menos 10 otros ODS. Se concluye que
es necesaria una ampliacién de los esfuerzos para reducir
las pérdidas de agua con el fin de acelerar el desarrollo
sostenible y el cumplimiento de los ODS, especialmente ante
las presiones actuales del cambio climatico.

PALABRAS CLAVE: Objetivos de Desarrollo Sostenible, Saneamiento
bésico, Pérdidas de agua, Nexo Agua-Energia-Alimentos, Sostenibilidad.
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Perdas de agua e desenvolvimento
sustentavel: relagoes antagonicas

RESUMO

Existe uma relagdo antagbnica entre o desenvolvimento
sustentavel e as perdas de dgua. Este artigo tem como objetivo
discutir o impacto das perdas de 4gua nos sistemas de
abastecimento sobre o ODS 6, bem como em outros ODS que
estdo (in)diretamente associados a 4gua. Essas relacdes foram
estruturadas com base em um arranjo conceitual, que inclui
perdasdedgua,sustentabilidade e desenvolvimentosustentavel,
governanga dos recursos hidricos e os conceitos do Nexus
Agua-Energia-Alimento. O estudo é original ao apresentar uma
andlise abrangente da influéncia que as perdas de d4gua exercem
na concretizacdo dos ODS. As conclusdes indicam que as perdas
de dgua podem influenciar (in)diretamente todas as metas do
ODS 6, assim como pelo menos 10 outros ODS. Conclui-se que é
necessaria uma ampliacio dos esforcos para reduzir as perdas
de 4gua, a fim de acelerar o desenvolvimento sustentdvel e o
cumprimento dos ODS, especialmente diante das pressdes
atuais das mudancas climéticas.

PALAVRAS-CHAVE: Objetivos de Desenvolvimento Sustentavel,
Saneamento bésico, Perdas de 4qua, Nexus Agua-Energia-Alimento,
Sustentabilidade.

Pertes d'eau et développement durable: des
relations antagonistes

RESUME

Il existe une relation antagoniste entre le développement
durable et les pertes d’eau. Cet article vise a discuter de I'impact
des pertes d’eau dans les systémes d’approvisionnement en eau
sur I’ODD 6, ainsi que sur d’autres ODD qui sont (in)directement
associés al'eau. Ces relations ont été structurées sur labase d’'un
cadre conceptuel, incluant les pertes d’eau, la durabilité et le
développement durable, la gouvernance des ressources en eau
et les concepts du Nexus Eau-Energie-Nourriture, Uétude est
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originale en présentant une analyse compléte de I'influence
que les pertes d’eau exercent sur la réalisation des ODD. Les
conclusions indiquent que les pertes d’eau peuvent influencer
(in)directement toutes les cibles de I'ODD 6, ainsi quau moins
10 autres ODD. 1l est conclu quune expansion des efforts
pour réduire les pertes d’eau est nécessaire pour accélérer le
développement durable et la réalisation des ODD, surtout sous
les pressions actuelles du changement climatique.

MOTS-CLE: Objectifs de Développement Durable, Assainissement de
base, Pertes d'eau, Nexus Eau-Energie-Nourriture, Durabilité.

Perdite d'acqua e sviluppo sostenibile:
relazioni antagoniste

SOMMARIO

Esiste una relazione antagonista tra lo sviluppo sostenibile e
le perdite d’acqua. Questo articolo mira a discutere I'impatto
delle perdite d’acqua nei sistemi di approvvigionamento
idrico sull’Obiettivo di Sviluppo Sostenibile (0SS) 6, cosi
come su altri 0SS (in)direttamente legati all’acqua. Queste
relazioni sono state strutturate su una base concettuale
che include le perdite d’acqua, la sostenibilita e lo sviluppo
sostenibile, la governance delle risorse idriche e i concetti
del Nesso Acqua-Energia-Cibo. Lo studio & originale in
quanto presenta un’analisi completa dell’influenza che le
perdite d’acqua esercitano sul raggiungimento degli OSS.
Le conclusioni indicano che le perdite d’acqua possono
influenzare (in)direttamente tutti gli obiettivi dell’0SS 6,
oltre ad almeno altri 10 0OSS. Si conclude che & necessaria
un’espansione degli sforzi per ridurre le perdite d’acqua, al
fine di accelerare lo sviluppo sostenibile e il raggiungimento
degli 0SS, specialmente sotto le pressioni attuali del cambia
mento climatico.

PAROLE CHIAVE: Obiettivi di Sviluppo Sostenibile, Servizi igienico-
sanitari di base, Perdite d'acqua, Nesso Acqua-Energia-Cibo, Sostenibilita.
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Introduction

Water losses in water supply systems (WSS) are an ob-
stacle to urban sustainability. WSS, which consumes
significant water resources, includes infrastructure and
services to fulfill multiple demands, such as domestic
and industrial consumption™. Water losses are defined
as the difference between the total volume distribut-
ed and the authorized consumption, which can be real
(physical losses) or apparent (unauthorized consump-
tion or inaccurate measurement)?.

WSS can have three different water losses levels of
water loss. The first is the current level of water losses,
where these cause financial loss to the provider. The
second is the economic level of water losses, where
there is no longer any benefit in reducing losses due
to the ratio of the cost and receipt for distribution of
treated water at this level of loss. Finally, there is the
unavoidable level of water losses, where regardless
of the financial resources available to reduce water
losses, it is impossible to reduce them beyond this
level. Each WSS has its own unique characteristics
and, as a result, each will have a different set of water
loss levels®.

To illustrate some of the results produced by water
loss issues, a study aimed at quantifying the impacts
arising from various levels of water loss. The study*
indicate that if the global volume of non-revenue water
(NRW) were reduced by only one-third, the savings
could be sufficient to supply 800 million people, assum-
ing a per capita consumption of 150 liters per day. They
further note that numerous countries lack any data on
water loss indicators, or, at best, provide no reliable
information. According to the authors, the Interna-
tional Benchmarking Network for Water and Sanita-
tion Utilities (IBNET) remains the only global source
for NRW data. The study results reveal a considerable
gradient in water loss levels among different countries.
Nations with the lowest water loss rates include Aus-
tralia and New Zealand, with values around 36 liters
per capita per day, while the highest levels are seen in
the Pacific Islands, at 211 liters per capita per day. Gen-
erally, the findings suggest that countries with lower
water availability and higher economic development
tend to exhibit lower water loss rates.

T Nathanson, 2023.

2 Lambert; Hirner, 2000.

# Moslehi; Jalili-Ghazizadeh; Yousefi-Khoshqalb, 2021.
4 Liemberger; Wyatt, 2019.
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In addition to the variations among countries,
water loss levels also differ significantly within regions
of the same country, as illustrated by the case of Bra-
zil, a country with continental proportions. In Brazil,
2022 data indicated a national water loss rate of 37.8 %,
while the state of Goids in the Midwest region showed
arate of 28.5 %. In contrast, Amapad in the North region
had a notably high rate of 74.8 %. Thus, it can be
inferred that within Brazil, regions with higher water
availability and more limited economic conditions
tend to have higher water loss levels. However, there
are also cases where regions with low water availabil-
ity still experience high water loss rates, particularly
those with low economic potential, as in the North-
east region. Moreover, in some areas of the Southeast,
where water availability is low and economic potential
is high, water loss levels nonetheless remain elevated®.
This scenario highlights the importance of aligning
water governance practices, especially for a country
like Brazil, of continental proportions, with the United
Nations (UN) Sustainable Development Goals (SDGs).
It demonstrates the relevance of highlighting in more
depth the problems associated with the existence of
water losses, especially for countries, like Brazil, where
the entire population does not yet have access to water
supply services.

Since the 1990s, sustainability has been a global
issue, evolving from new technologies, programs and
information. The UN Millennium Declaration in the
early 2000s aimed to reduce extreme poverty through
the Millennium Development Goals. Currently, the
SDGs agenda aims to eradicate poverty, protect the
environment and promote peace and quality of life by
2030° Water is fundamental to these goals, driving the
development of more efficient and sustainable water
management practices’.

The SDGs consist of 17 goals, 169 targets and 232 indi-
cators, which serve to measure progress towards these
goals®. The indicators are useful tools for identifying
areas that need more attention at different levels -
local, regional, national and international. While dif-
ferent stakeholders may focus on specific targets, the
success of all the goals is in the interest of all nations®.
This requires a multidimensional and cross-border

5 Brasil, 2023.

¢ United Nations (UN), 2015.

" French; Kotzé, 2018.

8 UN, 2015.

9 Leite; Soares; Espindola, 2023.
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approach, involving politicians, businesses, academia
and civil society™.

A relevant chapter' conducts a qualitative assess-
ment of the relationship between the SDGs and water,
broadly distinguishing between direct and indirect
connections. Water has a direct relationship with SDGs
6,14, and 15, while its relationship is indirect with SDGs
2,3,7,9,11, 13, 16, and 17. Additionally, several chal-
lenges and gaps that hinder the successful achievement
of the SDG targets are discussed, along with the various
ways in which water influences these goals.

Water is essential for sustainable development,
contributing to poverty reduction, economic devel-
opment and environmental sustainability. It is intrin-
sically linked to food production, energy generation
and environmental health. The success of SDG 6 is
vital for the other SDGs, since inefficiency and lack
of water and sanitation affects well-being, health and
economic activities'?. Sustainable water and sanitation
management depends on the participation of civil soci-
ety, integrated policies, public and private investment,
education and the inclusion of science®. This success
requires ecosystem and political-social transforma-
tions, directly impacting other SDGs". Protecting water
resources through native forest helps SDG 13 by storing
carbon and SDG 15 by supporting biodiversity. SDG 6
influences SDGs 2 and 11, as food production depends
on water availability and sustainable cities require effi-
cient water management®.

The sustainability of water for its use as a resource is
threatened by five factors', which are simultaneously
and intrinsically related: 1. extreme climatic events,
such as floods and droughts, caused mainly by climate
change and anomalies; 2. intense population growth; 3.
rapid and extensive urbanization, often disorganized;
4. the emergence of megacities, which often require
services that are beyond their carrying capacity; 5.
aging and outdated infrastructure in the systems that
use and transport water. To ensure water sustainabil-
ity, cities and systems dependent on water resources
must become more resilient through structural and
non-structural actions, promoted by local governments

0 Malay, 2021.

" Alam, 2024.

12 Sadoff; Borgomeo; Uhlenbrook, 2020.
3 Mulligan et al., 2020.

" Sadoff; Borgomeo; Uhlenbrook, 2020.
15 Mulligan et al., 2020.

16 Dj Vaio et al., 2021.
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and civil society'”. Water governance must consider
external pressures that threaten water sustainability
and promote means to increase local resilience®®.

Another relevant study', structured similarly to
this, examines the relationships between NRW and the
SDGs. In this study, the authors explore connections
with all targets of SDG 6, as well as with other SDGs
impacted by water loss, particularly SDGs 3, 7, 8, 9, 11,
12, 13, 14, 15, 16, and 17. The study categorizes these
connections into direct and indirect links and evalu-
ates their level of influence, ranging from 1 to 3. The
authors also present relevant discussions on the influ-
ence and relationship between NRW and the SDGs and
their targets, drawing upon multiple significant refer-
ences. Although the study does not directly develop
the concept of the Water-Energy-Food nexus, its entire
discussion is structured around this foundational idea.

This study aims to analyze the importance of water
for sustainable development, focusing on the relation-
ship between water losses in WSS and SDG 6, as well as
other SDGs impacted by these losses. The study seeks to
contribute to this relationship, which remains under-
explored academically. Additionally, it aims to broaden
the interpretation of the Water-Energy-Food Nexus by
examining the impact of water losses in supply sys-
tems and how these losses interact with the energy and
food sectors, thus expanding the nexus concept even
further.

The role of water in
sustainable development

The importance of water for human consumption,
food production, aquatic life, production chains and
electricity generation, among others, is widely recog-
nized. There are various approaches to studying these
complex interactions with water. In the context of sus-
tainable development, it would be simplistic to assign a
value to water, a crucial resource for the sustainability
of the biosphere. However, the discussion in this re-
search is essentially from the perspective of the Water-
Energy-Food Nexus.

Water, food/materials and energy are intrinsically
linked: water is needed for energy production and

7 Bayard; Luna, 2024.
'8 Organisation for Economic Co-operation and Development (OECD), 2015.
19 AbuEltayef; AbuAlhin; Alastal, 2023.
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transportation; energy is needed for water collection,
treatment and distribution; food production, transpor-
tation and distribution require energy and water. This
arrangement, known as the Water-Energy-Food Nexus,
implies that actions in one domain affect the others. The
Nexus intensifies as demand for resources increases due
to population growth and changing consumption pat-
terns. Global trends, such as climate anomalies and ter-
ritorial conflicts, limit the capacity of current systems
to meet demand in a secure and sustainable way. Thus,
security in one domain contributes to security in others,
as does insecurity®,

The Water-Energy-Food Nexus highlights the indis-
sociability of water, food and energy. This interconnec-
tion represents the evolution of scientific understanding
towards integrated management of the different sec-
tors. Indissociability is characterized by the identifica-
tion of relationships between essential natural resource
sectors and meticulous planning to maximize efficiency.
Recently, the Nexus has been given a broader gover-
nance approach to ensure the sustainability of the nat-
ural resources linked to it. This governance approach is
applied in various sectors related to the Nexus, includ-
ing air pollution control, reducing biodiversity loss, mit-
igating climate change, containingdisease transmission
and invasive species and managing water resources. The
SDGs are a practical example of this governance, as their
targets for signatory countries favor the efficient appli-
cation of the Nexus?..

Water security, alongside energy and food secu-
rity, is essential for achieving sustainable development
globally, as these resources are deeply interconnected.
Effective governance requires science-based decision-
making to address natural resource limits and to lever-
age technological advances that can expand these
limits. Strengthening each sector —whether water,
energy, or food— enhances the resilience of sustainable
development. Achieving this resilience depends on
reducing water losses and improving efficiency across
all production chains. Consequently, managing these
resources effectively is key to ensuring sustainability
worldwide.

An example of successful implementation of tech-
nologies and methodologies aimed at maximizing
water supply in the face of existing demand is Singa-
pore. Singapore is a small, densely populated tropical

2 Samberger, 2022.
21 Yuan; Lo, 2022.
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island. While rainfall is abundant, Singapore is consid-
ered a water-scarce country due to the limited land
area available for water catchment, the lack of ground-
water resources, and a growing population. Singapore
ensures the highly sustainable production of treated
water through a holistic approach that combines water
source diversification, efficient demand management,
and reduction of water losses, known as NRW. The
country has implemented advanced technologies, such
as desalination and the use of reclaimed water (NEWa-
ter), which together are expected to meet up to 85 %
of its water demand by 2060. Furthermore, Singapore’s
Public Utility Board (PUB) enforces strict infrastructure
monitoring and maintenance programs to minimize
water losses, which stood at 5.6 % in 2018 —one of the
lowest rates globally—. This combination of innovative
technologies and proactive management allows Singa-
pore not only to meet its water demand but also to posi-
tion itself as a model of sustainability in water resource
management®.

Water losses and (in)sustainability

In hydrology, water flows in a closed cycle with an
invariable quantity on a large time scale?. However,
water quality, which is crucial for water security, is cur-
rently deteriorating. After its first use by humans, and
even after treatment (at least conventional treatment),
the quality of water decreases successively with each
new use?, To fully meet its uses, water must be in satis-
factory conditions of quality and quantity®.

With the expanding knowledge of new pollutants
that pose potential risks to human health, increased
water demand, limited availability in various regions,
and the reduced costs of advanced treatment tech-
nologies, potable water reuse is becoming more com-
mon worldwide. However, despite decreasing costs,
advanced treatment remains considerably more expen-
sive than conventional treatment. Given this, losing
advanced-treated water could further distance systems
from sustainability goals. It is therefore essential to
minimize water losses, particularly when production
processes are costly, to support the sustainability of

22 Susantono; Li, 2021.
2 Singh, 2017.

% Cheng et al., 2022.

% Castelletti et al., 2014.
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the various resources and production chains involved
in water treatment?.

All natural resources are subject to market logic,
including water. Water management varies globally,
depending on the legal structures of each state. In Brazil,
for example, the Participatory Integrated Assessment
is adopted, characterized by a systemic management
structure and the adoption of three instruments: stra-
tegic planning by river basin; decision-making through
multilateral and decentralized releases; and the estab-
lishment of legal and financial instruments?. Legally,
in Brazil as example, water supply has preference in
the use of water resources in conditions of low avail-
ability and high demand, as well as in critical events?.
However, this preference may not be beneficial for the
population in the medium and long term, in a wider
context. This dynamic can discourage WSS from seek-
ing operational improvements (reducing water losses),
moving them away from sustainability.

Water losses in WSS can have impacts that extend
beyond the systems themselves, generating chain reac-
tions that transfer these impacts to a regional, and con-
sequently: global scale. This stems from the nature of
the inputs used in all the processes to supply treated
water. To reverse or reduce this condition, it is pru-
dent to focus on the treated water industry, to make it
capable of operating with the most closed cycle possi-
ble, increasing its capacity to operate sustainably and
autonomously?.

Methodology

To evaluate and discuss the relationships between wa-
ter losses and the SDGs, and additionally the impact of
water losses on the Water-Energy-Food Nexus, a com-
prehensive literature review is necessary. This review
should encompass all SDGs to assess which ones relate
to water and water losses within supply systems. Sup-
porting materials include articles and reports from the
UN, SDG documents, scientific articles on the topic, and
evaluations of databases such as the UN SDG Indica-
tors Database®, the World Bank’s World Development

% Sim; Mauter, 2021.
27 Villamor et al., 2022.
28 Brasil, 1997.

2 Kusterko et al., 2018.
30 UN, 2024.

Aguay Territorio, 29 - pp. 175-189 - Enero - Marzo 2026 - Universidad de Jaén (Espaiia)

Indicators®!, the IBNET??, and the Brazilian National
Sanitation Information System (SNIS) *.

Virtually all the references used in developing this
study were crucial for building the conceptual frame-
work, providing support for the study’s evaluation
and discussion. The references contributed to the fol-
lowing topics: databases; water loss in supply systems;
concepts, challenges, and assessments of water gover-
nance; the Water-Energy-Food Nexus; and the Sustain-
able Development Goals.

Based on a subjective assessment of various data-
bases, along with a conceptual framework that addresses
the nature of water losses, the functioning of supply
systems, the concepts, challenges, and assessments of
water governance, and the Water-Energy-Food Nexus,
it became possible to develop more structured and well-
founded discussions to trace the relationships between
water losses and the achievement of the SDGs.

Following this framework, the present study adopts
an inductive method. It assesses the individual charac-
teristics resulting from water losses in supply systems
and their global implications, relevant to all supply
systems. This method relies on observing and ana-
lyzing specific cases to build a broader understand-
ing of the impact of water losses based on concrete
examples and data. Through this approach, patterns
can be identified, and relationships proposed between
water losses, the Water-Energy-Food Nexus, and the
fulfillment of the SDGs, allowing generalizations to be
drawn from observed particularities in different sup-
ply contexts.

The choice of the inductive method is due to the
study’s exploratory nature, which seeks to outline rela-
tionships and understand impacts without relying on a
predefined hypothesis. Rather than proving a specific
theory, the inductive approach allows for the obser-
vation of real data on supply systems and their water
losses, from which broader conclusions applicable to
various contexts can be drawn. This process is essential
for capturing the complexity of the phenomenon under
study, as inductive analysis enables understanding the
repercussions of water losses based on evidence gath-
ered and contextualized throughout the study.

The discussion focuses on qualitative issues regard-
ing the impacts caused by water losses, without covering

3" World Bank Group (WBG), 2024.
32 Danilenko et al., 2014.
33 Brasil, 2024.
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quantitative influences. For the purposes of the analy-
sis, the influences associated with SDS and water losses
under the unavoidable level of water losses were con-
sidered. Although the assessment from economic level
makes more sense to establish a state of sustainability
for the supply system, the unavoidable level can address
broader issues linked to global sustainability, which is
the focus of the proposed assessment. Relationships
identified between water losses and the targets of SDG
6,aswell as SDGs 1, 2,3, 7, 9, 11, 12, 13, and 15, were dis-
cussed. Additionally, the main progress points recorded
or the current status in 2023, as noted in the UN report™,
were presented.

Results and Discussion
The relationship between water losses and SDG 6

The UN* presents the proposed SDG Agenda. Of the 17
goals, SDG 6, which deals with clean water and sanita-
tion and aims to ensure the availability and sustainable
management of drinking water and sanitation for all, is
subdivided into 8 targets:

6.1: By 2030, achieve universal and equitable access
to safe and affordable drinking water for all. 6.2: By
2030, achieve access to adequate and equitable san-
itation and hygiene for all and end open defecation,
paying special attention to the needs of women and
girls and those in vulnerable situations. 6.3: By 2030,
improve water quality by reducing pollution, elim-
inating dumping and minimizing release of hazard-
ous chemicals and materials, halving the proportion
of untreated wastewater and substantially increasing
recycling and safe reuse globally. 6.4: By 2030, sub-
stantially increase water-use efficiency across all sec-
tors and ensure sustainable withdrawals and supply
of freshwater to address water scarcity and substan-
tially reduce the number of people suffering from
water scarcity. 6.5: By 2030, implement integrated
water resources management at all levels, includ-
ing through transboundary cooperation as appropri-
ate. 6.6: By 2020, protect and restore water-related
ecosystems, including mountains, forests, wetlands,
rivers, aquifers and lakes. 6.a: By 2030, expand inter-
national cooperation and capacity-building support to

% UN, 2023.
% UN, 2015.
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developing countries in water- and sanitation-related
activities and programmes, including water harvest-
ing, desalination, water efficiency, wastewater treat-
ment, recycling and reuse technologies. 6.b: Support
and strengthen the participation of local communities
in improving water and sanitation management.

The implementation of the 2030 Agenda, gover-
nance by goals, has unique and common characteristics
for its success. There is also synergy between the SDGs,
and SDG 6 stands out as one of the central objectives in
the synergy axis. The existence of water losses around
the world is characterized as a variable capable of hin-
dering or delaying the success of the targets for SDG 6
and the other SDGs that are synergistic.

Water losses have the potential to negatively influ-
encealmost the entire performance of the Agenda, which
is strongly based on promoting resilience (so that var-
ious WSS can overcome various pressures exerted on
societies and the environment)*. This is because ineffi-
ciency, losses and wastage of resources create distanc-
ing between meeting targets and promoting sustainable
development. Thus, water losses prevent systems (cities
and river basins) from developing a state of resilience
and, consequently, from operating sustainably®, devi-
ating from the success proposed by the Agenda’*.

According to the UN*, the postulate for meeting SDG
6 is: Billions of people still lack access to safe water, san-
itation, and hygiene, despite improvement in the provi-
sion of these basic services. Water scarcity is a growing
problem in many parts of the world, and conflicts and
climate change are exacerbating the issue. In addition,
water pollution is a significant challenge which affects
both human health and the environment in many coun-
tries. Achieving universal coverage by 2030 will require
a 6-fold increase in current global rates of progress on
drinking water, a 5-fold increase for sanitation, and an
8-fold increase for hygiene. Boosting infrastructure
investment, improving cross-sectoral coordination,
and addressing climate change are key to getting SDG6
back on track.

Table 1 shows the relationship between meeting the
targets of SDG 6 and the influence that WSS have within
their context of water losses for systems that are not at
the unavoidable level of water losses, the target for all

% Assarkhaniki et al., 2023.
%7 Bayard; Luna, 2024.

3 Kumar; Mehany, 2022.

3 UN, 2023.
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Table 1. Relationship between the influence of water losses on the different SDG 6 targets and progress made by 2023

TARGET  INFLUENCE OF WATER LOSSES UN REGISTERED PROGRESS OR STATUS (2023)

6.1 In many regions, significant conflicts arise over water use due to its local availabil- * 2,2 billion without safe drinking water.
ity®. These conflicts are intensified by water losses, which necessitate immediate * 3,5 billion without safe sanitation.
adjustments to the water supply regime. With substantial water losses, particularly * 2,0 billion without basic hygiene.
in developing countries, achieving water access goals becomes challenging®. Water * Decrease in unserved population in rural areas and
losses lead to reduced revenues for suppliers, diminishing their financial capacity to stagnation in urban areas. .
invest in infrastructure expansion and improvements to ensure access for those who ~ *A 5 to8-fold increase in the current rate is needed for
still lack it. universal coverage by 2030.

6.2 Water losses generate a deficit for companies, limiting their investments to guarantee
access to sanitation now and in the future. Hygiene standards vary according to the
culture of each country and the household structures of different social classes®,
making this aspect more challenging for companies that must at least provide access
to the hygiene-promoting resource: treated water®. In addition, companies must
collect and treat water after domestic use in order to maintain better quality water
sources, protecting the environment and reducing the costs of treatment processes*.

6.3 In surface water catchment systems, water losses result in the need for higher catch- * 58 % of domestic wastewater safely treated by 2022.
ment, reducing the immediately available flow. If these flows were higher, they could * Little or no progress towards halving unsafe dumping
withstand greater loads of pollutants without necessarily degrading water resources, by 2030.
according to legal definitions for the discharge of treated effluents. With lower flows,
wastewater treatment must be more efficient and therefore more expensive. Developing
countries, which tend to have higher rates of water loss, face difficulties in building and
operating treatment plants that guarantee effluent quality at the appropriate envi-
ronmental levels*. Often, the same company is responsible for both the distribution
system and the collection and treatment system. This makes it possible for the revenues
obtained from the supply service to be used to expand and improve the wastewater
collection and treatment service. Therefore, water losses have an impact on the capacity
to invest in wastewater treatment systems.

6.4 Reducing water losses in WSS to unavoidable levels would lead them to the greatest pos-  * Water use efﬂcigncy increased from US$ 17,4/m* in 2015
sible efficiency. This would result in a substantial reduction in spending on inputs, which 10 uss 189/m?in2020. ,
are often non-renewable, with complex, costly and impactful chains, and on energy. In * 57 % of countries had efficiency of US$ 20/m?° or less in
addition, it would increase water availability, promoting greater supply capacity and re- 2020, compared to 58 % in 2015.
ducing the number of people suffering from water scarcity. Economic water production
makes the process more accessible and robust, making it more resilient and able to
supply water continuously and safely“.

6.5 Reducing water losses to unavoidable levels could mitigate conflicts over water use, * Half of the countries lack effective structures for sus-
positively influencing the integrated management of water resources*. It makes man- tainable water management. .
agement easier to carry out, bringing higher water availability to places of major conflict ~ * Lack of intersectoral coordination threatens the achieve-
that previously had higher levels of water loss*®. There are surface water sources around ~ Ment of several SDGs. .
the world that supply various WSS. Water losses in upstream WSS tend to increase the  * Global progress from 49 % in 2017 to 54 % in 2020 but
pressure on downstream WSS catchments, as the immediate flow available is reduced needs to double to reach target.
with each new catchment®. * Only 32 out of 153 countries with transboundary water

resources have 90 % or more of these waters covered by
operational agreements.

6.6 Ecosystem restoration involves the use of water. Ecosystems are degraded due to * One in five river basins has shown above-natural fluctua-

economic pressures and can have their restoration processes accelerated with higher
water availability, resulting from reduced losses. Increased water catchment, which
can be reduced, contributes to a reduction in the flow of surface streams, essential
habitats or resources for maintaining other ecosystems®®. The need to reserve water
through dams creates flooded areas that alter ecological balance®'. If some WSS with
higher amounts of losses operated with lower losses, artificial reservoirs might not

be necessary, or the volume to be reserved could be reduced, resulting in lower envi-
ronmental impacts from damming the river®?. However, this determination depends on
specific analyses for each system. Nevertheless, considering climate change effects,
the use of artificial reservoirs is becoming increasingly necessary, even in cases of
very low water losses®.

tions in surface water over the last five years.

40 Gleick; Shimabuku, 2023.

41 Stevovic; Nestorovic; Lutovac, 2018.
42 Rosaneli et al., 2021.

4 Kumwenda, 2019.

4 Sadoff; Borgomeo; Uhlenbrook, 2020.

 Von Sperling, 2014.
* Frauendorfer; Liemberger, 2010.
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50 Bozelli, 2019.
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52 Plantak et al., 2021.
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Water losses and sustainable development: antagonistic relations

TARGET INFLUENCE OF WATER LOSSES UN REGISTERED PROGRESS OR STATUS (2023)

6.a Developing countries tend to have higher water losses®, which could be reduced more * Official development aSSiSti”CE disbursements for the
quickly with cooperation and capacitation from developed countries to reduce these water sector reduced by 15 % between 2015 - 2021, from
losses. Many WSS have high levels of losses, making them financially and technically $9,61t058,1 billion.
insufficient to manage these losses. In these cases, external assistance is extremely ) Iotal commitments for the water sector reduced by 12
necessary for these WSS to overcome this situation®. Managing water losses largely %, from US$ 11,2 (2015)to US$ 9.8 b.'”'O”.(ZON)-
requires investments in assets that depend on financial resources. Systems that need * Commitments peaked at US$ 135 billion in 2017 and
to contain their losses generally do not have the financial resources available to acquire have decreased every year.

6.b new assets and therefore depend on financing and credits for such investments®. + More than 70 % of countries have procedures for local

community participation defined in law or policy since
2016, both for rural drinking water and for water resource
management.

+ Countries with high levels of participation are low (40 %).

Source: Own elaboration.

WSS, and the current progress or status made available
by the UN for the year 2023.

SDG 6 is made up of a series of interrelated targets
aimed at universal access to water; universal imple-
mentation of access to domestic wastewater disposal
and treatment; protection of water sources; efficiency
in the use of water for various demands; protection of
water resources and ecosystems; and integrated water
resource management, which refers to the state of
governance at all levels of application, from the macro
to the micro systems that use water. Water losses have
a significant impact on all the processes required to
execute and achieve all the targets of SDG 6.

Although only target 6.4 explicitly mentions the need
for more efficient use of water, it is essential to recog-
nize that water losses affect all the targets of the Goal,
to varying extents. Therefore, it is imperative that any
effort to achieve the targets of SDG 6 also includes strat-
egies to reduce water losses to at least economic levels,
to ensure the sustainability of WSS, and later, to aim for
the broader sustainability that comes from the inevita-
ble level of water losses. This will not only improve the
efficiency of water use, as outlined in target 6.4, but will
also have a positive impact on all other targets.

The identification of influences in study®’ aligns
with the findings of this study; however, the authors
explored the influences between water losses and each
target of SDG 6 in a more superficial manner.

Relationship between water losses and different SDGs

Notably, the existence of water losses and their respec-
tive reductions can increase the chances of success of

5 Liemberger; Wyatt, 2019.

% Heidler et al., 2023.

% Dolores et al., 2021.

57 AbuEltayef; AbuAlhin; Alastal, 2023.
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the different targets of SDG 6. As recognized by the UN®®
the pursuit of meeting the SDG 6 targets would be able
to contribute substantially to the development and suc-
cess of meeting the other SDGs.

Even though water is a matrix resource for prac-
tically all the other resources, not all the SDGs, given
the way they have been structured and arranged, could
be directly or even indirectly linked to this synergy.
Within the context of water losses and their (in)direct
impacts, it is possible to develop a discussion and analy-
sis of how losses negatively influence the development
and successful achievement of the other SDGs, with
influence on SDGs 1, 2, 3,7,9,11,12,13, 15 and 17, which
deal with. respectively: No Poverty; Zero Hunger; Good
Health and Well-being; Affordable and Clean Energy;
Industry, Innovation and Infrastructure; Sustainable
Cities and Communities; Responsible Consumption and
Production; Climate Action; Life on Land; and Partner-
ships for the Goals.

Table 2 shows the relationship between the SDGs
mentioned above, with the respective target influ-
enced, and the influence that WSS have within their
context of water losses for systems that are not at the
unavoidable level of water losses and the current prog-
ress made available by the UN for the year 2023.

Differently from what can be seen in Table 1,
Table 2 only shows the SDGs that could be related to
water losses in some way, even when considering the
targets that make up each of the other SDGs. However,
it must be acknowledged that the influence of the exis-
tence of water losses, at least above economic levels,
for the other SDGs is not as influential as it is for SDG
6. The influence on the other SDGs can be considered

58 UN, 2015.
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Table 2. Relationship between the influence of water losses on the different SDGs and progress made by 2023

GOAL  INFLUENCE OF WATER LOSSES UN REGISTERED PROGRESS OR STATUS (2023)

1 Resilience and vulnerability in water security can be compared to socio-eco- ~ * Global poverty reduction has been set back by COVID-19, reversing
nomic security. The crises cited by the UN highlight that many people are in a three decades of progress. o .
situation of vulnerability and that States do not have the resilience to withstand  * People in extreme poverty increased for the first time in a generation.
crises with global impacts and, at the same time, people in a situation of * Slow and unequal recovery, the world faces geopolitical, socioeco-
vulnerability - extreme poverty®®. Conditions of extreme poverty generate (in) nomic and climaterisks. o
direct impacts in various spheres. The increase in poverty has been more pro-  * Tendentially, around 575 million people will still be living in extreme
nounced in developing countries, which tend to have higher rates of apparent ~ Poverty in 2030, compared to 800 million in 2015.
losses due to irregular use. The initial reduction in poverty can generate reduc-  * Increasing actions and investments to expand employment oppor-
tions in water losses, which in turn can contribute to increasing the resilience tunities and social services for the most excluded is crucial to the
of WSS, perpetuating more sustainable conditions®. success of the SDGs.

2 In the context of the Water-Energy-Food Nexus®, reducing water losses can * People facmg hunger.and fOOd insecurity have increased since
positively influence water security, which in turn is closely linked to energy and 2015, reaching 768 million in 2021; o
food security®. Food production chains, which are extremely dependent on * Projections indicate that around 8 % of the world's population will
the availability of water, energy and soil, have become globally consolidated. remain hungry in 2030, the same % as in 2015; .
Therefore, reducing water losses is an additional option to contribute to the * Many children suffer from malnutrition, the annual rate of stunting
robustness of food production in the world, especially for places that have food ~ Needs to increase 2.2 times for the global goal;
production close to urhan centers®. + To eradicate hunger by 2030, efforts are needed to transform food

systems, ensure food security and invest in sustainable agricultural
practices.

3 The pandemic has highlighted the importance of hand washing as a prophylaxis, ~ * Pandemics and other crises undermine progress on SDG 3, exacer-
an option unavailable to millions of people without access to sanitation®. The bating health inequalities and threatening universal health coverage.
health benefits of basic sanitation are widely recognized. Achieving this goal *In2021, 25 million children did not have access to routine immuniza-
without universal sanitation is impossible®, and reducing water losses can make ~ tion services. .
this more accessible and safer. Therefore, there is a direct relationship between ~* Pandemic highlighted the need for more robust global health securi-
reducing losses, improving sanitation and promoting health and well-being. ty systems to prevent and respond to future pandemics.

7 Brazil is a notable example of the Water-Energy-Food Nexus, due to the fact * There are 675 million people without access to electricity and 2.3
that the electricity matrix is predominantly based on hydroelectric plants b'”'oln who GOOk with unsafe and pollutlng sources. o
distributed all over the national territory®® and the large amount of food pro- * War in Ukraine and global economic uncertainty cause instability in
duced throughout the country®. In countries where the electricity matrix hasa ~ energy prices. Varied responses from countries: increased invest-
considerable share coming from hydroelectric plants, or which are considering ~ Ment in renewable energies and even increased use of coal, which
implementing this source, reducing water losses, especially in WSS that draw threaten the green transition. -
water from surface sources, can bring benefits for water availability and *As a result, around 660 million people will still have no access to
provide greater electrical security®®. Many hydroelectric plants, generally older  electricity and around 2 billion will continue to rely on polluting fuels
ones, operate with high dam levels and can generate conflicts with water sup- ~@nd technologies for cooking by 2030. N
ply, depending on population density and local or even regional water security. ~ * 10 quarantee access to energy for ?” by 2030, Itis necessary to
By reducing water losses, there is also a reduction in the electricity required for accelerate electrification, increase investments in renewable energy
the operation of the WSS, contributing to the decreased demand in the electricity ~ Sources and improve electricity grids.
market, which implies a lower need for electricity production. The less renewable
the energy matrix is, the greater the benefits of reducing water losses.

9 Reducing water losses is directly linked to the implementation of resilient * The post-pandemic recovery of the manufacturing industry is unequal.
infrastructure, promoting greater sustainability in a system that operates * Some high-income regions reached record per capita value added in
incessantly®. The infrastructure of a WSS has a limited lifespan, especially in 2022. Less developed countries barely surpassed 2015 levels.

a context of low sustainability, making it necessary to constantly encourage  * High-tech sectors have proved more resilient post-pandemic. The
innovation in order to find physical means of extending its lifespan. These importance of promoting innovation and technology transfer to
actions stimulate and strengthen the industrial sectors linked to WSS™. In benefit all countries is highlighted. o
addition, reducing water losses can increase local water availability that can be  * Its crucial to support the least developed countries, invest in ad-
used in new industries, optimizing the logistics of products and workers. vanced technologies, reduce carbon emissions and increase global
access to mobile broadband, in order to achieve SDG 9.
n The dynamics of a city depend directly on its WSS, which can become more * The pandemic has resulted in major changes in migration patterns,

resilient as it reduces its losses. There is a relationship between apparent loss-
es and the population living in substandard housing’’. The sustainability of the
WSS is (in)directly linked to public policies for settlements, which is beyond the
reach of sanitation companies, as it is the responsibility of local governments.
It is recognized that the problem of subnormal settlements generates various
impacts on urban systems. However, many actions are aimed at attenuating

or mitigating these impacts, but not at solving the matrix problem. A city can
only be truly sustainable if its water supply system and sewage collection and
treatment systems are sustainable.

with displacement into and out of urban areas.

+ Cities tend to be disproportionately impacted by climate change and
conflicts.

* In developing countries, slum populations are increasing, threaten-
ing the goal of adequate housing.

+ Since 2015, the number of countries with national disaster risk
reduction strategies has more than doubled.

* Itis necessary to focus on strengthening urban development
planning capacities, improving access to public transportation and
improving waste management, in order to achieve SDG 11.

% Adams; Stoler; Adams, 2020.

% Sadoff; Borgomeo; Uhlenbrook, 2020.
" Yuan; Lo, 2022.

2 Samberger, 2022.

%3 Stevovic; Nestorovic; Lutovac, 2018.
% Mishra et al., 2017.

% Sadoff; Borgomeo; Uhlenbrook, 2020.
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Water losses and sustainable development: antagonistic relations

GOAL  INFLUENCE OF WATER LOSSES UN REGISTERED PROGRESS OR STATUS (2023)

12 AWSS has input chains that constitute other chains. All production chains * World significantly behind in efforts to reduce food waste and
make (in)direct use of water. Reducing water losses (in)directly raises all local, losses per capita. . . .
regional and, consequently, global chains — due to the consolidation of global  * Pandemic has profoundly impacted consumption and production
production of commodities and services — to levels closer to sustainability. patterns, causing disruptions in global supply chains and changes in
Analogous to water losses, all production chains (systems) have loss levels consumer behavior. Responsible consumption and production must
that can be reduced to the inevitable loss levels. As water is a key resource be an essential part of the recovery from the pandemic. '
in these production systems, it is essential that these systems operate at * Itis necessary to accelerate the dissociation between economic
unavoidable levels, in order to contribute to responsible consumption and growth and resource use, maximizing the socio-economic benefits
production™. Reducing water losses also leads to a reduction in the non-renew-  0f resources and minimizing their negative impacts. .
able inputs required for the treated water production process, allowing the pro-  * Itis crucial to implement policies that promote a shift to sustainable
duction system to extend the useful lifespan of these inputs until transitionsto ~ Practices and dissociate economic growth from the use of non-re-
fully renewable resources become feasible. newable resources in order to achieve SDG 12.

13 Academically, it is more accepted that climate change is the result of various * With the world on the brink of a climate catastrophe, current actions
human actions on the environment, especially in the energy sphere. WSS are and plans to tackle the crisis are insufficient.
heavily dependent on electricity™® — which in many countries comes from * Without immediate and transformative action within this decade to
non-renewable and polluting sources — and therefore any physical loss of wa-  deeply and rapidly reduce greenhouse gas emissions in all sectors,
ter or waste necessarily involves higher electricity consumption. Thus, losses the 1.5°C target will be at risk. Affecting the lives of more than 3
contribute (in)directly to the inefficiency of electricity-dependent systems, b'”'OU people. ‘
the production of which contributes to worsening climate change. Losses * Inaction leads to worsening heatwaves, droughts, floods, forest
influence the energy market, contributing to increased demand™ which, for fires, rising sea levels and famine.
example, in Brazil still makes use of non-renewable sources and which also has ~ * Emissions should be falling now and need to be cut by almost half
the National Interconnected System, supplied by renewable and non-renewable by 2030. ) o
sources. + Urgent and transformative action is needed to meet the com-

mitments made in the Paris Agreement regarding mitigation and
adaptation efforts.

15 The maintenance capacity of various terrestrial ecosystems is directly related  * The world s facing a triple planetary crisis of climate change, pollu-
to water availabilitys, which can be increased by reducing water losses, espe- tion and biodiversity loss. _ _ -
cially in WSS that catch water from surface sources. Water availability can also ~* The trend of forest loss, land degradation and species extinction is wors-
increase with the consolidation of new forests™, as vegetation contributes di- ~ €ning. It poses a serious threat to the health of the planet and people.
rectly to the hydrological cycle, thus favoring water security and the resilience  * SDG 15 will not be achieved without a radical change in our relation-
of the different systems involved™. ship with the natural environment.

17 When the sustainability of the planet is put into perspective, it is impossible o * Progress towards SDG 17 is varied, with advances in areas such as

ignore the leading role of developed countries, which have lower rates of water
loss, often due to low water availability and high resources for investment in
infrastructure’. This role is further underscored by the exploitation of natural
resources by developing countries over the centuries and their history of
pollutant emissions’™. In order to reach a level of global sustainability, a drastic
reduction in water losses worldwide is essential. If most of the SDGs are to

be met by the deadline (2030), developed countries will need to contribute to
developing countries in order to universalize sanitation (and reduce losses),
through financial credits and technical cooperation strategies®.

development aid, remittance flows and access to technology.

+ Financing for development remains a major challenge, especially in
low-income countries.

* Geopolitical tensions and rising nationalism in parts of the world
have hampered international cooperation and coordination.

* Many developing countries are struggling with record inflation,
rising interest rates and looming debt, competing priorities and
limited fiscal space.

* Increased joint action is needed to ensure that developing countries
have access to the finance and technologies needed to accelerate
the implementation of all the SDGs.

Source: Own elaboration.

relevant when approached from the perspective of the
Water-Energy-Food Nexus.

This study, compared to study®, did not include
SDGs 8, 14, and 16. Although these three SDGs were not
incorporated into the evaluation and discussion, the
approaches presented in the other study that assessed
the relationships between SDGs 8 and 16 align with what

2 Zhironkin, 2022.

" Duraisamy; Beni; Henni, 2013.

™ Samberger, 2022.

s Bozelli, 2019.

6 Westall; Brack, 2018.

" Bayard; Luna, 2024.

8 Machete; Marques, 2023.

™ Heidler et al., 2023.

8 Rosaneli et al., 2021.

81 AbuEltayef; AbuAlhin; Alastal, 2023.
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was developed in the conceptual framework of this work.
The other study develops 7 fundamental topics based
on specific relationships that were comprehensively
addressed in this study. That study did not engage with
these SDGs due to how their targets are structured by the
UN. For example, SDG 14, which is “Life Below Water,”
although it has this title, is not structured around fresh-
water environments, focusing solely on oceans, seas,
and marine environments. That study also presents an
extremely indirect relationship, which, from the per-
spective of water losses and their effects on SDG 14, was
not sufficient to be included in this study. Reducing water
losses could financially benefit systems, enabling them
to better treat the effluents they produce and thereby
improve the quality of ocean water. The evaluation of
this influence depends on the proximity of the systems
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to the coast. While almost all water flows to the oceans,
this led to the decision not to include SDG 14 in this study.

On the other hand, study®* did not consider SDGs 1
and 2 in their evaluations. By comparing the positions
of the studies regarding the highlighted influences, it is
possible to infer that study did not consider the direct
dynamics of informal settlements and water losses
for SDG 1, although it must be recognized that this is
a sensitive topic to address. Regarding the absence of
an approach to SDG 2, the focus of their research was
limited to the Water-Energy nexus, whereas this study
was grounded in the Water-Energy-Food nexus. This
reinforces the importance of expanding the conception
of this nexus so that the various relationships within
it are more widely considered in academic works and,
eventually, by decision-makers.

Discussion on water losses with SDGs and
climate change

Climate change poses a significant pressure on achiev-
ing the SDGs and threatens the maintenance of these
advancements, even if the targets are initially reached.
Due to the broad and unpredictable impacts of climate
change®, achievements in areas such as sanitation,
access to drinking water, and water resource man-
agement will progressively face risks of regression®.
Therefore, ensuring the success and sustainability of
the SDGs requires not only achieving the targets but
also continuously reinforcing them to withstand the
challenges that climate change will continue to impose.
In the context of WSS, this means maximizing efforts to
reduce water losses.

Water losses present a challenge that, while contrib-
uting only marginally to climate change, is particularly
vulnerable to its effects. In regions facing projected
decreases in average precipitation and prolonged dry
periods, such as Southeastern Brazil—where a reduc-
tion in rainfall of up to 50 % is expected by the end of
the century®—the impacts of water losses on supply
systems are intensified by climate change. In these
contexts, water losses exacerbate water deficits and
disrupt regional water balances, increasing pressure on
available resources and challenging water security.

82 Abueltayef; AbuAlhin; Alastal, 2023.

8 Intergovernmental Panel on Climate Change (IPCC), 2023.
8 Mukherjee; Dash, 2024.

% Lyraetal., 2018. Avila-Diaz et al., 2020.

8 Bernabé-Crespo; Lodiciga, 2024.
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A study® evaluated the solutions adopted by three
major metropolitan areas located in regions with low
water availability. Additionally, these areas are pro-
jected to experience a decrease in annual precipitation
and an increase in dry periods. The study identified
that, over recent years, these cities’ water systems have
invested in diversifying water sources, including basin
transfers, desalination, and water recycling. There were
also numerous incentives aimed at reducing consump-
tion through non-structural measures and decreasing
water losses via structural interventions. This study
underscores the need for implementing a range of
strategies to enhance the resilience of water systems
against current challenges and future pressures arising
from the intensification of climate change.

Reducing water losses becomes a crucial strategy not
only to mitigate emissions that contribute to climate
change but also to strengthen the resilience of WSS
against the pressures resulting from these changes.
Striving for minimal levels of water loss is impera-
tive, especially in areas with significant projections of
declining average annual precipitation.

Final considerations and
recommendations

This study presented a qualitative analysis of the rela-
tionship between the existence of water losses in WSS
and sustainable development. From the perspective of
the Water-Energy-Food Nexus, in the context of WSS
operating above unavoidable levels, these water loss-
es lead to unsustainable maintenance of the micro and
macrosystems in which these WSS are installed: cities
and river basins. They also influence the dynamics of
food production and electricity generation. WSS exist
all over the planet, so it is possible to consider the re-
lationship between water losses and the achievement
of the SDGs on a global scale. 1t is therefore crucial to
focus more attention on the water industry and to op-
erate WSS in a sustainable way.

Water losses in WSS can make it impossible or slow
down the achievement of SDG 6 targets and jeopardize
the success of other goals that depend on this synergy.
Reducing water losses in WSS not only increases the
chances of achieving the goals of SDG 6, but also con-
tributes substantially to the development and success
of the other goals of the 2030 Agenda. Although not
all the SDGs have been structured to emphasize syn-
ergy with water, it is important to analyze how water
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losses in WSS negatively influence, even minimally, the
achievement and success of these.

To further support and reinforce what has been dis-
cussed throughout the study, it is pertinent to develop
specific studies that can develop objective and quanti-
tative results on the influence of water losses on the
success of each SDG, especially SDG 6. An analysis of
this nature at a national level could be better devel-
oped, especially in countries that suffer from high lev-
els of water loss, providing evidence that corroborates
the quest to reduce losses through greater investment,
given that this is an action to promote resilience and
sustainability, not only financially for the service pro-
vider, but especially at an ecological level.

Funding

This work was carried out with the support of the Co-
ordination for the Improvement of Higher Education
Personnel - Brazil (CAPES) - Funding Code 001. I would
also like to thank the National Network Professional
Master’s Degree Program in Water Resources Manage-
ment and Regulation - ProfAgua, CAPES/ANA AUXPE
Project No. 2717/2015, for its scientific technical sup-
port to date.

References

AbuEltayef, Hatem Taha; AbuAlhin, Khaldoun S.; Alastal,
Khalil M. 2023: Addressing non-revenue water as a global pro-
blem and its interlinkages with sustainable development goals.
Water Practice and Technology, 18(12), 3175-3202. https://dol.
org/10.2166/wpt.2023.157

Adams, Ellis A.; Stoler, Justin; Adams, Yenupini. 2020: Water in-
security and urban poverty in the Global South: Implications for
health and human biology. American Journal of Human Biology,
32(1), €23368. https://doi.org/10.1002/ajhb.23368

Alam, Mohammad Ayaz. 2024: Toward sustainable development,
in Mukherjee, Abhijit (Ed.), Water Matters. Chennai (India), Elsevier,
43-51. https:/doi.org/10.1016/B978-0-443-15537-6.00004-5

Assarkhaniki, Zahra; Sabri, Soheil; Rajabifard, Abbas; Kaha-
limoghadam, Masoud. 2023: Advancing sustainable develo-
pment goals: Embedding resilience assessment. Sustainability
Science, 18(5), 2405-2421. https://doi.org/10.1007/s11625-023-
01372-7

Avila-Diaz, Alvaro; Benezoli, Victor; Justino, Flavio; Torres,
Roger; Wilson, Aaron. 2020: Assessing current and future
trends of climate extremes across Brazil based on reanalyses

Aguay Territorio, 29 - pp. 175-189 - Enero - Marzo 2026 - Universidad de Jaén (Espaiia)

Water losses and sustainable development: antagonistic relations

and earth system model projections. Climate Dynamics, 55(5-6),
1403-1426. https://doi.org/10.1007/s00382-020-05333-z

Bayard, Alina de la Caridad Morell; Luna, Liliana Gémez.
2024 La significacion practica de la Ecohidrologia: Un andlisis
de su potencial para el estudio de cuencas hidrograficas. Agua
y Territorio / Water and Landscape, 24, 115-134. https:/dol
org/10.17561/at.24.7127

Bernabé-Crespo, Miguel Borja; Loaiciga, Hugo. 2024: Mana-
ging potable water in southeastern spain, los angeles, and syd-
ney: Transcontinental approaches to overcome water scarcity.
Water Resources Management, 38(4), 1299-1313. https:/dol.
0rg/10.1007/s11269-023-03721-8

Bozelli, Reinaldo Luiz. 2019: The challenge of restoring tropical
freshwater ecosystems. Acta Limnologica Brasiliensia, 31, €110.
https://doi.org/10.1590/s2179-975x4619

Brasil. 1997: Lei n®9.433, de 08 de janeiro de 1997. Politica Nacio-
nal de Recursos Hidricos. Planalto.gov.br. https://www.planalto.
gov.br/ccivil_03/leis/19433.htm

Brasil. 2022: Fact Sheets. gov.br. https:/www.gov.br/en/fact-
sheets

Brasil. 2023: Diagndstico Temético Servicos de Agua e Esgoto:
visdo geral ano de referéncia 2022. gov.br. https://www.gov.
br/cidades/pt-br/acesso-a-informacao/acoes-e-programas/
saneamento/snis/produtos-do-snis/diagnosticos/DIAGNOSTI-
CO_TEMATICO_VISAO_GERAL_AE_SNIS_2023.pdf

Brasil. 2024 Painel de Indicadores. gov.br. http://appsnis.mdr.gov
br/indicadores-hmg/web/agua_esgoto/mapa-agua

Castelletti, Andrea; Yajima, Hiroshi; Giuliani, Matteo; Sonci-
ni-Sessa, Rodolfo; Weber, Enrico. 2014: Planning the opti-
mal operation of a multioutlet water reservoir with water quality
and quantity targets. Journal of Water Resources Planning and
Management, 140(4), 496-510. https://doi.org/10.1061/(ASCE)
WR.1943-5452.0000348

Cheng, Chunyan; Zhang, Fei; Shi, Jingchao; Kung, Hsiang-Te.
2022: What is the relationship between land use and surface wa-
ter quality? A review and prospects from remote sensing pers-
pective. Environmental Science and Pollution Research, 29(38),
56887-56907. https:/doi.org/10.1007/s11356-022-21348-x

Danilenko, Alexander; Van Den Berg, Caroline; Macheve, Ber-
ta; Moffitt, L. Joe (Eds.). 2014: The IBNET water supply and
sanitation blue book 2014: The international benchmarking net-
work for water and sanitation utilities databook. Washington, D.C.
(USA), The World Bank. https:/doi.org/10.1596/978-1-4648-
0276-8

Di Vaio, Assunta; Trujillo, Lourdes; D'Amore, Gabriella; Palla-
dino, Rosa. 2021: Water governance models for meeting sustai-
nable development Goals: A structured literature review. Utilities
Policy, 72, 101255. https://doi.org/10.1016/]jup.2021.101255

Dolores, Luigi; Macchiaroli, Maria; Mare, Gianluigi. 2021:
Water Losses and Maintenance Investment. An Econometric

ISSN 2340-8472 - ISSNe 2340-7743 - DOI 10.17561/at.29.8564

187


https://doi.org/10.17561/at.29.8564
https://doi.org/10.1007/s00382-020-05333-z
https://doi.org/10.17561/at.24.7127
https://doi.org/10.17561/at.24.7127
https://doi.org/10.1007/s11269-023-03721-8
https://doi.org/10.1007/s11269-023-03721-8
https://doi.org/10.1590/s2179-975x4619
https://www.planalto.gov.br/ccivil_03/leis/l9433.htm
https://www.planalto.gov.br/ccivil_03/leis/l9433.htm
https://www.gov.br/en/fact-sheets
https://www.gov.br/en/fact-sheets
https://www.gov.br/cidades/pt-br/acesso-a-informacao/acoes-e-programas/saneamento/snis/produtos-do-snis/diagnosticos/DIAGNOSTICO_TEMATICO_VISAO_GERAL_AE_SNIS_2023.pdf
https://www.gov.br/cidades/pt-br/acesso-a-informacao/acoes-e-programas/saneamento/snis/produtos-do-snis/diagnosticos/DIAGNOSTICO_TEMATICO_VISAO_GERAL_AE_SNIS_2023.pdf
https://www.gov.br/cidades/pt-br/acesso-a-informacao/acoes-e-programas/saneamento/snis/produtos-do-snis/diagnosticos/DIAGNOSTICO_TEMATICO_VISAO_GERAL_AE_SNIS_2023.pdf
https://www.gov.br/cidades/pt-br/acesso-a-informacao/acoes-e-programas/saneamento/snis/produtos-do-snis/diagnosticos/DIAGNOSTICO_TEMATICO_VISAO_GERAL_AE_SNIS_2023.pdf
http://appsnis.mdr.gov.br/indicadores-hmg/web/agua_esgoto/mapa-agua
http://appsnis.mdr.gov.br/indicadores-hmg/web/agua_esgoto/mapa-agua
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000348
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000348
https://doi.org/10.1007/s11356-022-21348-x
https://doi.org/10.1596/978-1-4648-0276-8
https://doi.org/10.1596/978-1-4648-0276-8
https://doi.org/10.1016/j.jup.2021.101255
https://doi.org/10.2166/wpt.2023.157
https://doi.org/10.2166/wpt.2023.157
https://doi.org/10.1002/ajhb.23368
https://doi.org/10.1016/B978-0-443-15537-6.00004-5
https://doi.org/10.1007/s11625-023-01372-7
https://doi.org/10.1007/s11625-023-01372-7

188

Cassiano Gongalves Simdes do Carmo; Rodrigo Lilla Manzione

Model for the Sustainable Management of Water Services, in
Gervasi, Osvaldo; Murgante, Beniamino; Misra, Sanjay; Garau,
Chiara; Bleci¢, Ivan; Taniar, David; Apduhan, Bernady O.; Rocha,
Ana Maria A. C.; Tarantino, Eufemia; Torre, Carmelo Maria (Eds.).
Computational Science and Its Applications - ICCSA 2021. Cagliari
(ltaly), Springer, 236-253. https://doi.org/10.1007/978-3-030-
87010-2_16

Duraisamy, Rangarajan T.; Beni, Ali Heydari; Henni, Amr. 2013:
State of the art treatment of produced water, in W. Elshorbagy
(Ed.), Water Treatment. InTech. https://doi.org/10.5772/53478

Empresa de Pesquisa Energética (EPE). 2023: Balango Energéti-
co Nacional Interativo. https://dashboard.epe.gov.br/apps/ben/

Frauendorfer, Rudolf; Liemberger, Roland. (Eds.). 2010: The
Issues and Challenges of Reducing Non-Revenue Water. Manda-
luyong City (Philippines), Asian Development Bank.

French, Duncan; Kotzé, Louis J. (Eds.). 2018: Sustainable de-
velopment goals: Law, theory and implementation. Cheltenham
(UK), Edward Elgar Publishing. https:/doi.org/10.4337/9781
786438768

Gleick, Peter H; Shimabuku, Morgan. 2023: Water-related con-
flicts: Definitions, data, and trends from the water conflict chro-
nology. Environmental Research Letters, 18(3), 034022. https:/
doi.org/10.1088/1748-9326/achh8f

Heidler, Andri; Nesi, Muhil; Nikiema, Muhil; Liithi, Christoph.
2023: Multilateral development banks investment behaviour in
water and sanitation: Findings and lessons from 60 years of
investment projects in Africa and Asia. Journal of Water, Sani-
tation and Hygiene for Development, 13(5), 362-374. https://dol.
0rg/10.2166/washdev.2023.004

Intergovernmental Panel on Climate Change (IPCC). 2023:
Climate change 2022 - impacts, adaptation and vulnerability:
Working group ii contribution to the sixth assessment report of
the intergovernmental panel on climate change (1° ed). Cambrid-
ge (United Kingdom), Cambridge University Press. https:/doi.
org/10.1017/9781009325844

Kloosterman, Ritsche Anne; Veeneman, Wijnand; Van Der
Hoek, Wijnand. 2020: Sustainable societal infrastructures: A
resilient approach to prevent conflicting claims of drinking wa-
ter and other infrastructures. Sustainability, 12(3), 785. https://
doi.org/10.3390/su12030785

Kumar, Shantanu; Mehany, Mohammed S. Hashem M. 2022:
Developing a sustainability and resilience monitoring scheme
for infrastructure projects using sustainable development goals
(SDGs). Construction Research Congress 2022, 490-500. https:/
doi.org/10.1061/9780784483954.051

Kumwenda, Save. 2019: Challenges to hygiene improvement in
developing countries’, in Potgieter, Natasha; Hoffman, Afsatou
Ndama Traore (Eds.), The Relevance of Hygiene to Health in De-
veloping Countries. IntechOpen. https:/doi.org/10.5772/inte-
chopen.80355

Aguay Territorio, 29 - pp. 175-189 - Enero - Marzo 2026 - Universidad de Jaén (Espaiia)

Kusterko, Sheila; Ensslin, Sandra Rolim; Ensslin, Leonardo;
Chaves, Leonardo Corréa. 2018: Gestdo de perdas em siste-
mas de abastecimento de dgua: uma abordagem construtiviva.
Engenharia Sanitaria e Ambiental, 23(3), 615-626. https:/dol.
0rg/10.1590/s1413-41522018156436

Lambert, Allan; Hirner, Wolfram. (Eds.). 2000: Losses from Wa-
ter Supply Systems: standard Terminology and Recommended
Performance Measures. London (United Kingdom). Internacional
Water Association.

Leite, Maria Luisa Telarolli de Almeida; Soares, Fabiana Pe-
goraro; Espindola, Isabela Battistello. 2023: Aguas trans-
fronterizas de la cuenca del plata (América del Sur) desde la
perspectiva de la agenda 2030. Agua y Territorio / Water and
Landscape, 22, 215-228. https://doi.org/10.17561/at.22 6487

Liemberger, Roland; Wyatt, Alan. 2019: Quantifying the glo-
bal non-revenue water problem. Water Supply, 19(3), 831-837.
https://doi.org/10.2166/ws.2018.129

Lyra, Andre; Tavares, Priscila; Chou, Sin Chan; Sueiro,
Gustavo; Dereczynski, Claudine; Sondermann, Marcely;
Silva, Adan; Marengo, José; Giarolla, Angélica. 2018: Cli-
mate change projections over three metropolitan regions in
Southeast Brazil using the non-hydrostatic Eta regional clima-
te model at 5-km resolution. Theoretical and Applied Climatol-
ogy, 132(1-2), 663-682. https://doi.org/10.1007/s00704-017-
2067-z

Machete, Inés; Marques, Rui. 2023: Characteristics and results
of water supply and sanitation projects. EWaS5, 91. https:/doi
0rg/10.3390/environsciproc2022021091

Malay, Olivier E. 2021: Improving government and business
coordination through the use of consistent SDGs indicators.
Ecological Economics, 184, 106991. https://doi.org/10.1016/).
ecolecon.2021.106991

Mishra, Shiva Raj; Dhimal, Meghnath; Bhandari, Parash
Mani; Adhikari, Bipin. 2017: “Sanitation for all: The global op-
portunity to increase transgenerational health gains and better
understand the link between NCDs and NTDs, a scoping review.
Tropical Diseases, Travel Medicine and Vaccines, 3(1), 8. https:/
doi.org/10.1186/s40794-017-0051-3

Moslehi, Iman; Jalili-Ghazizadeh, Mohammadreza; Yousefi-
Khoshqalb, Ehsan. 2021: “Developing a framework for leakage
target setting in water distribution networks from an economic
perspective”. Structure and Infrastructure Engineering, 17(6),
821-837. https://doi.org/10.1080/15732479.2020.1777568

Mukherjee, Abhijit; Dash, Adya A. 2024: Water matters: the
thirst, the demand, and the society in Mukherjee, Abhijit (Ed.),
Water Matters. Chennai (India), Elsevier, 3-11. https:/dol.
org/10.1016/B978-0-443-15537-6.00001-X

Mulligan, Mark; Van Soesbergen, Arnout; Hole, David G.;
Brooks, Thomas M.; Burke, Sophia; Hutton, Jon. 2020: Mapping
nature's contribution to SDG 6 and implications for other SDGs

ISSN 2340-8472 - ISSNe 2340-7743 - DOI 10.17561/at.29.8564


https://doi.org/10.17561/at.29.8564
https://doi.org/10.1590/s1413-41522018156436
https://doi.org/10.1590/s1413-41522018156436
https://doi.org/10.17561/at.22.6487
https://doi.org/10.2166/ws.2018.129
https://doi.org/10.1007/s00704-017-2067-z
https://doi.org/10.1007/s00704-017-2067-z
https://doi.org/10.3390/environsciproc2022021091
https://doi.org/10.3390/environsciproc2022021091
https://doi.org/10.1016/j.ecolecon.2021.106991
https://doi.org/10.1016/j.ecolecon.2021.106991
https://doi.org/10.1186/s40794-017-0051-3
https://doi.org/10.1186/s40794-017-0051-3
https://doi.org/10.1080/15732479.2020.1777568
https://doi.org/10.1016/B978-0-443-15537-6.00001-X
https://doi.org/10.1016/B978-0-443-15537-6.00001-X
https://doi.org/10.1007/978-3-030-87010-2_16
https://doi.org/10.1007/978-3-030-87010-2_16
https://doi.org/10.5772/53478
https://dashboard.epe.gov.br/apps/ben/
https://doi.org/10.4337/9781786438768
https://doi.org/10.4337/9781786438768
https://doi.org/10.1088/1748-9326/acbb8f
https://doi.org/10.1088/1748-9326/acbb8f
https://doi.org/10.2166/washdev.2023.004
https://doi.org/10.2166/washdev.2023.004
https://doi.org/10.1017/9781009325844
https://doi.org/10.1017/9781009325844
https://doi.org/10.3390/su12030785
https://doi.org/10.3390/su12030785
https://doi.org/10.1061/9780784483954.051
https://doi.org/10.1061/9780784483954.051
https://doi.org/10.5772/intechopen.80355
https://doi.org/10.5772/intechopen.80355

at policy relevant scales. Remote Sensing of Environment, 239,
111671. https:/doi.org/10.1016/.rse.2020.111671

Nathanson, Jerry A. 2023: Water supply system. Encyclopaedia
Britannica.  https://www.britannica.com/technology/water-
supply-system

Organisation for Economic Co-operation and Development
(OECD) 2015: Water and cities: Ensuring sustainable futures.
https://www.oecd-ilibrary.org/environment/water-and-cities
_9789264230149-en

Plantak, Lucija; Durin, Bojan; DZeba, Tatjana; Dadar, Sara.
2021: Optimization of water reservoir volume in an urban water
supply system. Revista Facultad de Ingenieria Universidad de An-
tioquia. https://doi.org/10.17533/udea.redin.20210953

Rosaneli, Caroline Filla; Fischer, Marta Luciane; Sganzerla,
Anor; Neto, Alberto Paulo. 2027: Interagdo dgua e saude glo-
bal: Uma questdo hioética. Agua y Territorio / Water and Land-
scape, 19, 111-124. https://doi.org/10.17567/at.19.5471

Sadoff, Claudia W.; Borgomeo, Edoardo; Uhlenbrook, Stefan.
2020: Rethinking water for SDG 6. Nature Sustainability, 3(5),
346-347. https://doi.org/10.1038/s41893-020-0530-9

Samberger, Caroline. 2022: The role of water circularity in the
food-water-energy nexus and climate change mitigation. Energy
Nexus, 6,100061. https://doi.org/10.1016/].nexus.2022.100061

Sim, Alison; Mauter, Meagan S. 2021: Cost and energy inten-
sity of U.S. potable water reuse systems. Environmental Sci-
ence: Water Research & Technology, 7(4), 748-761. https://doi.
org/10.1039/DTEW000T7A

Singh, Vijay P (Ed.). 2017: Handbook of applied hydrology. New
York (United States), Mcgraw-Hill Education.

Stevovié, Svetlana; Nestorovié, Zarko; Lutovac, Mitar. 2018:
Water management and sustainability of water resources. Wa-
ter Supply, 18(3), 976-983. https:/doi.org/10.2166/ws.2017.163

Susantono, Bambang; Li, Sarah Hui. 2021: Urban water future:
What can we learn from the singapore experience? CSID Journal of
Infrastructure Development, 4(1), 4. https:/doi.org/10.32783/csid-
jid.v4i1.220

Aguay Territorio, 29 - pp. 175-189 - Enero - Marzo 2026 - Universidad de Jaén (Espaiia)

Water losses and sustainable development: antagonistic relations

United Nations (UN). 2015: Transforming our World: The 2030
Agenda for Sustainable Development. https:/sustainable
development.un.org/content/documents/21252030%20Agen-
da%20for%20Sustainable%20Development%20web.pdf

United Nations (UN). 2023: Progress towards the Sustainable
Development Goals: towards a rescue plan for people and plan-
et. https:/hlpf.un.org/sites/default/files/2023-04/SDG%
20Progress%20Report%20Special%20Edition.pdf

United Nations (UN). 2024: SDG Indicators Database. https://
unstats.un.org/sdgs/dataportal

Villamor, Grace B.; Sharma-Wallace, Lisa; Van Noordwijk, Mei-
ne; Barnard, Tim; Meason, Dean F. 2022: A systematic review
of participatory integrated assessment at the catchment sca-
le: Lessons learned from practice. Current Research in Envi-
ronmental Sustainability, 4, 100167. https://doi.org/10.1016/].
crsust.2022.100167

Von Sperling, Marcos (Ed.). 2014: Introdugdo & Qualidade das
Aguas e ao Tratamento de Esgotos. Belo Horizonte (Brazil), Edi-
tora UFMG.

Westall, Frances; Brack, André. 2018: The importance of wa-
ter for life. Space Science Reviews, 214(2), 50. https:/dol.
org/10.1007/s11214-018-0476-7

World Bank Group (WBG). 2024: World Development Indicators.
https://databank.worldbank.org/source/world-development-
indicators

Wu, Haipeng; Chen, Jin; Xu, Jijun; Zeng, Guangming; Sang,
Lianhai; Liu, Qiang; Yin, Zhengjie; Dai, Juan; Yin, Dacong;
Liang, Jie; Ye, Shujing. 2019: Effects of dam construction on
biodiversity: A review. Journal of Cleaner Production, 221, 480-
489, https://doi.org/10.1016/j.jclepro.2019.03.001

Yuan, Mei-Hua; Lo, Shang-Lien. 2022: Principles of food-energy-
water nexus governance. Renewable and Sustainable Energy Re-
views, 155, 111937. https://doi.org/10.1016/).rser.2021.111937

Zhironkin, Sergey. 2022: Advances in sustainable development:
Technological and economic overview. Energies, 15(17), 6451.
https://doi.org/10.3390/en15176451

ISSN 2340-8472 - ISSNe 2340-7743 - DOI 10.17561/at.29.8564


https://doi.org/10.17561/at.29.8564
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://hlpf.un.org/sites/default/files/2023-04/SDG%20Progress%20Report%20Special%20Edition.pdf
https://hlpf.un.org/sites/default/files/2023-04/SDG%20Progress%20Report%20Special%20Edition.pdf
https://unstats.un.org/sdgs/dataportal
https://unstats.un.org/sdgs/dataportal
https://doi.org/10.1016/j.crsust.2022.100167
https://doi.org/10.1016/j.crsust.2022.100167
https://doi.org/10.1007/s11214-018-0476-7
https://doi.org/10.1007/s11214-018-0476-7
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://doi.org/10.1016/j.jclepro.2019.03.001
https://doi.org/10.1016/j.rser.2021.111937
https://doi.org/10.3390/en15176451
https://doi.org/10.1016/j.rse.2020.111671
https://www.britannica.com/technology/water-supply-system
https://www.britannica.com/technology/water-supply-system
https://www.oecd-ilibrary.org/environment/water-and-cities_9789264230149-en
https://www.oecd-ilibrary.org/environment/water-and-cities_9789264230149-en
https://doi.org/10.17533/udea.redin.20210953
https://doi.org/10.17561/at.19.5471
https://doi.org/10.1038/s41893-020-0530-9
https://doi.org/10.1016/j.nexus.2022.100061
https://doi.org/10.1039/D1EW00017A
https://doi.org/10.1039/D1EW00017A
https://doi.org/10.2166/ws.2017.163
https://doi.org/10.32783/csid-jid.v4i1.220
https://doi.org/10.32783/csid-jid.v4i1.220

	Water Losses and Sustainable Development: Antagonistic Relations 
	Introduction 
	The Role of Water in Sustainable Development 
	Water Losses and (In)Sustainability 
	Methodology 
	Results and Discussion 
	The Relationship Between Water Losses and SDG 6
	Discussion on Water Losses with SDGs and Climate Change 

	Final considerations and recommendations 
	Funding 
	References 


