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Foreword

In this new world of instant information, myths and disinformation shape our 
behaviour and make it appear that the rational world of the Enlightenment 
is moving away from us. Here, the authors resist this trend by undertaking a 
comprehensive explanation of the myths surrounding the existential subject of 
water services. They are well quali�ed to undertake this di�cult task amidst a 
wealth of available information and disinformation. Four of them are colleagues 
at Tampere University in Finland and one is from the University of South Africa 
in Pretoria. All have extensive experience in water services across a range of 
systems in di�erent countries, relating to all income categories and various 
stages of development.

Their task is challenging because people use water in many di�erent social 
ways and water management also involves business and nature. Water is seen 
as a connector as it is essential for so many needs in society. The most visible 
aspects of water management on a global basis have been assigned to Sustainable 
Development Goal six, which is �To ensure access to water and sanitation for 
all� [https://www.un.org/sustainabledevelopment/water-and-sanitation]. These 
two elements are the main areas of focus by the authors in their coverage of 
community water supply and wastewater systems.

Sanitation involves the additional aspect of providing toilet and washing 
facilities for people within their living spaces; while this is a major global issue, 
it is somewhat outside the remit of water resources management. The authors 
could have included stormwater, but it was considered better to maintain a 
sharp focus on water and wastewater.

The core of the book comprises a discussion of 21 myths, organised into 
four chapters. These are illustrated with attractive �gures and drawings, many 
that are unique to this work. They are also supported by extensive references. 
After the introduction in chapter one, chapter two considers the origins of 
water and where it is used. The third chapter is about water services and this is 
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x Dispelling Myths about Water Services

followed by a discussion of rules or institutional arrangements in chapter four. 
The chapter �ve explores the myths themselves and looks to the future. This is 
not an unexpected direction to take as the authors have an interest in studies 
relating to futures, which contend that while we cannot predict the future, we 
can consider it.

The myths chosen are important for an understanding of the overlapping 
spheres of water services and water resources management. The distinction 
between the two concepts is addressed in the discussion of the �rst myth, i.e. 
that �Water resources and water services mean the same thing�. The authors 
explain that water resources management, comprising use, planning, and 
governance, can involve situations ranging from international treaties and 
transboundary waters to management of water bodies, whereas water services 
are governed at the local level where people rely on them. Personally, I have 
encountered this myth many times over the years and support the distinction 
made here. My own explanation focuses on water resources management as 
an overall approach that addresses all uses and occurrences of water, whereas 
water services are a subset of public services, which are the essential support 
systems provided by governments.

A further frequently occurring myth is �Water is a basic human right, and 
therefore, it should be free�. In discussions with my students, we �nd that 
reaching an understanding of these issues requires us to dive into the complex 
concepts of human rights, equity, a�ordability, and the needs of management 
to ensure these complicated water systems operate reliably. One explanation of 
this that I often o�er students is that water should be free, but who pays to keep 
the systems running? From here, one must dive into the world of managing 
water infrastructure and organisations, which is more complex than generally 
realised.

Taken together, the 21 myths contained in this book o�er a useful and 
comprehensive view of current issues in the water services sector. Thinking 
about these, one cannot help but be impressed by the complexity of the �rest of 
the story�, a line used by the famous US radio host Paul Harvey many years ago 
to explain societal issues. This book helps us to focus on the rest of the story 
of water services and is a small step toward achieving the goals of Sustainable 
Development Goal 6.

Professor Neil Grigg
Department of Civil and Environmental Engineering

Colorado State University, Fort Collins

on 02 September 2025



Preface

Water occurs in many forms in our daily lives and due to its diversity, can mean 
a range of di�erent things to di�erent people. Some of these meanings can 
develop into myths rather than being based on facts.

We all use water several times a day. Water, sanitation, and health are often 
taken for granted in a well-functioning society and built environment. However 
globally, close to one thousand children die each day due to unsafe water and 
lack of adequate hygiene. Historically, in what are now today�s high-income 
countries, water and sanitation conditions were very challenging until a change 
occurred around the early twentieth century. The inception of water supply and 
wastewater systems gradually improved living conditions, health, security, and 
the overall standard of living.

In this book, the concept of water services covers both community water 
supply and wastewater systems or sanitation. Although this could include 
stormwater management, this is not covered comprehensively and is mentioned 
only occasionally.

Through this book, the authors wish to dispel common myths related to 
water services, while simultaneously raising questions of concern relating to 
water services. People do not necessarily think about what kind of issues and 
challenges are related to water services and systems. The original book was 
published in Finnish; this English version has been completely rewritten and 
includes examples and references from various countries and continents plus a 
few cases from Finland.

The COVID-19 pandemic in particular reminded us of the necessity and 
indispensable value of water services. For example, we learned that viruses 
can be reduced by washing hands with warm water and soap. This requires 
operational water services, which are not yet available for all. Sadly, we have 
also witnessed the value of water to nations currently at war.

Regarding the Sustainable Development Goals (SDGs), number six (SDG6) 
on clean water and sanitation has many connections with other goals. In 
practice, none of the 17 goals can be achieved without reaching SDG6. Adapting 
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to and mitigating climate change also requires more sustainable governance 
and management of water resources and services.

Several colleagues have contributed to the preparation of this book with 
their advice and comments on selected parts or the whole manuscript: Andreas 
Angelakis, Ari Ahonen, Eero Arola, Ritva Britschgi, Neil Grigg, Laura Inha, 
Todd Jarvis, Ari Kangas, Seppo Knuuttila, Japhet Koroos, Toivo Lapinlampi, 
Vuokko Laukka, Richard Little, Alexandros Makarigakis, Harri Mattila, Olli 
Niemi, Reijo Oravainen, Kenan Ozekin, Mikko Perkiö, Kenneth Persson, 
Pekka Pietilä, Niko Putkinen, Eija Raimovaara, Jari Rintala, Osmo Seppälä, 
Arto Suominen, Mahendra Umare and Eija Vinnari. In addition, we o�er our 
sincere thanks for the open-ended re�ective essays written by six experts from 
four continents contained in chapter six.

The advice and assistance from Katharine Allenby, Mark Hammond, 
Andrew Peart and Joe Pilbrow from IWA Publishing, London, are gratefully 
acknowledged. The language of the manuscript was checked by Professor Eric 
Nealer from the University of South Africa, Pretoria, with �nal polishing by Dr 
Julie Fisher from High Peaks Editing, UK.

The writing and dissemination of this book has been supported by grants 
from the Association of Finnish Non�ction Writers, the Waldemar von 
Frenckell Foundation, the Middle Course Foundation, the Nessling Foundation, 
the Research, Development and Innovation Cluster (VEPATUKI) and Tampere 
University (TUNI) library. Our heartfelt thanks are given for this support.

This book is dedicated to the far too many billions of people around the 
world who still lack sustainable water services.

Tampere, Finland
World Water Day, 22nd March 2025

The authors
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Endorsements

�An invaluable analysis of an extremely important but often a seriously neglected 
issue.�

Risto Isomäki
Creative and professional writer, Finland

�Water has been around us throughout the entire history of humanity and 
through all our life. It is part of all the cultures around the world, each country 
and community has their own views and ways to manage the provision of water 
services. Naturally, myths have emerged about how these services should be 
managed. But what are those myths and, most of all, why are they myths? You 
will need to read the book (and sometimes allow yourself to be surprised) to 
�nd the answers, and inspire you to re�ect on what other myths might exist.�

Blanca Elena JimØnez Cisneros
�Ambassador of Mexico in France and Monaco, Senior Researcher at the 
Autonomous University of Mexico and member of the International Water 
Association Governing Board

�There can hardly be more important social innovations than those that 
address water supply or sanitation. Their impact on global health, resilience 
in both urban and rural areas, and sustainability generally cannot be 
overestimated. The book is so timely and important, both for those directly 
involved in resource governance and for those who want to understand how 
water services will shape our futures and the world.�

Professor Alf Rehn
University of Southern Denmark

�The authors discuss several well-informed avenues of thinking to 
demythologise and promote e�ective water services governance and 
management for the futures. It is an exceptional read for anyone interested in 
local and international water governance and management.�

Professor Johann Tempelho�
North-West University, South Africa
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�We must learn to live together as brothers or perish together as fools.� 
(Martin Luther King, Jr.)

�The best way to �nd yourself is to lose yourself in the service of others.� 
(Mahatma Gandhi)

1.1  INTRODUCTION
Since ancient times, the need for fresh, safe and healthy water has resulted 
in the development of various kinds of water supply and sanitation systems. 
From early history, civilisations have developed water puri�cation devices and 
treatment methods. The need for fresh water has in�uenced individual lives as 
well as whole societies.

In any society, water and wastewater systems are of fundamental importance 
to the development of communities and the wellbeing of both people and the 
ecosystem. Unfortunately, this fact has been reinforced by the COVID-19 
pandemic, by all manner of natural disasters, and by recent armed con�icts 
around the world. In such situations, clean water and sanitation are among the 
�rst things that need to be organised.

Mornings are a great time to re�ect on the often invisible individuals who 
work behind the scenes, powering our societal institutions and networks of 
services. These dedicated professionals � including plumbers, civil servants, 
nurses, teachers, lawyers, police o�cers, �re�ghters, electricians and many 
others � are the unsung heroes keeping our communities running smoothly. 
However, the World Economic Forum and World Resources Institute (2023) 
estimated that each year, 25 countries or one-quarter of the global population 
face extremely high levels of water stress, and at least half the world�s population 
live under these conditions for at least one month a year.

Chapter 1

The importance of water 
services

on 02 September 2025



2 Dispelling Myths about Water Services

According to the United Nations World Water Development Report 2018 
(UN Water, 2018a), nearly six billion people could potentially su�er from 
water scarcity for at least one month a year by 2050. Boretti and Rosa (2019) 
suggested that this number may be an underestimation due to increasing water 
demand, reduction of water resources, and increasing water pollution, all of 
which are driven by dramatic population and economic growth. Improvements 
in science and technology may alleviate these problems, yet, they argued that 
e�ective public policy is much more urgent, together with proper regulation 
and enforcement.

Water services (community water supply and wastewater services) for all 
is one of the greatest challenges of the twenty-�rst century, especially in low-
income countries, where 66% of the population is projected to live in cities 
by 2050 (UNDESA, 2014, p. 1). While high-income countries are facing the 
di�culties of maintaining and rehabilitating their existing systems, in low- and 
middle-income economies, the question is more about the lack of access to and 
the unviability of water and sanitation services.

In many high-income societies, wastewater treatment plants are often among 
the greatest environmental investments for communities. Unfortunately in the 
global context, as much as 80% of the world�s wastewaters still remain untreated 
(UN Water, 2018b), and consequently, 1.8 billion people use a drinking water 
source contaminated with faeces. A more recent study by Jones et�al. (2021) 
suggested that 48% of global wastewaters are released untreated into the 
environment. Other estimates show that only 10% of the world·s wastewaters 
are treated e�ciently. According to UNU�INWEH (n.d.), 52% of wastewaters 
are treated globally, while rates vary drastically between high-income (74%), 
upper-middle income (43%), lower-middle income (26%) and low-income (4.3%) 
countries. In any case, the global need for far more treatment capacity is acute.

A paradox can be seen if we look at the worldwide context. In communities 
with well-functioning and managed systems and services, people tend to take 
these for granted and fail to value safe drinking water and proper sanitation as 
they should. Too often it is argued that water and wastewater systems are invisible 
since a major part of their infrastructure lies underground. For most people, use 
of this infrastructure begins at the start of the day by washing faces, hands and 
teeth and defecating (emptying our bowels using the toilet). In comparison, if 
one does not have access to these services, this is felt through the substantial 
e�orts needed to carry water or buy it from vendors for a high unit price, the 
need to use shared or unimproved sanitation facilities, or even practise open 
defecation. Indeed, fees paid for water are relatively highest among peri-urban 
dwellers in low-income countries although their voices are not heard.

One of the key questions is how to consider water and water services as a 
commodity or resource. Water services in any community constitute a natural 
monopoly, a concept �rst introduced by John Stuart Mill in 1848 (Sharkey, 
1982). Therefore, it is not feasible to construct more than one network in a single 
area. In many countries, the �rst water and wastewater works were implemented 
through private concessions until 1900, with most of them later transferred into 
municipal ownership. This continued until 1989 when the UK Government 
decided to privatise regional public water authorities in England and Wales.
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Privatisation of water services was, however, soon followed by a global 
movement of remunicipalisation. From 2000 to 2015, a total of 235 urban water 
services in 37 countries were taken back into public ownership (Kishimoto 
& Petitjean, 2017). By September 2024, this number increased to 377 cases 
globally (Public Futures, 2024). It is currently estimated that approximately 
90�95% of customers worldwide receive their water from publicly owned or 
operated utilities. The question of privatisation of water services is discussed 
further under Myth 17 in chapter four.

It is possible to abandon a long-term perspective during crises such as the 
COVID-19 pandemic; the resulting biased perspective can make us see only 
the world�s inevitable destruction. Philosopher and academic, Georg Henrik 
von Wright (1916�2003), wrote several essays in the 1970s published in the 
book �Humanism as life stance� (von Wright, 1981). He pointed out how each 
generation sees the particular problems of their time to be the greatest, however, 
he reminded us of the necessity to reassess the possibilities available to us to 
be able to regain control and to direct technological development wisely (von 
Wright, 1981, p. 191). The historian Yuval Noah Hararís view is that people 
tend to overemphasise the importance of their own era including any gains and 
losses (Nieminen, 2020).

In high-income societies, it is easy to wash hands with soap and warm water. 
In low- and middle-income economies, it is the reverse; in 2022, two billion 
people still lacked basic hygiene services, including 1.3 billion with limited 
services and 653 million with no facility at all (UNICEF & WHO, 2023).

The UN World Water Development Report 2021 pointed out the value of 
water. The failure to fully value this in all its di�erent uses is considered to be a 
root cause or symptom of the political neglect of water and its mismanagement. 
All too often, the value of water is not prominent in public decision making 
(UN Water, 2021).

The 2030 Agenda for Sustainable Development was adopted by all United 
Nations Member States in 2015 (United Nations, 2015). This provides a shared 
blueprint for peace and prosperity for people and the planet, now and into the 
future. At its core are the 17 SDGs, which call all countries �developed and 
developing � into a global partnership. SDG6 has speci�c focus on clean water 
and sanitation although almost all the other goals are also connected to water 
(Figure 1.1).

According to Grigg (2016), water is a sector but also a connector of many 
other sectors and, therefore, it is particularly important and even unique in 
terms of sustainable development. Ending poverty and other deprivations must 
go hand in hand with strategies that improve health and education, reduce 
inequality, and spur economic growth � all while tackling climate change and 
working to preserve our oceans and forests (UNDESA, n.d.). Accurate data 
on global trends in urbanisation and city expansion is critical for assessing 
current and future needs relating to urban growth and for creating public policy 
priorities to promote inclusive and equitable urban and rural development. 
(UNDESA, 2014)

Water is largely connected to the question of overall wellbeing, which 
according to MatØ (2022, p. 3) �must move from the individual to the global in 
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every sense of that world�. Berman (2001, pp. 54�65, cited by MatØ 2022, p.�3) 
refers to global capitalism that has become a �total commercial environment 
that circumstances an entire mental world�.

1.2  WHAT IS THIS BOOK ABOUT?
This book deals with questions that people regard as problematic in terms of 
community water and wastewater services, referred to here as �water services�. 
It is based on the �ndings and experiences of public speaking and delivering 
lectures, especially by the �rst author, over a number of years to a variety of 
audiences, mainly in Finland but also elsewhere.

Additionally, the book incorporates research �ndings and cites many 
international references. It is meant for a wide audience including public 
decision makers, citizens, schoolchildren (senior), students, the media and sector 
professionals. Our intention has been to use language that avoids professional 
jargon as much as possible. Besides, the authors wish to promote critical 
thinking � to �nd a balance between academic and popularised text while at 
the same time promoting dialogue on water services and their importance.

The book covers a total of 21 selected myths. These are based on qualitative 
empirical evidence (Costa, 2025) from discussions with various audiences. In 
2010, it was noted that the questions raised by di�erent audiences started to recur. 
Most of these myths have been raised by members of the general public but also 
by sector professionals, civil servants and decision makers. Although work to 
gather these myths started before then, they were collected more systematically 
between 2016 and 2020 through various presentations to the general public and 
student groups, particularly in the �eld of civil and environmental engineering 
and health sciences. The authors have used their �eld experiences and research 
�ndings from several countries, for example, in Africa, Asia, Europe and North 
America, to explore these myths or what the authors see as �reality�.

The authors� �rst book published in Finnish in 2022 on �Myths on Water 
Services� focused on the situation in Finland and was well received. After this 
encouragement, the present version was completely rewritten in English, the 
authorship was expanded, mainly international references from 43 countries 
were used, and six re�ective essays from various parts of the world were received. 
Consequently, it is believed that the book now has a large potential global 
audience among English readers. It is a deliberate open-source publication, 
freely downloadable, while available also in print. It is our hope that it will be 
widely distributed and used.

The research material is predominantly based on more than 120 research 
projects conducted through the inter- and multidisciplinary Capacity 
Development in Water and Environmental Services (CADWES) research team, 
established in Tampere in 1998 by the Finnish authors who were located at two 
local universities � Tampere University and Tampere University of Technology. 
It de�ned its mission �to produce usable knowledge and education, based on 
multi- and interdisciplinary research, on the evolution and development of 
sustainable use of water services and water resources in a wider institutional 
context: organisations, governance, management, economics, legislation, 
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policy, rules and practices� (CADWES, a). This water services mission involves 
a process of putting pieces together as described by MatØ (2022, p.�9). It aims to 
give a broad understanding of systems and their management and the related 
institutions and governance.

The authors have also utilised the �ndings from a variety of educational 
activities, including the continuing education programme �Water Services 
Leadership and Development (WASLED)� which has taken place seven times 
between 2009 until 2024 (with 123 participants to date) and the annual 
conferences of the UNESCO Chair in Sustainable Water Services since 2012 
(CADWES, b).

Through the presentation, exploration and discussion of these myths, the 
authors present answers to the following key questions:

(i)	 What kind of myths prevail among the public regarding water and 
sanitation services and why?

(ii)	 How do myths impact water services regulatory governance, provision 
and production?

(iii)	 How could better understanding of myths be achieved in order to 
clarify and dispel them?

The major part of water services infrastructure is physically invisible 
because it is located underground. Yet the invisibility of water services is a 
myth in itself, since everybody uses these services several times a day, and 
sometimes even at night. Once they become non-operational, their real value is 
soon recognised. If pipes were to burst, people would experience inconvenience 
and even headaches due to the disruption of their daily routines. This leads to 
the question: how can the importance of this invaluable water infrastructure 
be more known and recognised for societal decision making? (Bennich et�al., 
2023; Prevos, 2018). A recent survey carried out in six countries shows that 
people do appreciate the value of water services (Kemira, 2020).

The book is organised into seven chapters. Following the introduction in 
chapter one, chapters two and three focus on technological issues. The second 
chapter covers water resources and water use in communities (Myths 1 to 4) 
and the third chapter, water services as community circulatory systems (Myths 
5 to 12). The fourth chapter deals with institutions and rules relating to water 
services (Myths 13 to 17), while chapter �ve looks at futures (Myths 18 to 21). 
At the end of each of chapters two to �ve are questions for further discussion. 
Chapter six covers requested re�ections by guest experts from six countries 
and regions in di�erent parts of the world, and chapter seven is the concluding 
remarks. Each chapter has its own list of references.

1.3  THE NATURE OF MYTHS
First, the nature of myths is discussed in a wide context, after which the speci�c 
myths related to water services are explained in the subsequent four chapters. It 
is probably fair to say that in any nation its historical myths are open to debate 
and it is likely that each generation has to create its own interpretations of these 
developments. As Jussila (2007) noted, new myths are born all the time.
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Myths in world history are explored, for example by Sonnabend (2014). 
Assumptions about the Dark Middle Ages have existed for a long time and 
more recently, researchers have corrected these views (Anon, 2023; Gabriele 
& Perry, 2021). A collection of articles titled �Galileo Goes to Jail and Other 
Myths about Science and Religion� elaborates on and invalidates 25 myths. 
Most of them originate from the late 1800s, from two single sources that are 
based on no scienti�c evidence (Numbers, 2009).

The Merriam-Webster Dictionary (n.d.) de�nes the term �myth� as a popular 
belief or tradition that has grown up around something or someone, or a person 
or thing having only an imaginary or unveri�able existence.

The importance of myth versus reality has increased during the so-called 
post-truth era that began in the early 2000s. The Oxford Learner�s Dictionaries 
(n.d.) de�nes post-truth as an adjective that is related to circumstances in which 
people respond more to feelings and beliefs than to facts. Post-truth or post-
factual politics is a political culture in which facts are considered irrelevant. 
It is regarded as being in�uenced by the arrival of new communication and 
media technologies. In this era of post-truth politics, it is argued that it is easy 
to cherry-pick data and reach any conclusion you choose (European Center for 
Populism Studies, n.d.).

Here, the authors de�ne the concept of myth as follows: a long-lasting belief 
that is at least questionable from the point of research-based evidence. The 
selected myths have appeared through conducting long-term research on water 
services and through several presentations and discussions with the general 
public, students and professional colleagues. In this book, the extent to which 
these myths are true in terms of research-based �ndings is explored.

After describing each myth, the authors present their views on the associated 
�reality�. However, it is not proposed that these descriptions are the only possible 
and correct interpretations. Rather, in their understanding they are � based on 
available knowledge � �interesting and possibly true�, a position noted by futures 
researcher Pantzar (1993) relating to scienti�c research. Pantzar also contended 
that trust in futures is important especially in crisis conditions (Pantzar, 2021).

Many of the myths are �wicked� in nature (Freeman, 2000); as complicated 
problems, they do not have simple and completely unambiguous answers. 
According to Beutler (2016), wicked problems are not solved � they can only be 
mitigated through an approach that emphasises empathy, abductive reasoning 
and rapid prototyping.

Scienti�c research is multidisciplinary and incoherent. The bias in favour of 
a positivistic, natural science approach in water research prevents satisfactory 
answers being found to wider water governance challenges as well as institutional 
and management issues. Water research should, therefore, be expanded to 
include diverse pluri-, cross-, inter- and multidisciplinary approaches as joint 
e�orts, while individuals should be encouraged to seek transdisciplinarity 
(Hukka et�al., 2007). Accordingly, Karin Gardes stated that many people still 
primarily associate innovation with technology. She, however, argued that 
innovation is a much broader concept that also needs to cover governance, 
�nance, values and culture (World Water Week, 2023). In chapter seven, the 
authors assess to what extent the myths presented are true or not, returning to 
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the research questions and a discussion of the wider implications, followed by 
concluding remarks.

Water supply and wastewater/sanitation services are addressed in both urban 
and rural contexts. Stormwater management is mentioned only occasionally 
although in many countries it is considered to be a key part of integrated urban 
water management (IUWM), which is a view shared by the authors. The focus 
of the book is on water services produced by utilities although the importance 
of self-supply systems is also noted.
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�You can make �re as long as you have enough strength to mince 
woodchips against each other.� (Source unknown).

�You can get water from the ground as long as you have enough strength 
to dig.� (Source unknown).

2.1  INTRODUCTION
Of all the water on the planet, only 2.5% is fresh and the rest is saline. In fact, 
the planet Earth perhaps should be known as �planet water� since over 70% 
of its surface is under water. Normally, it is only feasible to clean saline or 
brackish water through desalination for use by communities and industries if 
fresh water is not available. Such desalination plants are used, for example, 
in North America, the Middle East, and in the Mediterranean region. In 
the latter, freshwater supplies are often scarce and water demands are high. 
Desalination has been adopted for alleviating water scarcity, particularly along 
coastal areas, where freshwater resources are extremely limited. For economic, 
environmental and other reasons all existing freshwater cannot, however, 
be used. Consequently, water quality, water quantity and water equity are 
prerequisites for society and nature to function (Kattel, 2019).

In many countries, water services (i.e. network-based water supply and 
wastewater services, and on-site systems and facilities, de�ned as self-supply 
systems) are owned by individuals, property owners/custodians (self-supply), 
various entities or authorities, consumer-managed cooperatives (water users� 
associations), municipal water utilities, various types of supramunicipal 
(intermunicipal or regional) organisations/entities, and private enterprises. 

Chapter 2

Water resources and water 
use in communities: where 
does it all come from?
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The physical water service systems and/or entities and organisations can be 
connected to each other, or they can cooperate in various individual ways. 
The�World Health Organization recently launched new Guidelines for Drinking 
Water Quality: Small Water Supplies, which classify three types of water 
services management � by households, by communities and by professionally 
managed systems (WHO, 2024).

Since water is used mainly locally, the Dublin Statement on Water and 
Sustainable Development in 1992 recommended that decisions are taken at 
the lowest appropriate level, with full public consultation and involvement 
of users in the planning and implementation of water projects (ICWE, 1992). 
Furthermore, the overall trend in many parts of the world is towards municipal 
or local government-owned systems, although institutional arrangements may 
vary case by case and country by country.

Sustainable water infrastructure is critical to ensuring the social, 
environmental and economic sustainability of the communities served by water 
utilities (EPA, 2012). This depends, however, on the practices relating to the 
following three levels that support each other (Figure 2.1):

(i)	 Sustainable Water Infrastructure: Sustaining collection and distribution 
systems, treatment plants and other infrastructure that collect, treat and 
deliver water-related services.

(ii)	 Sustainable Water Sector Systems: Sustaining all aspects of the utilities 
and systems that provide water-related services.

(iii)	Sustainable Communities: Promoting the role of water services in 
furthering the broader goals of the community.

Figure 2.1  Hierarchy of sustainable communities.
 Source: EPA (2024).
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In this chapter, the focus is on sustainable water infrastructure, exploring 
the myths connected to water resources occurrence and raw water source 
selection in communities as well as to the kind of systems that are needed 
to be able to provide water services for residents and other water users. The 
framework in Figure 2.1 is further developed for institutional development in 
the introduction to chapter three.
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Myth 1: Water resources and water services mean the same thing

In many countries, rivers provide the majority of surface water resources. In some 
countries, this is from lakes, while others rely exclusively on groundwater. For 
instance, in Finland there are approximately 168,000 lakes of which 56,000 are 
over one hectare (Toivonen, 2019). Neighbouring Sweden has even more lakes: 
227,000 with an area over 1000 m2 (¯berg, 2009). In Norway, communities rely 
exclusively on surface waters while in Denmark it is groundwater. Geological 
and geomorphological conditions set the boundaries of what is feasible in terms 
of abstracting water for community and other uses.

According to Jasechko et� al. (2024), rapid groundwater level declines are 
widespread in the 21st century, particularly in dry regions with extensive 
croplands. These declines have accelerated over the past four decades in 30% 
of the world�s regional groundwater aquifers; this demands special attention be 
paid to more e�ective methods of groundwater management.

In many parts of the world, there are strong seasonal variations in rainfall, 
whereby a major part of the year is subject to drought, with a short season of 
excess rainfall and �ooding. Due to the prohibitive costs of transporting water 
at least to other continents or across very long distances, it is preferable to try 
to solve water problems locally as much as possible.

If we imagine the Earth as a 100-litre water barrel, all the fresh water 
would represent only three litres of this, half a litre would be available for 
the human race, but only half a teaspoon would be easily accessible fresh 
water (Figure�2.2). Much of this is groundwater used by over half the world�s 

Figure 2.2  Relative shares of salty and fresh water on earth.
Illustration: Kuusisto (1994, modi�ed by Pertti Väyrynen).
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population. Yet, groundwater deposits are often not known about, and in many 
cases are overused (Kuusisto, 1994).

According to a recent study by Richardson et� al. (2023), the Earth has 
already passed beyond six of the nine planetary boundaries and the latest of 
them concerns fresh water. This study used stream�ow as a proxy to represent 
blue water (surface and groundwater) and root zone soil moisture to represent 
green water (plant available water). Water quality related issues were also 
considered in relation to the other boundaries, namely biogeochemical �ows 
and novel entities.

Other sources contend that in spite of seasonal shortages and scarcity, 
the world is not facing a water crisis as such, being much more a question of 
its lack of proper management. The World Water Development Report (UN, 
2003) concluded that �The water crisis is essentially about how we as a society 
perceive and govern water resources and services�. Gleick (2023) reminds 
us that our economic and political systems have traditionally valued only 
extraction, monetisation, and consumption of resources rather than e�ciency, 
sustainability and environmental protection. According to him, this is now 
changing towards healthy environments and ecological restoration.

The lack of clean water is mainly caused by human activities such as 
water pollution, overuse of water, increased demand for clean water, and 
mismanagement of water resources. In many regions, water pollution and the 
lack of action to do something about this are probably the worst culprits.

Water resources use, planning and governance are needed at several levels 
from transboundary waters to water courses and waterways of various 
sizes. Water resource governance is also linked to water services (Figure 
2.3). Worldwide, there are approximately 285 transboundary rivers and lake 
basins that are shared by two or more countries. Altogether, 153 countries 
have territory within such areas. In addition, there are 592 transboundary 
aquifer systems (UN Water, 2024). However, it is worth noting that water 
services and their governance are closer to the end users of water (citizens, 
institutional users and industries within these communities). According to the 
second Dublin Principle, they should be managed at the lowest appropriate 
level (ICWE, 1992):

Water is used for many purposes by communities and societies; their relative 
shares of this resource vary depending on the speci�c situation. However, 
priorities for water use are surprisingly similar around the world in spite of 

REALITY: The use, planning and governance of water resources are 
needed at several levels from international treaties and transboundary 
waters to water bodies. Water services, for their part, are governed at the 
local level where citizens use them several times a day. In many countries, 
the responsibility for providing and developing water services lies with 
municipalities or other public sector institutions.
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di�erences in the quantities of water used and the diverse socio-economic 
conditions that prevail. A survey was distributed in 2001 to 2002 to students in 
ten countries in various continents. They were asked to rank ten uses of water 
according to �rst, their actual use, and second, how they should be used. In the 
latter category, on average, community water supply was ranked �rst, nature 
conservation second and hydropower third. Following this were: industrial 
water supply, irrigation, �ood control and drainage, �sheries and �sh farming, 
recipients of wastewater, recreational use, and waterborne transportation. In 
general, the priorities suggested varied less than was originally anticipated. The 
survey also implied that the priorities of water use should be a consideration in 
integrated water resources (Katko & Rajala, 2005).

The International Law Association (2004) stated that water and wastewater 
services ful�l the �vital human needs� of communities and, therefore, play a 
fundamental role in societal and community development. Thus, the governance 
of water resources includes water quantity, water quality and water use priority 
in relation to other purposes.

In some countries, even water resources have been privatised such as 
in Chile where tradable water permits are operated (Water Resources 
Management in Chile, n.d.). To the researchers� knowledge, in Finland 
and most other countries, legislation guarantees that water for community 
purposes has the highest priority. Landowners do not own water resources, 

Figure 2.3  Water management: interactions and levels of water resources and water 
services management.
Source: Pietilä (2006); Katko (2016, p. 19, modi�ed).
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including groundwater. However, they have the right to take water for their 
own use (Vesilaki, 2011).

Related to the priorities of water use is the issue of �virtual water�, which 
was formerly a very popular concept, referring to water needed to produce a 
particular quantity of agricultural commodity. However, Warner and Johnson 
(2007) highlight the fact that �virtual water� is as state-centric as the �water 
wars� thesis. Besides, state security is not the same as household security. 
Barnes (2013) contends that water ful�ls multiple functions beyond watering 
crops. Furthermore, the concept of virtual water fails to consider the labour 
needed to channel water onto the �elds and the process of the water itself 
moving through the landscape.

Water service systems lie close to the bene�ciaries, that is citizens and 
communities. In many countries, the duty to provide and arrange water 
services is increasingly that of local governments (municipalities) or respective 
public sector authorities. Other major stakeholders often include key 
ministries, central, regional and municipal authorities, elected o�cials, water 
and wastewater utilities, water users� associations, enterprises (consulting 
companies, contractors and material suppliers), educational and research 
institutions, professional associations and non-governmental organisations.

For water services, the researchers apply the subsidiarity principle, one of 
the cornerstones of the Maastrict Treaty, the Charter of the European Union 
(Maastricht Treaty, 2024). An action is to be taken only if �by reason of the scale 
or e�ects� the objectives cannot be more �e�ciently� achieved by the Member 
States themselves.

Another important fact is that the global water crisis is a women�s issue: 
in what UNICEF calls �a colossal waste of time�, women and girls spend an 
estimated 200 million hours hauling water every day (Concern Worldwide USA, 
2021). Furthermore, due to the lack of access to clean water and sanitation 
services, diarrhoea kills 2195 children every day � more than AIDS, malaria 
and measles combined (Concern Worldwide USA, 2022).

Regarding water services, the distinction between provision and production 
is important and is discussed in more detail in chapter three.

Connections to water services are one of the most important means of 
guaranteeing the welfare of citizens and communities. Water and its sustainable 
use are one major way to eliminate poverty and promote more sustainable 
habits regarding natural resources. For instance, in Nordic countries and other 
parts of Europe, existing polluted surface waters have improved to an often 
good condition thanks to appropriate water pollution control in communities, 
industries and other point sources. The same is frequently the case for 
groundwater protection. However, loadings from non-point sources such as 
agricultural �elds, forests, marshland and urban runo� and more recently, 
browni�cation of surface waters, are more di�cult to control.

Water services currently face and will continue to face major challenges, 
particularly in areas with high population growth and where populations are 
declining. In relation to climate change, UNICEF (2023) stated that extreme 
weather events and changes in water cycle patterns are making it more di�cult 
to access safe drinking water, especially for the most vulnerable children.
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Myth 2: Groundwater occurs in veins

Traditional groundwater dowsing (also witching or divining) by a willow rod 
has been a common practice in Finland and in many other countries. A branch 
of a willow tree has been used for dowsing so-called �water veins� in Finland, 
especially in rural areas (Figure 2.4). In Europe hazel twigs are used, and in 
the USA this is traditionally witch hazel (Wikipedia.org/Dowsing, n.d.). The 
assumption has been that groundwater occurs in geological rock formations 
resembling veins. Some water dowsers use golden rings hanging on a string or 
a metal rod. Although this tradition has a long heritage, research �ndings have 
questioned the e�cacy of this belief.

The �rst written documents on water dowsing date back to the 1500s in 
Germany, where rods were used in attempting to locate ores (Ellis, 1917). In 
the 1600s, this practice spread to other parts of Europe and later to the rest of 
the world (Raittila, 1987). According to Vilkuna (1951), this �innovation� was 
di�used to Finland in the late 1800s.

Between 1949 to 1950, the Engineering Department of the National Board 
of Agriculture in Finland explored the methods used by over 100 well-known 
water dowsers in the country. They invited 42 recognised experts to locate 
water �veins� in the botanical gardens of the University of Helsinki. They 

Figure 2.4  Traditional groundwater dowsing.
Illustration: Pertti Väyrynen.
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were blindfolded so they could not see the terrain. After the �rst round, the 
three most famous dowsers were given another chance, starting from another 
corner of the area. However, as shown in Figure 2.5, the results were mutually 
inconsistent. Later studies have come to a similar conclusion in Finland.

In Figure 2.5, the last three results (39�41) of this second trial by the three 
experts, suggest that the scienti�c evidence is that dowsing is no more e�ective 
than random chance; this is also shown by studies including those in the US 
in the late 1920s, in Algeria in 1943 to 1944, in New Zealand in 1948, in 1971 
in Britain, in 1990 in Munich, Germany, and in 1991 in Kassel, Germany 
(Wikipedia.org/Dowsing, n.d.).

It is true that the forward pointing tip of a forked willow branch can bend 
toward the ground when used by a dowser. Often, water seeps through the 
bottom of the branch, and may give the impression that this comes from a 
pipe or vein. Yet this phenomenon is not directly linked to the amount, quality 
or depth of groundwater. Indeed, it is obvious that dowsers are practical 
�kitchen geologists� who locate the most potential sites based on landscape 
and vegetation.

Beliefs in water �veins� and dowsers remain strong and have spread to many 
countries such as the USA (Vogt & Hyman, 1959). In a historical context, the 

Figure 2.5  Water veins identi�ed by the most famous water dowsers in Finland, 1949�50.
Source: Wäre (1953, p. 49).
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researchers found notes on water dowsing, for example from Germany and 
Spain in the sixteenth century (Wikipedia.org/Dowsing, n.d.). More recently 
in the early 1980s, a development cooperation project in Sri Lanka, sponsored 
by Germany, tried to locate water veins with �modern rods� (Särkioja, 2012). 
In Namibia in 1994, the Department of Water A�airs announced a training 
programme for water diviners, again to be sponsored by the German 
development cooperation (Braune, 2021).

Related to water dowsing is the belief that sensitive people can distinguish 
water veins by electromagnetic radiation. This was the topic of a doctoral 
dissertation but it was dismissed by measurement technology in the �eld of 
technology and natural sciences (Rahko, 2012). It is probable that this would 
have been valued more in an ethnologic study.

Colleagues report that this tradition is well known in India (Umare, 2024) 
and Latin America (Castro, 2024). As an alternative to dowsing, knowledge 
and interpretations of bedrock geology and geophysical investigations should 
be used. However, traditional dowsing can still be employed, for example in 
locating individual wells based on the practical knowledge and experience of 
dowsers in a speci�c, small location.

2.2  GEOLOGY MATTERS
Groundwater is water that exists beneath the Earth�s surface, �lling the spaces 
between soil particles and rock layers. It primarily resides in the pores and 
voids found within geological formations known as aquifers (Water Science 
School, 2019). Groundwater is found in usable quantities most often in sand 
and gravel formations and in European stalactite caves. An example here is 
given of a sponge. When wet, it absorbs water into its pores, which can be 
squeezed out. Similarly, groundwater is held in the pores of materials such as 
sand, gravel and fractured rock, and it can be extracted through wells (drilled 
boreholes) (National Groundwater Association, 2023). Various factors in�uence 
groundwater movement and availability, including geology, precipitation, 
human activities and topography.

For example, Finland has a unique geological history. Its oldest formations of 
Precambrian bedrock and its youngest glacial formations have a fundamental 
impact on groundwater conditions in Scandinavia and Finland (Donner, 
1995). The sand and gravel deposits, created during the last ice age, formed 
the glacio�uvial deposits such as eskers. On the Finnish western coast, acid 

REALITY: Groundwater occurs practically everywhere in sand and 
gravel formations. When blind tested, even the best water dowsers 
produce di�erent maps of the so-called water veins they �nd. Water 
dowsers are �kitchen geologists� who explore and observe nature and use 
their experience in the trade.
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Myth 3: Managed groundwater aquifer recharge will damage 
groundwater formations

For community water services, citizens need to select the most viable of the 
available options � surface water, groundwater, managed aquifer recharge 
(previously called arti�cial recharge), or even desalination of seawater 
or brackish waters in some cases � or select and combine several of these 
to formulate the most e�ective alternative. On a global scale, the use of 
groundwater has increased continuously, and in some areas has challenged its 
sustainability, particularly in climatic regions experiencing drought.

Managed aquifer recharge (MAR) refers to the methods used to maintain, 
enhance and secure groundwater systems under stress. By the 1870s, riverbank 
�ltration for drinking water supplies was well established in Europe. Although 
the �rst in�ltration basins in Europe appeared in the 1890s in Sweden and 
France, the more intensive use of MAR began in the 1960s (Dillon et� al., 
2019).

A fairly common threat scenario, at least among Finnish citizens, is where 
the in�ltrated water taken from a lake or river could spoil, damage or block 
the esker or the respective sand and gravel formation where water is in�ltrated 
(Figure 2.7). This might cause some environmental impacts depending on the 
conditions. Yet at the same time there has been surprisingly little concern even 
by environmental protection bodies about gravel mining where the eskers 
would be permanently destroyed. The most important groundwater bodies 
should certainly be reserved for community water supply. Often, groundwater 
is out of sight and, therefore, it is not widely recognised and understood that 
this represents up to 98.7% of all freshwater resources (Closas, 2024).

Interestingly, in the 1910s in Finland, there was a strenuous debate on 
groundwater use and how to estimate its safe and sustainable yield, and 

Figure 2.7  Many are worried that arti�cial groundwater recharge will damage the eskers. 
Even those who do not seem to be concerned about gravel extraction will soon be close 
to destroying all existing eskers.
Illustration: Pertti Väyrynen.
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more generally, on which raw water to abstract and use, that is surface or 
groundwater (Katko, 2016, pp. 58�67). More recently, criticisms have come 
from the general public. Their resistance to MAR projects may be related to a 
lack of understanding about the nature and extent of groundwater occurrence 
and its ownership.

In chronological order, Dillon et�al. (2019, p. 9) recognised �ve categories 
of MAR: streambed channel modi�cations (e.g. in�ltration gallery, subsurface 
dam), bank �ltration, water spreading, recharge wells, and runo� harvesting. 
Previously, MAR was commonly called arti�cial recharge. The classi�cations 
may also vary, for instance in Finland, bank �ltration is not o�cially accounted 
for under MAR, while the actual options usually cover in�ltration basins, 
sprinkling, or well injection (Katko, 2016, pp. 58�67).

In Europe, Sprenger et� al. (2017) found a total of 224 MAR systems in 
23 countries including Finland, France, Germany, Hungary, the Netherlands, 
Poland, Slovakia and Switzerland. Through their global MAR inventory, 
Dillon et� al. (2019, p. 1) observed that MAR, together with water demand 
management, is an increasingly important water management strategy, that 
also protects and improves water quality. However, some speci�c challenges 
relating to water quality can still be highlighted. Geological and climatic 
factors as well as governance structures can have an impact on the application 
of MAR.

MAR is mainly used for raw water treatment in Finland and Sweden 
(Kolehmainen, 2008), whereas in the USA, Australia and many European 
countries it is used for storage of �surplus� surface water supplies in groundwater 
aquifers (aquifer storage and recovery, ASR) (Balke & Zhu, 2008; Barnett et�al., 
2000). In the USA, the number of underground storage systems increased from 
three in 1983 to 72 in 2005, and this was estimated to be increasing (National 
Research Council, 2008).

In Oregon state, USA, there have been interesting changes in the use of 
MAR. Initially, it focused on supplementing drinking water supplies, however, 
after federal regulations required extensive pretreatment, only municipalities 
with water treatment plants could a�ord it. MAR remained in use in areas 
with undergoing groundwater depletion. Its use was also reestablished in 
municipalities that conjunctively used surface water and groundwater systems 
but faced issues with harmful algal blooms in their storage reservoirs. Fires are 
common in Oregon and regularly threaten surface water supplies with burned 
materials (Jarvis, 2023).

According to Eberhard and Israel (2021, p. 12), in the African context, MAR 
is practiced most in South Africa (17 reported cases), followed by Tunisia (11 
cases), Kenya (eight cases) and Algeria (�ve cases). In South Africa, remarkable 
progress has been achieved on MAR, driven by the research and programmes 
over the last 50 years of the Water Research Commission. However, the 
bottleneck in MAR�s implementation is not due to a lack of knowledge 
or technical skills, but is rather caused by slow institutional development 
(Eberhard & Israel, 2021, pp. 69, 75).
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In Finland, community water supply has increasingly relied on natural and 
arti�cially recharged groundwater as the raw water source. The �rst modern 
MAR systems in Finland came into use in the 1970s (Katko, 2016, p.� 63). 
Several MAR projects have proceeded well due to the cooperation between 
the parties involved, while some have faced considerable resistance from the 
general public or some stakeholders.

According to Kokko (2023), the content and objective of the precautionary 
principle stipulated in the new Nature Conservation Act are no longer coping 
with the well-established precautionary principle applied in the international 
biodiversity legal system, in the national judicial culture or in the legal practices 
of the Supreme Court of Finland and the Court of Justice of the European 
Union. One major MAR project has already been terminated in 2024, due to the 
Supreme Administrative Court�s recent interpretation and judgment about this 
controversial and problematic principle. This MAR was assessed by experts to 
be much more economical and ecofriendly as well as a more reliable and safer 
water source option compared to surface water.

MAR plants in Finland provide supplies for 16% of the country�s total 
drinking water (Kurki et�al., 2013). These systems mostly use basin recharge, 
sprinkling in�ltration and a few use well injection (Katko, 2016, pp.� 62�65; 
Jylha-Ollila et�al., 2020). It is often di�cult to assess the actual magnitude of 
�ltration since the permeability may change.

The share of groundwater and surface water use for urban areas may vary 
remarkably depending on the country and region and its hydrogeological 
conditions. For instance, of the Nordic countries, Denmark uses only 
groundwater for drinking, industry and agricultural purposes (Jłrgensen 
et�al., 2017, p.�1), while in Finland, the use of combined groundwater and MAR 
arti�cial recharge accounts for 65% of community use (Rintala, 2020). Sweden 
provides surface water to 60% of its communities and combined groundwater 
and MAR to 40% (Statistiska centralbyran, 2017). Norway abstracts only 
surface water.

Other countries with high ratios of groundwater use include Lithuania, 
Slovakia and France (IWA, 2012; cited by Jłrgensen et�al., 2017, p.�5). Globally, 
groundwater is an essential resource that provides the largest freshwater 
storage, apart from the ice caps. Current groundwater abstraction represents 
26% of total freshwater withdrawal globally, supplying almost half of all 
drinking water. For drinking water supply, one advantage of groundwater is 
that it is naturally protected from many contaminants.

The Turku region MAR project is the largest in Finland, currently 
supplying approximately 65,000 m3 of water per day. Although it took 40 
years to implement the scheme, the delay allowed more time to use and 
develop modern hydrogeological surveys such as 3D modelling within the 
MAR area (Artimo et�al., 2008). According to Zheng et�al. (2021, p.�22), �The 
system is extensively monitored and managed to ensure compliance with 
environmental and health regulations�. In this case, thorough hydrogeological 
and hydrochemical investigations produced the required critical knowledge 
(Zheng et�al., 2021, p.�71).
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Drawing on a range of sources, the major advantages of MAR systems are 
commonly seen to include a planned overall system, good and homogeneous 
quality, an almost stable temperature, and the non-use of chemicals. 
Disadvantages may cover the risk of raw water pollution, possible problems 
due to blue-green algae occurring in the surface waters in the warm seasons, 
impacts on the recharging environment, and potential economic and social 
contradictions due to competing interests. In case of raw water pollution, it 
is possible to temporarily shut down raw water abstraction without stopping 
water supply.

Conjunctive water management allows the combined use of surface and 
groundwater and other non-conventional sources. For instance, in Geneva, 
Switzerland, household water is supplied partly from groundwater and partly 
from Lake Geneva, while the groundwater component is replenished by 
recharge from the Arve River (de los Cobos, 2002). Groundwater supply to 
Berlin, Germany, is bank �ltrate from percolated stormwater and surface water 
(IWA) as is the traditional water drawing through riverbanks upstream of the 
river Danube in Budapest, Hungary (Nagy-KovÆcs et�al., 2019).

Under Finnish conditions, groundwater has at least three advantages over 
surface water in urban areas. It is often of better quality, its temperature is 
more stable, and it is better protected from immediate surface contamination. 
Groundwater use can, however, be limited by excess iron and manganese, 
particularly in the coastal regions, as well as by excess �uoride in weathered 
bedrock in some locations. Use of MAR can help mitigate this (Juuti et� al., 
2023).

The use of groundwater for drinking purposes can have serious limitations. 
The global distribution of geogenic high arsenic groundwater is mainly in 
inland basins and river deltas in South Asia, East Asia, and South America 
(Guo et�al., 2024). Small amounts of �uoride are helpful but in excess this may 
pose a serious health risk (Dar & Kurella, 2023). Additional challenges can be 
the result of nitrogen pollution of groundwaters (Sun et�al., 2024).

The many advantages and disadvantages of surface and groundwater depend 
largely on local conditions and scale, factors which may also be contradictory. 
Looking to the future, it is necessary for any country to maintain both water 
sources in as good condition as possible. This will also improve overall security, 
and the security of supply for water services. The use of MAR also has future 
potential for reuse and storage of water resources using nature-based solutions.

REALITY: Groundwater can be drawn from and arti�cially recharged 
water produced in sand and gravel formations. Managed groundwater 
aquifer recharge may, to a minor extent, have some harmful impacts on 
the environment. If needed, water to be in�ltrated can be pretreated. 
However, long-term gravel mining is a much greater threat, and the most 
important groundwater areas should be protected from this to preserve 
groundwater use and MAR purposes.
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Myth 4: Water comes from the tap, and that is all we need

Water comes from the tap and electricity from the plug. Or do they just appear 
by themselves? Occasionally, it has been noted that the general public may 
deem that water services and the systems behind them are simple and easy to 
manage. While opening the tap, a water user seldom thinks about everything 
that is needed to have clean piped water, with wastewaters collected and treated 
e�ciently and continuously, 24 hours a day (Figure 2.8).

Overall, planning, construction, and operation and maintenance of water 
service systems require appropriate technology, economic resources, various 
types of governance systems, and versatile competences. As a starting point, 
in developed countries water services are assumed to operate 24 hours a day, 
seven days a week. This is seen as a goal for all to strive for.

As discussed in Myth 1, integrated water resources management (IWRM) has 
been internationally promoted rather than individual water-related sectors. This 
is emphasised in those countries with scarce water resources but which often 
have signi�cant seasonal rainfall variations and competing water use purposes.

In relation to the most important purpose of freshwater use � water and 
wastewater services � relatively little attention has been paid to the fact that 
water and wastewater utilities could in many cases be merged at least at a local 
level (Juuti & Katko, 2005). In supramunicipal and other larger systems, water 

Figure 2.8  Water comes from the tap and electricity from the plug by itself. Or do they?
Illustration: Pertti Väyrynen.

REALITY: Water service systems are complicated networks that are 
largely invisible and underground. Their construction, operation and 
maintenance require technology applicable to local conditions, a high level 
of capital, a variety of governance systems and versatile competencies.
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service areas may di�er, thereby making such consolidations more di�cult. Yet, 
these need to be considered case by case. It is the same water that is abstracted 
for community use and after e�cient treatment is discharged to water bodies. 
Most often, water is returned to a di�erent location downstream of the water 
body. If anything is integrated, why not these services?

Stormwater is often included as part of urban water management, although 
it may be subject to its own legislation. Stormwater management aims to 
reduce runo� of rainwater or melted snow onto streets, lawns and other sites 
(EEC Environmental). However, with climate change, and changing rainfall 
and weather patterns, stormwater management is becoming vital. Another 
important consideration is the tradition of sewerage management. Older cities 
in many parts of the world still have a large network of combined sewers. 
During periods of heavy rainfall, their capacity is exceeded, and wastewaters 
cannot usually be treated other than by mechanical methods. This can cause 
major overloads to water bodies and the environment. The direct impacts of 
this problem were evidenced during the summer Olympics in Paris 2024, when 
the water quality of the river Seine caused some swimming competitions to 
be postponed (Bose, 2024). By comparison, newer cities often have separate 
sewers (Figure 2.9). It may be that in the future, the �rst �ushes of stormwater 
will need to be treated (Maniquiz-Redillas et�al., 2022).

Sustainable stormwater management makes it more important to have 
proper cooperation and dialogue between land use planning and water 
services. Although tightening of urban infrastructure and increasing the 
density of the built environment are a current fashion, this certainly has its 
limits. Citizens appreciate adequate recreational areas such as parks and the 
natural environment. To manage stormwater, people need to leave su�cient 
open, unpaved space as well as retention areas for stormwater routes while 
preparing for excess rainfall. Furthermore, groundwater protection has to be 
considered in urban planning. For this reason, the term integrated urban water 
management is used (IUWM) (Bahri, 2012).

In addition to conventional water sources, there are alternative water 
supply sources that cities can develop to achieve urban water security. In 
Singapore, NEWater process recycles treated used water into ultra-clean, 
high-grade reclaimed water, which supplies up to 40% of the area�s water 
needs. In Melbourne, a recycled water project aims to deliver high quality, 
class A recycled water to housing estates. Also, a recycled water project is 
being implemented in two locations in Hamburg, Germany: one is a theme 
park for educational purposes, the other a planned project for 630 residential 
units that will separate out blackwater, greywater, and stormwater. In Tucson, 
Arizona, the utility gives rebates for qualifying rainwater harvesting systems 
in two categories up to $2000 per property (Brears, 2018). In Australia, 
Queensland, Urban Utilities supplies ��t for purpose recycled water� � 
that is various qualities of recycled water treated to meet the customers� 
requirements, with the price corresponding to the quality (Brears, 2018). 
One more option is Managed Aquifer Recharge (MAR) or Arti�cial Recharge 
discussed in Myth 3.
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Figure 2.9  Connections of water, wastewater and stormwater systems in a city with 
separate sewers.
Illustration: T. Katko 2025.
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2.3  DISCUSSION QUESTIONS
(1)	 How do you see water and water services in terms of the SDGs?
(2)	 What are the pros and cons of using groundwater as raw water for 

community water supply?
(3)	 Why do some people perceive managed groundwater aquifer recharge 

as a greater threat to the environment than gravel mining?
(4)	 What is needed in order for community water supply to remain in 

continuous operation, 24 hours a day, seven days a week?
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�I believe that water is the only drink for a wise man.� (Henry David 
Thoreau)

�Water is life�s matter and matrix, mother and medium. There is no life 
without water.� (Albert Szent-Gyorgyi)

3.1  INTRODUCTION
Well-functioning water utilities play an important role in societal progress in 
communities worldwide. It is likely that the bene�ts of safe and reliable water 
services are systematically underestimated due to many non-economic advantages, 
which are di�cult to quantify but are of high value to the users in terms of 
dignity,�convenience, social status, cleanliness, health and overall wellbeing. In 
addition, safe and reliable water services appear to be a key driver for economic 
growth � including investments by businesses that are reliant on sustainable water 
services for their production processes and workers (OECD, 2011).

As mentioned in the introduction to chapter two, the three levels of sustainable 
water services that support each other are: Sustainable Water Infrastructure, 
Sustainable Water Sector Systems, and Sustainable Communities (EPA 2023). 
Takala (2017, p. 511) claimed that sustainable development has meaning in 
relation to water services only if they are examined as part of the community 
or municipality they serve. Therefore, Takala (2017, p. 503) suggested that 
sustainable development of water systems needs to be examined as part of 
public services and the public good. Public good should not, however, be de�ned 
by the experts alone but necessitates dialogue and community involvement.

The Nobel Laureate Ostrom (2010) lists several design principles that can 
be applied to characterise robust institutions for e�ectively governing and 
managing public water services (Box 3.1). These design principles appear to 

Chapter 3

Water services as a 
community (blood) 
circulatory system
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synthesise core factors a�ecting the probability of long-term survival of an 
institution developed by water service users.

Hooghe and Marks (2002, p. 8) considered that beyond the common agreement 
that e�cient governance must be multi-level, there is no consensus about how 
this should be structured. However, according to Oakerson (1999), Ostrom and 
Ostrom (1991) and the Advisory Commission on Intergovernmental Relations 
(ACIR, 1987), a public service industry or local public economy should have three 
components. They are jurisdictions and organisations that provide, jurisdictions 
and organisations that produce or supply goods or services, and jurisdictions 
and organisations that legislate and administer rules governing provision 
and production. Heikkila (2004, pp. 102�103) argued that when provision, 
production and governance are separated, jurisdictions have opportunities to 
address a shared problem related to the management or use of a resource by 
coordinating service production. Therefore, interjurisdictional coordination 
can allow small-scale jurisdictions to engage in conjunctive water management 
in a way that eliminates the need for a large and centralised authority.

According to Parks and Oakerson (2000, p. 170), local public economies 
research makes an important distinction between provision of goods and 
services and their production, as shown in Box 3.2.

Box 3.1 Institutions for governing and managing effectively public 
water services

(a)	 Water service users are authorised to participate in public decision 
making and modifying related governance rules.

(b)	 The use and condition of public water services must be monitored.
(c)	 E�ective and e�cient con�ict resolving mechanism(s) must be 

introduced.
(d)	 Governance rules are congruent (in line) with local social and 

environmental conditions.
(e)	 Self-governance of local water service users is recognised by 

higher level authorities.
(f)	 Comprehensive public water service governance must be organised 

in multiple levels, where the lowest levels are representing the 
local community (Ostrom, 2010).

Box 3.2 Provision and production
Provision � Decisions made through collective-choice mechanisms:

(1)	 The type of goods and services to be provided by a designated 
group of people.

(2)	 The quantity and quality of the goods and services to be provided.
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Regulatory governance refers to the following:

(a)	 the application of binding rules � including standard setting, monitoring 
and sanctioning � by which governments can intervene in the activities 
of speci�c categories of economic, political or social actors to e�ectively 
regulate society and economy; and

(b)	 the systematic implementation and operation of government-wide 
policies on how to use regulatory powers to produce quality regulation 
within the procedural values of the governing system (such as democratic 
processes).

The goal of good regulatory governance is to ensure that regulations e�ciently 
produce economic, social and environmental bene�ts. This means that widely 
de�ned bene�ts should justify widely de�ned costs, they should be the minimum 
needed to produce any level of bene�ts, and resources should be allocated to 
their highest values. (Jacobs & Ladegaard, 2010).

Based on the aforesaid three components, Katko and Hukka (2015) proposed 
the following multi-level governance pyramid for the sustainable water services 
of European Union member countries (Figure 3.1):

According to Heikkila (2004, p. 111), local public economy (or public service 
industry) theory conceptualises institutional boundaries as being formed 
around local problems that a�ect a group of individuals, rather than around a 
physical resource or good. Low et�al. (2003) argued that the presence of larger, 
overlapping jurisdictions is an important complement to the work undertaken 
by parallel, smaller scale units. Larger units can back up the smaller units in 
several ways: (i) providing support at times of natural disasters; (ii) addressing 
corruption or gross ine�ciency; (iii) providing scienti�c and technical skills to 
complement the local knowledge; (iv) providing con�ict resolution arenas for 
con�icts among parallel units; and (v) taking on functions that are generally 
more e�ciently undertaken by larger units.

(3)	 The degree to which private activities, related to these goods and 
services, are to be regulated.

(4)	 How the production of these goods and services is to be arranged.
(5)	 How the provision and production of these goods and services is 

to be �nanced.
(6)	 How the performance of the producers of these goods and services 

is to be monitored.

Production � Production refers to the actual process of producing and 
delivering the services on which the provision authority has decided:

(1)	 The more technical process of transforming inputs to outputs � 
making a product, or in many cases, rendering a service.

(ACIR (1987) cited by Ostrom et�al. (1993)).
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Multi-level governance planning can be conducted in accordance with 
the principle of subsidiarity (Papunen (1986), cited by Haapalainen (1996)). 
Haapalainen (1996) pointed out that this principle has two main dimensions: 
centralisation and decentralisation. The focus of multi-level planning is 
on the system, having multiple levels and objectives. It is based on two-way 
communication between the planning levels and on the expression of their own 
development interests and objectives. Multi-level planning and the subsidiarity 
principle can thus be applied to the public policy planning of societal systems, 
either to promote centralisation or decentralisation.

The issue of balance between a central power and democratic decentralisation 
and the role of citizens is elaborated by Figure 3.2. Although the conditions 
in high-, middle- and low-income societies di�er, they all face the same 
fundamental questions:

�	 Which direction should we move in?
�	 Since strongly centralised bodies largely failed after decades of trials in 

developing economies, could regional and local bodies produce better 
results? History shows this to be the case, at least in Europe.

�	 What should the balance between centralisation and decentralisation be 
in each case?

The principle of subsidiarity has emerged to become a pillar of integrated 
water resources management. As long as subsidiarity is pursued with rigorous 
and transparent intent, and not as a panacea, water resources and human 
communities will bene�t. The subsidiarity principle of water resources 
management suggests that water management and public service delivery 
should take place at the lowest appropriate governance level (Stoa, 2014, p. 45). 
In many cases, the subsidiarity principle of water resources management has 

Figure 3.1  Proposed hierarchical framework for sustained water services regulatory 
governance, provision, infrastructure and services production. 
Source: Katko and Hukka (2015, p. 221) modi�ed by the authors (2024).
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been applied with undue haste, assuming that water resources management 
should occur at the local level when, in fact, institutional capacities would 
suggest that local institutions are not the appropriate governance level (Stoa, 
2014, p. 32). Chaplin (2014) argued that subsidiarity is better understood as 
apolitical with respect to how the state should be structured: �Subsidiarity is a 
call for social functions to be ful�lled, not at the lowest possible level but rather 
at the right level�.

Burbridge (2017) believed that a virtue ethicist approach meets the demands 
of many, if not all points raised in discussions of subsidiarity. An advocate 
of virtue ethics can assert, with regard to problem solving, that there are no 
common solutions to moral con�icts, but a virtuous personality facilitates 
making the best possible context-speci�c decision (The Helsinki Term Bank for 
the Arts and Science, 2021).

Following this introduction, the respective authors of the book will �dive into� 
Myths �ve to 12, related to water services as a community (blood) circulatory 
system.

Figure 3.2  Centralization vs. decentralization. 
Source: Barnett et�al. (1997) modi�ed by the authors (2024).
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Myth 5: Water treatment and wastewater treatment are expensive

A common and understandable belief per se is that water treatment and 
wastewater treatment are expensive (Figure 3.3). Yet, contrary to what is often 
imagined, for community water service systems, these account for only a small 
fraction of the cost of water utilities. Both treatment systems combined account 
for approximately 15�20% of the operating costs (operating expenditures and 
capital costs) of a water utility. The largest share, approximately 80�85% of 
operating costs, covers water distribution, sewerage and stormwater networks. 
However, depending on conditions, advanced wastewater sludge treatment and 
disposal may cause signi�cant additional costs.

At the same time, about 80% of the costs of water and wastewater 
management systems are �xed, that is, they are caused by the construction and 
operational management (operations and maintenance) of the systems, and do 
not depend on the volume of water used. In many countries, of the total water 
and wastewater service costs, clean water provision (water intake, treatment 
and distribution) accounts for approximately 40% with the remaining 60% 
funding wastewater (sewerage and treatment).

In fact, the majority of water supply needs to be treated to more or less 
drinking water quality standard; this includes water for cooking, dishwashing, 
laundry and personal hygiene. In practice, it is only toilet �ushing water that 
can be of lower quality. In Finland this accounts for approximately 25% of 

Figure 3.3  A variety of analytics are used in the treatment and control of water and 
wastewater. 
Illustration: Pertti Väyrynen.
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household water use. This percentage can be higher in countries where potable 
water is used for watering lawns and other gardening purposes.

One of the most prevalent myths surrounding water services is the belief that 
achieving required water treatment quality standards is inherently expensive. 
The same is true for wastewater treatment. This �nding is based on many 
presentations to various types of citizen groups in di�erent countries. As such, 
this is understandable: many believe that it is always not sensible to �ush faeces 
and urine using potable water.

A cubic metre of water, including sanitation, costs approximately 2% of the 
average household net income for a family in Finland. Clearly, water is very 
cheap compared to any other product. In Europe, in 2021, the mean annual 
billing rate per person excluding VAT (Value Added Tax) was slightly under 200 
euros (with a minimum of 70 and maximum of 320 euros) (EurEau, 2021, p.�6).

However, it is important to exercise caution in comparing water prices 
between countries and to consider the di�erent elements of tari� structures 
to make actual water bills comparable. For instance, the percentage of VAT 
may vary while in some countries this tax does not exist at all. Interestingly, 
while the average rate of speci�c water use (litres per capita per day) in the 
USA is approximately twice that of Europe, average European water bills are 
double those charged in the USA. This makes the total price the same in both 
(Hukka�& Katko, 2015a, 2015b).

A historic review of water pricing in the USA was conducted by Murdoch Jr. 
(1956). He concluded that traditionally, water has been too cheap. Such low rates 
and poor water works have meant that customers have not been able to get the 
service when they want it. A more recent survey of the annual reports of 14 large 
water and wastewater utilities in Finland revealed contradictory language used 
by the owner municipalities on water services: cheap water prices are considered 
to be a competitive edge while at the same time, necessary investments for ageing 
infrastructure should be increased (Heino & Takala, 2013).

A report on the State of the world�s drinking water (WHO et al., 2022, p.�8) 
called for action to accelerate progress on ensuring safe drinking water for all. 
Despite the bene�ts of safe drinking water, still an estimated two billion people 
(one quarter of the world�s population), lack access to this service. Unsafe 
drinking water is a major cause of death from diarrhoea for 1.5 million people 
every year, most of them infants and small children.

However, progress made on increasing access to drinking water is fragile. 
Safe water is not a one-o� investment but requires monitoring and upkeep. 
Furthermore, external factors threaten these gains: climate change drives 
water scarcity, �ooding disturbs supplies, and water pollution threatens human 
health, ecosystems and ecosystem services. Urbanisation and population 
growth limits the ability of cities to deliver water to millions of people in 
informal settlements, while in rural areas, people struggle with low quality 
services, waterpoint breakdown, and contaminated water sources (WHO 
et�al., 2022, p. 8).

In more advanced conditions, people tend to take safe water for granted as 
long as the systems operate without any troublesome disturbances. The cost 
and price of water is a question that people are interested in, at least in regard 
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to rising water prices. A specialist and associate professor of cooperatives, 
Dr. Köppä pointed out that the model of sustainable development should 
consider the impact on the environment and human rights, and not just the 
cost of production measured in monetary terms. According to him, in the 
interpretation of economic development, competition almost completely 
displaces cooperation. To understand economic cooperation, the common 
reality of human communities must be taken into account. Collaboration is 
as important as competitiveness. Therefore, the vitality of the totality is more 
valuable than narrow productivity (Köppä, 2022).

Hukka and Katko (2015a) proposed a wider framework of cost recovery that 
has �ve key elements: awareness of bene�ts and costs, informed policymaking, 
consumer contributions, tari�s, and fee collection and �nancial management. 
Underpricing of water services and the need for increased rehabilitation seem to 
be worldwide phenomena. Therefore, sustainable water services require users 
to bear all or at least a major part of the costs. Better awareness of economic 
and social bene�ts of water supply, and especially of sanitation, is also needed.

In low- and middle-income economies, the issue of a�ordability is 
particularly relevant; often this suggests the use of on-site systems and less 
complex and sophisticated technologies that people can a�ord. However, in 
principle everyone should pay, but not in the same way, by the same amount or 
at the same time (Laugeri, 1987).

According to the Global Handwashing Partnership (2022), several studies 
have evaluated the e�ectiveness of hand hygiene practices in preventing or 
controlling diseases among children. A meta-analysis by Wolf et� al. (2022) 
showed evidence of the e�ectiveness of handwashing with soap in improving 
drinking water, sanitation, and the risk of diarrheal disease in children in low- 
and middle-income conditions, which for the under-�ves is reduced by 30%.

3.2  WHAT ABOUT DUAL SYSTEMS?
In theory, it may sound a nice idea to have dual systems everywhere � separate 
pipelines for high quality drinking water and other pipelines with lower quality 
water � rather than wasting high quality water for �ushing wastes. However, there 
are several limitations to such systems � a major one being the costs involved. 
Contrary to the common assumption, water treatment is relatively cheap while 
approximately 80�95% of the operating costs are for the networks as discussed 
earlier. Nevertheless, in the case of water scarcity dual systems may be considered.

REALITY: Out of the overall water service costs, the share of water and 
wastewater treatment costs is a maximum of 20%. Over 80% of the costs 
go to water and wastewater pipelines. For economic and environmental 
reasons therefore, the dual system may be feasible only in certain areas 
experiencing water scarcity but not in those where adequate water 
resources are available.
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In 2011, there were approximately 340 dual systems in the USA, located 
in the more arid regions of Arizona, California, Florida, and Texas, and 
serving industry, agriculture or other use (Grigg et� al., 2011; Katko, 2013). 
An exotic dual system is found in Windhoek, Namibia. In 1968, a system 
was �rst implemented, where treated wastewater is partially used to provide 
the raw water for the city�s water supply system. The plant has operated well, 
requiring quite complicated treatment technologies, holistic planning, training 
and continuity management (Haarho� & Van der Merwe, 1996). In 2002, 
the old recycling plant was replaced by one which supplies about one third of 
Windhoek�s potable water (Clayton, 2023). In South Africa, it was noted that 
the level of aridity of an area is a major driver for non-potable water reuse and 
the implementation of dual systems (Ilemobade et�al., 2009).

In the 1990s, a few dual systems were constructed in Finland for a limited 
area with a nearby raw water source providing reasonably good water quality. 
These dual systems were used for laundry and �ushing wastes. Previously, it had 
been possible to cover part of the operating costs through consumer charges, 
but along with the ageing networks, they needed to be rehabilitated (Kallioinen, 
2000). Furthermore, managing such systems also poses institutional challenges 
and requires adequate resources.

This example is a reminder that in fashionable circular economy projects one 
should not go forward merely with technical artefacts but should also consider 
institutional possibilities and limitations: that is, how to manage such systems 
on sustainable basis? (chapter four) For summer homes or holiday cottages with 
on-site systems, drinking water can be organised by transporting tap water, for 
example, in jerrycans or plastic containers. Surface water or groundwater may 
be used for other purposes while bearing in mind the need for proper treatment 
and disposal of grey waters (wastewater from baths and showers, handbasins 
and kitchen sinks, but excluding wastewater and excreta from water closets).

Regarding water quality, reference should be made to Myth 3 (Managed 
groundwater aquifer recharge will damage groundwater formations) and the 
major properties of surface water and groundwater that are subject to local 
conditions. A particular water quality problem may be caused by lead pipes 
(Myth 10) that are still in use in many older cities.
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Myth 6: Bottled water is better than tap water

The sales of bottled and otherwise packaged drinking water have increased 
in many countries (Figure 3.4). According to a United Nations University 
(UNU) report based on literature and data from 109 countries, in �ve decades 
bottled water has developed into �a major and essentially standalone economic 
sector�, with an increase in use to 73% from 2010 to 2020. In addition, sales are 
expected to almost double by 2030 (UNU, 2023, p.�5). It is estimated that less 
than half of what the world pays for bottled water annually would be su�cient 
to ensure clean tap water access for hundreds of millions of people who are 
currently without it � for several years (UNU, 2023, p.�2).

In the Global North, bottled water is often perceived to be a healthier and 
tastier product than tap water, while in the Global South, sales are driven by 
the lack of reliable public water supplies largely due to rapid urbanisation. In 
middle- and low-income countries, bottled water use is linked to poor tap water 
quality and often unreliable public water supplies (UNU, 2023, p. 10).

In 2023, the worldwide bottled water market generated a revenue of 
approximately 340 billion US dollars. Compared to previous years, this was 
a big fall, probably due to the coronavirus pandemic and the restrictions and 
lockdowns that came with it (Ridder, 2023). This amount is almost three times 
that needed to meet the UN targets on water (Gleick, 2023, p. 140).

The bottled water market is fuelled by fashion, the ease of use of packaged 
water, and huge marketing campaigns. In 2018, the highest per capita use 

Figure 3.4  Bottle or tap water? How much does it cost? 
Illustration: Pertti Väyrynen.
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of bottled water was found in Mexico, Thailand, Italy, the USA and France 
(Rodwan Jr., 2019). Tourism increases the use of bottled water and also water 
and marine pollution (Digap, 2021).

The UN�s SDG6 is �To guarantee safe, equitable and a�ordable drinking 
water for all� (UN, n.d.). Large-scale use of packaged water may threaten the 
achievement of this goal. If the use of packaged water replaces the necessary 
investments in water supply infrastructure or water abstraction is not organised 
in an otherwise sustainable way, the situation could lead to further inequality 
at worst and erode even the smallest water supply systems (Makkonen, 2020).

Another issue related to bottled water is its quality. The Finnish Institute for 
Health and Welfare (THL) studied the microbiological quality of both spring 
water vending machines and bottled water, �nding that packaged water was 
rich in cultured bacteria. Bottled waters are not sterile, and microbial growth 
occurs during storage. The numbers of living microbes were particularly high 
in samples taken from spring water vending machines (Miettinen & Pursiainen, 
2009).

In 2018, bottled water and its microplastics were studied in 19 locations in 
nine di�erent countries (Walker, 2018). Microplastics over 0.1 mm in size were 
detected in bottled water; this was twice as much as in tap water. The �ndings 
suggested that less than a �fth of the plastic came from the water itself. Although 
the amounts of plastic being studied are vanishingly small, making it di�cult to 
identify them or assess their e�ects, it is known that the smallest microplastics 
and even smaller nano plastics may be harmful to humans (Mason et�al., 2018, 
p. 1; Walker, 2018). Therefore, caution is needed. Another related example is 
the case of per- and poly�uoroalkyl substances (PFAS) that have been observed 
to contaminate groundwater, surface water and soil. Cleaning up such polluted 
sites is technically di�cult and costly, while requirements for their treatment is 
in the process (EPCA, n.d.).

Based on guidelines for international tourists, there are 29 countries in 
Europe where tap water is safe to drink (Tebbutt, 2016). In the USA, controversy 
over the use of bottled water in public spaces has continued for many years. In 
2014, San Francisco became the �rst major American city to try to limit the sale 
of plastic water bottles due to the environmental damage they cause. In 2019, 
San Francisco Airport banned their sale but did allow water to be sold in glass 
bottles and recyclable aluminium cans (Clayton, 2019). In 2021, this plastic-free 
policy was expanded to prohibit the sale of all plastic bottles (Yakel, 2021).

Between 2005 and 2018, Rosinger (2022) noted an increase in bottled water 
uptake in the USA. In 2017�18, 52% of adults did not drink tap water on a given 
day, with 36% exclusively consuming bottled water.

REALITY: Bottled water quality tends to deteriorate once bottled. In 
many countries, tap water quality is better than that of bottled water. In 
low- and middle-income countries, however, the use of bottled water may 
be justi�ed to avoid health risks.
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Campaigns to defend tap water are ongoing around the world. According to 
Parag and Roberts (2009), the environmental load from bottled water was more 
than a hundred times that of tap water. They argue that measures are needed 
to restore con�dence in tap water, such as encouraging proactive water users� 
participation to understand potential pitfalls, improve transparency, enhance 
science communication, and increase labelling of environmental hazards in 
bottles.

In 2017, as part of the centennial events to mark the country�s independence, 
the Finnish Water Utility Association (VVY) organised the Drinking Tap Water 
Campaign, repeating this in 2024. The World Championships in Athletics for 
the Under-20s took place at the Ratina Stadium in Tampere, Finland from 10th 
to 15th July 2018. At that time, the local water utility, Tampere Water supplied 
the public and athletes with tap water and re�llable bottles, which received a 
lot of positive international attention (Yle News, 2018).

According to an international survey, 97% of Finns trust the quality of tap 
water in their own homes. By comparison, in countries such as Spain, the 
United Kingdom, Poland, Germany and the USA, con�dence was in the range 
of 60�72%. The same study showed that Finnish men estimated their monthly 
water use to be signi�cantly higher than actual use, while Finnish women 
underestimated their water use (Kemira, 2020).

Use of bottled water is, however, not unambiguous and one can also call into 
question the common way of comparing bottled with tap water. Bottled water is 
not necessarily a substitute for tap water, but rather, for other soft drinks. Free 
public sources of drinking water exist in numerous countries. Thus, bottled 
water has its pros and cons (ProCon.org, 2021).

In many low- and middle-income countries, piped domestic water is not 
safe to drink. For instance, in Indonesia, drinking tap water has never been 
accepted as the norm since piped water has no guarantees of purity and 
safety. Despite the many negative social and environmental aspects of bottled 
water, it is becoming �the� drinking water in Indonesia (Prasetiawan et�al., 
2017). In Mexico, it was estimated that in 2010 approximately 60% of the 
population relied on bottled water, with this �gure rising by 2017 to more 
than 70%. This business attracts large-scale investment by multinational food 
and beverage corporations as well as small-scale neighbourhood water shops 
(Greene, 2018).

Both globally and locally, the poor su�er from a wide range of illnesses and 
disadvantages due to the lack of safe water that is often costly. Citing Gleick 
(2023), O�Riordan (2024) refers to the spread of bottled water as the last bastion 
of access to clean water for the very poor, who are least able to a�ord single-use 
plastic containers.

Packaged water will probably defend its place in water supply, at least in 
situations and locations where safe tap water is not available. Competition 
between tap water and packaged water will undoubtedly continue.
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Myth 7: Water towers are outdated

In many communities, ground-based reservoirs situated at high elevations, 
or water towers in locations where this is not possible, represent almost the 
only visible signs of water service systems. In some countries, elevated water 
reservoirs or water towers have been abandoned or replaced by lower elevation 
ground or underground reservoirs pumping directly to the network.

In Finland (Nagler, 1966), Sweden and France there is a strong tradition of 
concrete water towers made by slipform casting, which in practice makes them 
look like mushrooms (Asola, 2001, pp. 47�49). This tradition and the variety 
of designs have been noted in international literature. On the contrary, in the 
USA, towers made of steel are exclusively used (Figure 3.5). Many early water 
towers are considered to be historically signi�cant and are included in heritage 
listings around the world (Water tower, n.d.).

In Finland, Asola (2001, pp. 165�173) identi�ed 448 elevated reservoirs 
completed between 1876 and 2000, of which approximately 400 were still in 
use in 2001. The boom in water tower construction occurred during the 1960s 
and 1970s. This can be compared to the number of Finnish municipalities, 
currently slightly over 300. For very small systems, however, it is too expensive 
to construct water towers, at least if concrete is used. Larger and city systems 
may have several, often having di�erent pressure levels as appropriate.

According to Wolf (2020), water towers serve two major purposes: they 
harness just su�cient gravity to provide adequate water pressure for potable 
water use, avoiding excess leakages in the network, and possibly serve as a 
beacon of civic pride.

Figure 3.5  Smile on your face, open space. Eagle Wisconsin Water Tower (2013, USA). 
Illustration: Pertti Väyrynen.
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The storage volume of water towers in Finnish communities varies from 
10 to 60% of the average daily water use in them. In 2006, the average total 
volume of water towers and elevated reservoirs was approximately 45% of their 
average daily use (Katko & Juuti, 2007). Thus, in case of a major disruption to 
water reticulation or distribution, they can supply water for a couple of hours. 
This is particularly important for such critical institutional uses as hospitals. In 
reviewing critical health infrastructure and its robustness and reliability, Sänger 
et� al. (2021) suggested that only rarely are emergency situations exclusively 
technical in their nature but are more likely to be linked to natural hazards, 
technical mishaps, and insu�cient social and organisational preparedness and 
resilience.

Water towers are often the only visible parts of community water service 
infrastructure. The rest is otherwise largely invisible. Each water tower, in the 
same way as a building, re�ects their own construction styles and traditions 
(Asola, 2001, pp. 50�141), which may be recognised if one is paying attention 
to them. Their design can sometimes also re�ect relevant aspects of the 
surrounding environment such as the water tower in Rovaniemi, Lapland, 
which resembles the shape of a traditional Sami dwelling. Occasionally, an 
architectural competition has been held to design water towers, although it 
has often proved quite challenging to �nd a good balance between economic 
feasibility and aesthetic requirements (Katko, 2016, p. 96).

Figure 3.6 presents the changes over the years in volume, pressure levels, 
and design towards mushroom type towers in Tampere, Finland. At �rst, 
ground-based reservoirs were constructed followed by actual water towers. 
With time the volume of water towers has increased as well as their elevations 
in the suburbs.

In the early days, water towers played a crucial role in providing �re protection 
by supplying water for �re�ghting, a function they still serve to some extent 
today. The Great Fire of Turku in Finland in 1827 is still the largest urban �re 
in the history of Finland and the Nordic Countries (Salmi, 2017). When water 
utilities were planned in the late 1800s, �re protection was the �rst motivation 
for building the systems. Other cities in Central Europe with predominantly 
wooden buildings were also commonly subjected to �res, such as the great �res 
in Berlin in 1727 (Bärthel, 1997) and Hamburg in 1842 (History Timelines).

According to Wolf (2020), there are approximately 70 water towers listed on 
the National Register of Historic Places in the USA, such as the ornamental 
detailing and complex symmetry of the Chicago Water Tower (2014), built in 
1869, or the simple elegance of the Louisville Water Tower (2024), Kentucky, 
built in 1860.

REALITY: By using water towers together with modern pumping 
technologies, we can save and optimise energy use. During delivery cuts 
and shortages, water towers serve as backup units. Incidentally, water 
towers make water supply more visible to the general public.
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Sunela and Puust (2017) noted that remarkable savings in energy and use 
of chemicals can be achieved by using almost real-time optimisation in water 
treatment and distribution. The model calculates the best possible �ow and 
pressure settings for water treatment plants as well as pumping and valve 
stations within the network. It takes into account real and estimated water 
uses, water production rates, pumping capacities and limitations, and tends to 
use water reservoirs as e�ciently as possible.

It has been estimated that in Finland water towers account for one-�fth of the 
renovation backlog of water services infrastructure. Water tower renovations 
have been actively on the agenda in the last few decades. Especially during 
power cuts due to storms or distribution cuts due to pipeline breaks, their 
storage capacity has proved to be important (Katko, 2016, p. 96).

The question of protection of old buildings and cultural heritage also has 
relevance to water towers, which often may be among the oldest buildings 
and landmarks at the most visible sites such as in Obenhausen in the Ruhr 
area, Germany. Due to industrial decline in the area, the 33 metre high water 
tower lost its function and is now under monument protection and represents 
an important landmark. It could not easily be reused although part of it was 
transformed into a space for artistic and creative work (Cultural Heritage in 
Action, 2021). In other cases, old water towers have been transformed into water 
museums such as those in St. Petersburg in Russia (St. Petersburg, Museum of 
Water, n.d.), Kyiv in Ukraine (Kyiv Water Museum, n.d.) and Mulheim an der 
Ruhr in Germany (Aquarius Water Museum, n.d.).

Linking to the authors� study, it was noted that in the �eld of water resources 
the term �water tower� is sometimes used to describe large water resource 
catchment areas or glaciers. These towers have an essential role in the Earth�s 
system and are especially important in the global water cycle (Immerzeel et�al., 
2020, p. 364).
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Myth 8: Water is often wasted

Frequently, it is argued, at least in high-income countries, that water should 
not be wasted (Figure 3.7) as some people in less developed countries and 
unplanned areas do not have access even to basic services. As such this is true. 
although, the idea that saving water in one country would automatically help 
the situation in another is false. To support low- and middle-income countries, 
there is an alternative way� as shown in Myth 21.

The term speci�c water use (SWU) normally refers to daily water use per 
capita divided by the population (litres per capita per day). In a seminar held 
in Finland in 1963, it was noted that �the growth of water use will have no 
limit�, referring to the USA, where SWU was some 500�700 litres per capita 
per day at that time (Uusi Suomi, 1963). In fact, earlier on, people often talked 
about water consumption, as if one could consume the water. Thanks to the 
hydrological cycle to a large extent, it does not vanish, but it rotates � both in 
the human body and in nature.

Figure 3.7  Some people may use water abundantly. 
Illustration: Pertti Väyrynen.
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The �rst energy crisis in Finland was in 1973 with the Wastewater Fee Act 
later enacted in 1974. This more than doubled the average water price (Myth 11) 
and had a dramatic impact on declining water use. Thereby, people started to 
use water more e�ciently and water utilities became vastly more interested in 
controlling water leakages and non-revenue water (NRW). The highest speci�c 
water use of 340 l/cap per day in the country occurred in 1972. Thereafter, the 
rate declined continuously although this has been relatively less in recent years 
(Figure 3.8). In 2014, this rate was 221 l/cap per day showing a more than 40% 
decline over these 42 years. After 2014, a slight decrease occurred.

In other countries, such as in Munich, Germany soon after the second world 
war, the SWU started to decline, most probably due to water leakage control, 
and again in the 1980s. The declining trend in Finnish and Swedish cities was 
followed in 1990 by those in Lithuania, Hungary and Poland as a consequence 
of political change (Figure 3.9). This was partly due to greater e�ciency and 
increased water tari�s, but also to the collapse of many industries connected to 
public water systems (Juuti & Katko, 2005, pp. 229�230).

REALITY: The e�ciency of water use in many countries has improved 
remarkably since the 1970s and 1980s. In Finland, the energy crises and 
the 1974 Wastewater Fee Act that more than doubled water prices, created 
an interest in avoiding water wastage. Since then, the per capita per day 
use has decreased by an average of 35%. A similar pattern was noted 
around the same time or slightly later in several other OECD countries. 
Attention should, however, be paid also to the use of warm water.

Figure 3.8  Speci�c water use in Finnish water utilities, 1970�2014. 
Source: Lapinlampi (2021, p. 22).

on 02 September 2025



53Water services as a community (blood) circulatory system

Regarding water �xtures, the �rst single lever faucets in Finland came onto 
the market in the 1950s. Plastic taps covered by chrome were introduced in 
the 1970s, and the �rst thermostatic faucets in the 1980s. These were followed 
by electronic touchless faucets and in the 2010s touchless smart faucets. 
Development has been continuous, and the next improved version can only be 
imagined. Along with technological design, user-friendliness and security have 
improved (Oras, n.d.).

Water saving is still a controversial issue. In cases where a community 
network has previously been overdesigned, water may not �ow fast enough, 
potentially leading to quality problems due to excess detention. In sewers, 
smaller amounts of water may not adequately �ush away suspended materials. In 
growing cities, overdesigned pipelines make it possible to expand the networks 
and use a variety of renovation methods (Myth 10). Along with water saving, 
more attention should be paid to sewer leakages as the volume of wastewaters 
to be treated would be less, if leakages were reduced.

Figure 3.9  Speci�c water use in selected European cities, 1900�2002. 
Source: Juuti and Katko (2005, pp. 229�230).
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It is important to recognise, however, that overuse of water can still have 
other negative impacts. The more water is used, the more water and wastewater 
treatment facilities capacity and chemicals are required, and consequently, 
the more energy for chemical production and transport, for pumping and for 
producing larger water and wastewater pipes may also be required. In addition, 
the �over-abstraction� of the raw water source and the �surplus� wastewater 
disposal may cause more harmful impacts, especially on land use and aquatic 
ecosystems.

3.3  WATER METERING AND WATER USE
Historically, two traditions have prevailed on how to de�ne payments for water 
use. To the authors� knowledge, in Germany, USA and most other countries, 
metering of water use has been in operation since the late 1800s. In England, 
for a long time, payment was based on the ratable value of the property, thus 
not on actual water use. In most European and North American countries, this 
metering practice has been in place since the 1880s. In European countries 
like Norway and more recently in England, metering was introduced, although 
much later than other countries (Stadtfeld & Schlaweck, 1988). Another 
European exception is Ireland where metering has been strongly opposed, even 
until the 2010s (McDonald, 2014, Myth 14).

According to the European Federation of National Associations of Water 
Services (EurEau, 2021, p. 18), the average water use was 124 l/c/d in the 
EurEau Member States. Compared to their earlier survey in 2017, average use 
per capita per day has decreased by 3%, whereas the average annual use per 
household has decreased by 6%.

In Denmark, the average amount of water a person uses per day in a 
household has declined from 170 l/c/d in 1976 to 105 l/c/d in 2021 (DANVA, 
2022).

From 2005 to 2015, the USA saw a signi�cant decline in surface freshwater 
withdrawals, accompanied by a 10% drop in household water use, despite an 
increase in the population of 8% (Hubbart & Ross, 2024). According to Gleick 
(2023, p. 225), e�cient water use is a means to a better future: the focus needs 
to shift away from using water as e�ciently as possible towards bene�ts that 
people want � such as good health, food, clean clothes and homes, and other 
goods.

The Finnish Work E�ciency Institute has explored the trends of speci�c 
household water use (SHWU). In 1977, the average SHWU value was 
approximately 155 l/c/d, most of which was for personal hygiene and toilet 
�ushing. In 1988, the average �gure was 116 l/c/d falling to 113 l/c/d in 2020 
(Figure 3.10). Thus, from 1977 to 2020 the SHWU value has declined by one 
fourth (Korhonen et�al., 2020, p.�20), which is slightly less than the decline of 
SWU in communities (Figure 3.8).

Over the period 1977 to 2020 the share of personal hygiene has been almost 
half of the total use, while use of water in kitchens and toilets has slightly 
declined relatively. For instance, automated dishwashers have become more 
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popular, which use less water than washing by hand (Bradford, 2017; Korhonen 
et�al., 2020, pp. 19�21).

According to Rajala and Katko (2004), SHWU levels of about 120 l/
capita/day, or even less, can be achieved, while maintaining a high standard 
of service levels. In addition to individual metering, proper management 
includes the introduction of modern water �xtures and in-house piping, raising 
consumer awareness, and active follow-up. The SHWU rate was the lowest in 
single family houses with water meters and direct consumption based billing. 
Although decreasing consumption and the resulting fall in water sales may be 
challenging to water utilities, in the long run it will be feasible to use water 
wisely even in regions with abundant resources. The more familiar citizens are 
with the metering and billing system, the more concerned they become about 
water saving (Figure 3.11).

A study of water use e�ciency (FIWA, 2020) pointed out that it is more 
economic to reduce water leakages than water use. Considering greenhouse 
gases, it is clearly more feasible to reduce the use of hot water.

It is easy to waste water and it is perhaps likely that young people in 
particular might use more water than other age groups. In any case, water is 
seldom wasted on purpose and people should not be blamed for their moderate 
use of it.

Figure 3.10  Household water use for various purposes in Finland in 1977, 1999 and 2020. 
Source: Korhonen et�al. (2020, p. 20). Illustration: T. Katko 2024.
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Myth 9: You can throw anything down the toilet

In her classical book Purity and Danger, Mary C. Douglas (1921�2007), 
a cultural anthropologist, notes that waste is substance in the wrong place. 
Furthermore �there is no such thing as absolute dirt: it exists in the eye of the 
beholder�. She identi�ed the concern for purity as a key theme at the heart 
of every society (Douglas, 1966). Occasionally, powerful world leaders have 
�guratively warned that they would �ush their enemies down the drain. In 
cinema and books too often there are examples of throwing the most amazing 
artefacts down the toilet bowl and thereby disseminating misinformation.

In recent years, fat, oil and grease (FOG) blockages, commonly referred 
to as �fatbergs�, have intensi�ed in sewers. In fact, the term was included in 
the Oxford English Dictionary in 2015, alongside �Brexit� (Engelhaupt, 2017). 
These FOG formations lead to sanitary sewer over�ows, property �ooding and 
contamination of water bodies with sewage (Wallace et�al., 2017). Fatbergs have 
formed in sewers worldwide, with the rise of disposable (so-called ��ushable�) 
cloths. Several prominent examples were noted in the 2010s in the UK, with 
their formation accelerated by ageing Victorian sewers (Fatberg, 2024).

Figure 3.11  Waste that does not belong in toilet bowls, too often tends to be dumped there. 
Illustration: Pertti Väyrynen.
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In January 2019, a fatberg of approximately 60 metres in size � blocking 
the sewer � was discovered in the town of Sidmouth, UK. Schaverien (2019) 
reported that this was a lump of fat aggregated with wet wipes, sanitary 
towels and other household products that should be put in the waste bin and 
not down the toilet. Earlier in 2017, a fatberg was noticed in East London 
that estimated to weigh 130 tonnes and stretched for 250 metres (Taylor, 
2017). Similar phenomena may happen in the level of real estates, though on 
a smaller scale.

A survey by Kurki (2010) of 38 wastewater treatment plants in Finland 
revealed the following items that had arrived at the plants via the sewers: 
soccer balls, mobile phones, children�s toys, parts of mattress, glasses, arti�cial 
dentures, clothes, and medicine, which presents its own speci�c problem. At 
that time it seemed that this problem was declining.

A further survey assessed the labelling, drain line clearance and disintegration 
testing of 101 consumer products, adopting the International Water Services 
Flushability Group�s speci�cations for �ushability. None of the products tested 
satis�ed the product labelling Code of Practice, and all products other than 
bathroom tissue failed the disintegration test. Thus, the need for a global 
de�nition of a ��ushable� product was found to be necessary (Joksimovic et�al., 
2020).

For the e�ective operations and maintenance of wastewater treatment plants, 
it is important that such items are not conveyed there. Indeed, fatbergs and 
other disruptions are costly to remove, and public awareness campaigns about 
�ushable waste have been instigated (Fatberg, 2024). One of these included 
the message to �ush only the three P·s: Pee, Poop and Toilet Paper (NACWA). 
Another noted that if solid biowaste is cast into sewers, the rat population 
living in them will increase.

EurEau; the European Federation of National Associations of Water Services, 
has clearly stated that we must reduce the release of single use plastics (SUP) 
in particular into the water cycle. These often end up in the environment and 
contribute to marine littering (EurEau, 2018). More recently, EurEau (2025) 
was concerned about the draft international standard ISO/DIS 18671 (i.e. 
test methodologies for assessing products suitable to be �ushed down a toilet 
and their appropriate labelling), which could have detrimental e�ects on 
wastewater systems and the broader water environment by encouraging or 
enabling inappropriate items to be �ushed into sewer networks.

REALITY: Networks and pumping stations may become clogged due to 
foreign objects thrown into toilet bowls, resulting in high repair costs. 
Small objects too, such as cotton buds, strands of hair, and face masks 
may cause problems. Only urine, excreta and toilet paper are allowed to 
be put into the toilet bowl.
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In 2009, a national campaign to prevent inappropriate waste being put into 
toilet bowls was organised by the Finnish Water Utilities Association; this was 
remarkably popular. Similar later campaigns have been translated into several 
languages (Katko, 2016, p. 156; Hörkkö, 2023). For several years, a national 
Christmas campaign encouraged people not to pour the fat from cooking a ham 
down the sink but to take it to a collection point (Neste, 2023). This is used to 
produce biodiesel, with the pro�ts donated to charity. In the global context, 
the �ve largest biodiesel producers are Indonesia, USA, Brazil, Germany and 
China (Insider Monkey, 2023).

In communities, fast-food restaurants produce a lot of fat, and in the USA 
there are an estimated 160 000 such restaurants serving an estimated 50 
million people daily. Grease traps, oil separators and proper grease disposal 
are important so that they do not become a major pollutant and problem 
for the sewerage system (Rosinski, 2014). It is estimated that in England 
and Wales, there are approximately 200 000 sewer blockages and pollution 
incidents per annum, of which up to 75% are the result of fat, oils and grease 
(Merton, n.d.).

A common view in Nordic countries is that any excess food wastes should 
be collected to go to biodegradable waste sites before dishwashing; this is 
already a common practice and is often available. Another approach is the 
use of a kitchen sink drain directly to the sewer, which is common in the USA 
(Cavendish, 2024).

In general, it seems obvious that education and awareness campaigns 
for stakeholders (citizens and industries) are the foundation for all FOG 
management initiatives. However, they still need to be repeated often. The 
Water Museums Global Network (n.d.) linked to UNESCO o�ers a wider 
opportunity for raising awareness on water.
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Myth 10: The older the water pipes and sewers, the worse their 
condition

It is natural to assume that the water pipes and sewers will automatically 
deteriorate over a certain timeframe in all conditions, after which they need 
to be replaced. In many countries, the oldest pipes and sewers are over 100 
years while in countries like Finland most pipes and sewers were installed 
after the second world war. However, the lifetime of pipes and sewers is not 
straightforward due to varying soil conditions, seasonal temperature changes 
and the construction methods and materials used.

Cast iron pipes constitute the most conventional water pipe material in 
urban areas. Formerly, these were made from grey cast iron and more recently, 
from ductile iron. With the exception of plastics, all the materials currently 
used for pipes to convey water have been in use for centuries. As a historical 
example, the principal use of stone pipes in Roman times was in aqueducts 
(Figure 3.12), and particularly for siphons. Lead was used in Roman water 
pipes and since the Middle Ages a variety of wooden pipes have been used 
(Campbell, 2021).

The use of lead pipes is a unique case. Several Roman writers had warned 
about the health risks of lead and recommended using ceramic pipes. However, 
lead pipes are still used in many countries. After tests in the 1880s, it was 

Figure 3.12  Water has been gravitated over long distances to meet urban needs since the 
roman times. But will the current pipes last as long as the aqueducts?. 
Illustration: Pertti Väyrynen.
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In Finland, approximately 90% of water supply networks have plastic pipes, 
the rest being mainly made of ductile iron. This has grown signi�cantly since 
1970, when the �gure was only 45%. In sewers, the proportion of plastic pipes 
has increased and that of concrete has decreased. Accordingly, the percentage 
of concrete sewers declined from almost 90% to just over 10% over the same 
period (Lapinlampi, 2021).

A major advantage of polyethylene (PE) pipes is that they can be joined by 
welding. Both water pipes and sewers can be installed to go under water bodies 
making it easier to expand networks. This has made it possible to collect sewage 
from large areas and centralise its treatment, which has both its pros and cons.

As discussed in Myth 4, conventionally there are two types of systems 
for collecting wastewaters � separate and combined. In a separate system 
wastewaters are collected to wastewater treatment plants while stormwaters 
are normally discharged to the nearest water bodies without treatment or 
possibly with physical treatment only (Botturi et�al., 2021). It is likely that with 
increasing weather �uctuations there will be additional needs to treat at least 
the �rst �ushes of stormwaters. In many older cities and their central areas, 
sewers are combined while newer areas have separate systems.

In Europe, the relative share of combined sewers varies quite a lot, for 
instance, in Austria it is one fourth, in Germany close to one half, in Italy they 
are extensive, while in Nordic countries they make up only a minor part of the 
total sewers (EurEau, 2021, p. 23).

In countries with winter conditions and frost, soil water, wastewater 
and stormwater are normally located within the same excavation, often 
approximately 2.5 metres above the ground surface. In a vertical direction, 
water pipes are ideally at the top, stormwater pipes somewhat lower and 
wastewater sewers are lowest. In developing economies, it is common to locate 
water pipes and sewers on the same open concrete channel as the stormwaters. 
This is practical but contains risks of contamination.

Asbestos cement pipes were popular drinking water distribution systems 
for example in the mid-1900s in the USA and the 1970s in Finland. It was 
used because of its light weight, low coe�cient of friction and resistance to 
corrosion. Unfortunately, it was later found that people who use water with 
high amounts of asbestos over extended periods may face increased health risks 
such as cancer (Stenstedt, 2019). Its production was stopped in Finland�due 
to the dangerous dust created in its manufacturing and dismantling (Juuti & 
Katko, 1998). However, in some places asbestos cement pipes are still used as 
their complete removal will take time.

3.4  AGEING INFRASTRUCTURE
Ageing infrastructure and the need for additional reinvestment in water and 
wastewater infrastructure presents a major challenge in many countries. In 
Finland, at least two or three times the current rate is needed (Hukka & Katko, 
2015a, 2015b). Based on national information and benchmarking systems, it was 
estimated that the total investment needed was nearly double for the coming 20 
years. Of this approximately 60% was required for network rehabilitation. The 
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share of completely new investments was estimated to be approximately 26% 
(Kuulas et�al., 2020, p. 76).

According to Najar and Persson (2023), in Sweden, only 4% of 184 
organisations explored met the requirements for a sustainable water and 
wastewater facility according to the sustainability index (SI), which is an 
element of the Swedish benchmarking system.

The asset renewal rate for wastewater infrastructure in Europe varies 
a lot from one country to another according to the local water management 
system, the age of the infrastructure, the impact of depreciation and the level of 
requirements (Eureau, 2021, p.�28). For instance, in Finland it is estimated that 
the renewal rate was close to 0.7% per year (Eureau, 2021, p. 28).

In OECD countries, substantial investments over many decades have largely 
ensured access to safe water supply and sanitation. Signi�cant investments 
will, however, be necessary to rehabilitate the existing infrastructures, so 
they conform to more stringent environmental and health regulations, and to 
maintain service quality in the future. In non-OECD countries, the challenges 
are more daunting, since a large share of their populations have no access to 
services, and many su�er due to their unsatisfactory quality.

Table 3.1 presents a summary of the state of water service infrastructure and 
estimated funding gaps in Canada, Finland, Norway and the USA for 2013 and 
2014. The funding gaps do not, however, cover the rehabilitation, renewal and 
replacement needs of stormwater infrastructure and house connections. The 
latter is commonly assumed to be one third of the total. Although the data are 
not directly comparable, they indicate the severity of the problem.

The coverage of improved water services in sub-Saharan Africa is still rather 
low in spite of progress especially relating to water supply from 2000 to 2015 
(Armah et� al., 2018). In 2020, access to basic drinking water was 69% and 
to safely managed water was 39%. The rate of no open defecation was 89%, 
whereas safely managed sanitation was only 27%. Thus, to achieve SDG WASH 
targets in Africa would require a dramatic acceleration in current rates (WHO 
et�al., 2022). Due to common operational and e�ciency problems, the actual 
service coverage �gures are lower (Behailu et�al., 2016; Biswas, 2022).

In Canada in 2019, approximately 30% of water infrastructure such 
as watermains and sewers were in fair, poor or very poor condition (The 

Table 3.1  Estimated investment gap in water services infrastructure in selected OECD 
countries. (Hukka and Katko, 2015a, 2015b, modi�ed).

Country Population State of Water Services 
Infrastructure (Scale used)

Estimated Funding Cap Per 
Capita (USD)

Canada 35 182 000 Good (Very good�very poor) 2 050
Finland 5 426 000 7 (10�4) 1 210
Norway 5 043 000 Water networks 3 (5�1)

Sewers 2 (5�1)
3 590

USA 320 051 000 D (A�E) 1 740

Note: Currency exchange rates on 3 March 2014; Population �gures: UN-DESA, 2013.
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Myth 11: Wastewater treatment plants are major polluters

As mentioned earlier, the available sewerage system, either combined or 
separate, has a strong impact on whether wastewaters can be e�ciently treated 
or not. Occasionally, it is argued that wastewater treatment plants are major 
polluters of water bodies. In the early phase of their development, this might 
have been true, or could still be the case where treatment does not yet exist. 
If wastewater treatment is advanced, it will remove organic loading (normally 
measured as biological oxygen demand � BOD) and major nutrients, nitrogen 
(N) and/or phosphorus (P) very e�ciently. Even at a high removal rate, it is 
particularly important to �nd the most appropriate site for the �nal discharge 
to water bodies. If possible, there should be minimal e�ect of loadings on the 

Figure 3.13  Sewer divers are sometimes needed but probably not like this! 
Illustration: Pertti Väyrynen.
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The question of minimum nutrient(s) in water bodies in various conditions is 
problematic in itself, since even the experts have contradictory views on the 
matter. Once more research has been conducted and experience gained, it is 
possible that unexpected �ndings will later emerge.

The aim of the Urban Wastewater Directive of the European Union is to 
protect the environment from being adversely a�ected by insu�ciently treated 
urban wastewater discharges. At the time of writing this, the directive is under 
revision, in accordance with the One Health approach aimed at balancing 
and optimising the health of people, animals and ecosystems, with treatment 
requirements to be increased (Council of the European Union, 2024).

As an example of successful wastewater treatment and water pollution 
control policy, the authors present the development of wastewater treatment 
in Finland and its major legislation since the late 1800s to the early 2000s 
(Figure 3.14). The initial weak signals were the Health Decree of 1879 and the 
Water Rights Act of 1902. The former involved the �rst mandated survey of 
city elevations as the basis for sewerage planning, while the latter focused on 
economic utilisation of water bodies (Katko, 2016, p. 45).

The major driving forces for pollution control included the acceptance of 
�ush toilets around 1900, the Health Decree of 1928, the construction of the 
�rst separate sewers in 1938, and EU membership in 1995. The key decisions, 
including binding requirements for wastewater treatment, were based on three 
speci�c acts: the Water Act 1962, the Wastewater Fee Act 1974, and the Water 
Services Act 2001.

The Water Act enacted in 1962 stipulated that municipalities had to apply 
for permits to discharge their wastewaters, which included requirements for 
wastewater treatment. The Wastewater Fee Act in 1974 meant that in most 
cases water fees more than doubled, which to the authors� knowledge is a 
unique case. This raised very little opposition since everybody could see how 
municipal and forest industry wastewaters had polluted the nearby water 
bodies (Katko, 2016, pp.�48, 69, 105, 136, 139). This is quite di�erent from the 
policy applied, for example in Sweden and the USA, where the �rst wastewater 
treatment plants were mainly �nanced by public grants (Juuti et� al., 2009). 
Between 1973 and 1981, federal grants covered up to 75% sewage of the 
treatment plant construction costs in the USA (Sedlak, 2014). In many other 
countries, these developments were largely �nanced through taxation before 
introducing possible wastewater fees.

REALITY: Modern wastewater treatment plants are often among the 
largest environmental investments within communities. Biological oxygen 
demand (BOD) and for example, in the case of Finland, the major nutrient, 
phosphorus, are reduced by over 96%. Regarding treatment requirements, 
the needs of the recipient water body should be considered. However, 
experts seem to have di�erent views on the necessity of nitrogen removal.
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The actual boom in wastewater treatment plant (WWTP) construction in 
Finland happened from the mid-1960s to 1980s thanks to proper legislation and 
control. Since 2000, the number of WWTPs has decreased due to the expansion of 
sewerage systems and construction of advanced and more centralised WWTPs. 
Since 2021, several Finnish WWTPs have signed voluntary Green Deals with 
the Ministry of the Environment. Under these operational commitments, the 
WWTPs have promised to attain even better results in water protection than 
those required by authorities (Anon, 2021).

In many countries, water pollution control expanded in the 1960s and 
1970s. Although several of the current European Union member countries 
moved well ahead, others such as Milan, one of the richest European industrial 
centres did not start treating its wastewaters until autumn 2004 (Juuti & Katko, 
2005, p. 226) In Brussels, the headquarters of the European Union, the �rst 
wastewater treatment plant for the southern part of the city came into service 
in 2000 (Katko, 2016, p. 109), although the city still faces challenges with water 
pollution control (Zimmermann, 2022).

In addition to community wastewaters, there are several other loading 
sources and types. Figure 3.15 shows the development of phosphorus loadings 
from point and non-point sources in Finland from 1991 to 2019. In principle, 
it is easier to get control of point sources while non-point loadings come from 
dispersed sources such as forests, marshland and agriculture.

Figure 3.14  Total number of urban wastewater treatment plants in 1910�2009 in Finland, 
the number located in the 102 cities in existence in 1994, and related key legislation. 
Source: Katko (2016) p. 105, illustration derived from several sources.
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As shown, loadings from point sources have declined remarkably by almost 
a third in some communities and by even more in others. From non-point 
sources, loadings have also declined but to a relatively lesser amount. It is good 
to remember that we also have a notable share of natural washout.

In 2006, Finland and Sweden were summoned to the European Court of 
Justice (ECJ) for the failure to systematically remove nitrogen from wastewaters 

Figure 3.15  Phosphorus loadings to water bodies from (a) point sources and (b) non-point 
sources in Finland in 1991, 2008 and 2019. 
Source: SYKE (2021).
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of inland cities and towns, thus contributing to the environmental problems 
of the Baltic Sea. The Finnish authorities� view, however, was that nitrogen 
removal was adequate considering the recipient water body (Katko, 2016, 
pp.� 108�109). The ECJ ultimately dismissed the EU Commission�s action 
against Finland and ordered the Commission to pay Finland�s court costs 
(YLE, 2009). The court·s view was that the Commission was unable to show 
that full nitrogen removal was required for all treatment plants serving a 
population equivalent of greater than 10 000. At the current removal rate of 
nutrients (P and N), the impacts of eutrophication are clearly lower than if 
the rates of the directive (N 70% and P 80%) were applied (Kaloinen, 2015). 
Longterm studies by Finnish and Swedish water protection associations have 
shown that the nitrogen of inland water bodies is largely absorbed before 
reaching the sea (Katko, 2016, pp. 108�109).

Similar to pulp and paper manufacturing industries, there has been a lot 
of progress in water pollution control in Finland. From 1950 to 2007, the 
production of paper and cardboard had grown by about twenty-fold, and the 
production of pulp by almost ten-fold. By the early 2020s, the production of 
paper had declined to one third, whereas that of chemical pulp and cardboard 
had grown by a quarter (Finnish Forest Industries, 2024).

The loadings from forest industries began to decline in the 1970s along with 
water pollution control measures. At that time, a sulphite pulp mill could use 
approximately 350 m3 of water per produced ton, and the older sulphite method 
even more (Kytö, 1974), the lowest current �gures are approximately 5 m3 per 
produced ton thanks to better processes and internal cycles, thus showing a 
very strong improvement in the e�ciency of water use.

On the European scale, approximately 40% of surface water bodies have 
good ecological status and 38% of them have good chemical status. In addition, 
approximately 85% of bathing water sites are of excellent quality and over 
90% of urban wastewater is dealt with in line with EU standards (European 
Commission, 2024).

A more recent challenge related to water pollution comes from mining. In South 
Africa, Grewar (2019) reviewed options for reusing mine impacted waters. There, 
the government believes that substantial volumes of water would be available 
through the reuse of treated mining-impacted waters. Currently, large volumes 
of such waters are produced, often with no end use. Treating these wastewaters 
to meet ��tness-for-use� guidelines would reduce the treatment costs compared to 
potable water production. The review suggests that the most suitable option for 
reuse of treated mine impacted water is for irrigation of a variety of crops.

However, globally, the statistics for wastewater treatment are stark. Corcoran 
et�al. (2010) referred to the term �sick water� when noting that around 2010, two 
million tons of sewage, industrial and agricultural waste was discharged into 
the world�s waterways and at least 1.8 million children under �ve years old died 
every year from water related diseases; this is one every twenty seconds.

According to the United Nations World Water Development Report 2017 
(WWAP, 2017), over 80% of the world�s wastewater was released into the 
environment without any treatment. High-income countries treated approximately 
70% of their municipal and industrial wastewaters. In upper-middle-income 
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countries this ratio dropped down to 38%, and in lower-middle-income countries 
to 28%. In low-income countries, only 8% had treatment of any kind.

In 2020, it was estimated that 56% of global household wastewater �ows was 
safely treated (UN-Habitat and WHO, 2021). For regions, Jones et�al. (2021) 
reported that wastewater collection and treatment rates are the highest in 
western Europe (88% and 86%) and the lowest in South Asia (31% and 16%) and 
sub-Saharan Africa (23% and 16%). The share of untreated wastewater is still 
far too high in many parts of the world. Yet, it could be that due to operations 
and maintenance problems, the actual levels of wastewater treatment might be 
lower than the �gures presented.

Waste stabilisation ponds (WSPs) are man-made earthen basins used 
for wastewater treatment that aim to reduce nutrients, micro- and macro-
pollutants and remove pathogens from wastewater. According to Kadri et�al. 
(2021), WSPs would be especially suitable for low-income countries that have 
warm climates as they are cost-e�ective, highly e�cient, entirely natural and 
highly sustainable.

At a global scale, there is a long way to go in water pollution control. It is 
clear that WWTPs are not water polluters but on the contrary, they have done a 
good job in saving surface waters and the environment. Public relations in the 
media are important in promoting awareness of these issues.

It is likely that step-by-step development is the most feasible way forward in 
most cases. As an alternative to waterborne sanitation, we discuss the option 
of dry sanitation as part of Property Managed Water Supply and Sanitation in 
Myth 12.
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Myth 12: Only centralised piped water and waterborne sewerage are 
good enough in a modern society

While myths one to eleven have mainly focused on network-based water supply 
and wastewater services, this myth is about self-supply systems that are owned 
and managed either by households themselves or by a small group of households.

Many countries including high-income economies may have substantial rural 
populations that have no access to public water and/or wastewater systems. 
This category of Property Managed Water Supply and Sanitation (PMWSS) 
constitutes an additional �fourth� level that should be taken into account. But 
how should PMWSS be organised and managed?

In Finland, Sweden, and Norway, in total approximately three million 
inhabitants live outside the centralised sewer network which represents 
13% of their combined population. In addition, approximately half a million 
second homes exist in each country, the majority of which are situated outside 
centrally sewered areas (Laukka et�al., 2022). Despite the anticipated increase 
in urbanisation, in the European Union there are large rural areas which make 
up half of Europe and represent around 20% of the population (European 
Commission, n.d., a).

It is often thought that a dry toilet is an old-fashioned solution, and a 
modern apartment should automatically have a water toilet (Figure 3.16). 

Figure 3.16  Some of us may dream of making piped water and sewerage available 
everywhere. But is this really sensible? 
Illustration: Pertti Väyrynen.
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Today, solutions have been developed that make the use of dry toilets easier 
and more convenient than ever before. In addition, faeces and urine contain 
a lot of nutrients and, therefore, can be used as fertilisers. This has obvious 
advantages, at least for holiday homes, and when fertilisers are in short supply 
or are expensive.

In many countries waterborne sanitation (the water closet or WC) 
revolutionised urban and rural lifestyles in the 1950s and 1960s. Some people 
may have wondered why they had to go out to eat and defecate in the house, 
since they were used to doing the opposite. However, WCs caused many 
environmental and hygiene problems at that time in urban and rural areas 
because there were not necessarily proper systems for treating toilet waters 
(Juuti & Wallenius, 2005).

In the USA, Maxcy-Brown et�al. (2023) estimated that approximately 25% 
of American households use onsite wastewater treatment systems (OWTS); 
this �gure exceeds the American Housing Survey estimate (15.7%) by over 12 
million households. They noted as well that the Joint Monitoring Program for 
Water Supply, Sanitation and Hygiene (JMP by UNICEF and WHO) data on 
achieving the SDG target 6.2 may underestimate the prevalence of unsafely 
managed sanitation in high-income countries. Their concern was the potential 
under-prioritisation of data on a key human right that is not only essential 
for protecting human health but also for the environment. Furthermore, most 
nationwide surveys overlook homeless populations and illegal immigrants 
(authors� note).

As for sanitation infrastructure, latrines are too often viewed with disdain 
and in many cultures talking about bodily functions is still a taboo. The 
caretakers of latrines are often seen as the lowest class of all working people. 
In poor living conditions, the social status of tenants was indicated by their 
location � the further one lived from the latrine, the better. Nevertheless, it is 
vital to talk with people about what kind of solutions are acceptable to them 
(Juuti & Wallenius, 2005).

In 2004, the �rst actual wastewater decree for sparsely populated areas 
came into force in Finland, which called for more e�cient property level 
wastewater systems within a ten-year period. Implementation of this decree, 
however, proved more di�cult than anticipated. Nonetheless, its stringency 
was eased by implementing it in several phases. In 2017, the requirements to 
renew the wastewater systems of permanent housing became compulsory in 
areas close to water bodies or situated in groundwater areas. For permanent 
housing, approximately 16% and 7% of the two categories are situated in such 
areas; these �gures are surprisingly low. Thus, it is probable that implementing 
the current requirements would have been more viable during the initial phase. 
Related to these, Kallio (2020) analysed the e�orts of on-site wastewater 
treatment guidance in Finland. While found profound and professional, it 
remains to be seen whether the improvement of wastewater treatment will need 
more e�ective monitoring.

The weakest point of the decree is that the investment, use and maintenance 
of water supply and wastewater treatment equipment is left entirely to the 
property owner/occupant. If a water toilet is used, the wastewater should be 
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properly treated. It is not reasonable to assume that the average citizen would 
automatically be the operator of a wastewater treatment plant. Based on the 
interviews and discussions that took place, it seems that the wastewater decree 
in sparsely populated areas was taken forward largely according to the terms 
of the legislation. In addition to this, it would have been possible to experiment 
further to identify approaches that work (Mattila, 2005).

Based on Nordic and other European countries for governing on-site sanitation, 
Laukka et�al. (2022) recommended the following:

(i)	 A coherent national regulatory framework is of critical importance as 
the basis for good governance practice and a functioning sanitation 
service chain.

(ii)	 Implementation of the regulations requires adequate support mechanisms 
at all levels of implementation (national, regional and local).

(iii)	Public awareness needs to be increased to strengthen the policy 
relevance of on-site sanitation.

(iv)	 Common platforms are required for presenting the results of various 
studies, sharing good practices, coworking and learning from each other 
both at national and international level.

(v)	 In addition to those above, regional and local level frameworks, and 
payment and/or subsidies should likely be considered.

For some years, it has been suggested that alternatives for centralised 
community water and wastewater systems should be developed (Sustainable 
Sanitation Alliance). Among others, several of the authors were involved in 
organising a series of six Dry Toilet Conferences from 2003 to 2018 in Finland 
(Katko, 2016, pp. 114�115). Accordingly, the IWA hosted its �rst Non-Sewered 
Sanitation Conference in 2023 in Johannesburg, South Africa (IWA, 2023). 
However, particularly in relation to sanitation, historical experiences and 
cultural heritage need to be taken into account.

In their study on �self-supply� focusing on sub-Saharan Africa, Sutton and 
Butterworth (2021, p. 265) stated that in low- and many middle-income countries, 
self-supply can �ll gaps in public water provision, particularly among low-density 
rural populations. The role of self-supply would need greater recognition and a 
policy change by governments, development partners and practitioners. Self-
supply has long been overlooked since it is not mapped, monitored or regulated. 
Thereby it is invisible to public policymakers and decision takers.

REALITY: Property Managed Water Supply is one of the options in 
reaching SDG6 to ensure access to water and sanitation for all. For 
sanitation, it is recommended to use dry toilets in areas without water 
and wastewater infrastructure. Yet, for urban areas and larger scale 
solutions, such systems are not likely to be feasible.
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Sutton and Butterworth (2021, p. 27) further pointed out how self-supply 
has been part of the historical development in countries that have reached 
universal access. In this �eld, the authors have also made many contributions 
(Cadwes � Books, 2024), as discussed more in chapter �ve, Myth 18.

The fact that major water service gaps still exist in rural households forcing 
them to invest directly in self-supply was highlighted by Wainaina and Barbosa 
(2024). They argued that self-supply is the foundational and often preferred 
model for rural households due to its reliability, predictability, control and 
�exibility. Therefore, they called for investment in research on self-supply 
policy and practice.

In rural Ethiopia, water is still collected in many places from natural or 
improved spring sources, where water �ows freely. A house-speci�c unprotected 
dug well is used in areas where the groundwater level is high (close to the 
surface). Community managed wells are normally equipped with a hand pump 
or motorised pump. The number of users of protected spring sources and wells 
ranges from 150 to 500. In piped systems, water �ows by means of gravity and 
is normally distributed through public water points along the canal or pipe. 
People fetch their water with jerrycans and pay based on the quantity taken. 
In areas with high �uoride content, water is sometimes treated with bone 
charcoal �ltration. In the countryside there are no water toilets and it is still 
very common to use a simple pit (�long-drop toilet�) with a concrete or wooden 
cover (Suominen, 2024).

According to Suominen (2024), self-supply has been on the agenda of 
Ethiopian WASH since 2008 but from 2017 professionalisation and piped 
water supply started to dominate the water strategy and self-supply was largely 
forgotten. In 2024, self-supply was again resurrected and approval was given 
for it to be developed further in Ethiopia.

In their study, Duque et�al. (2024) stated that decentralised systems can 
o�er economic advantages when capital expenditure costs for small-scale 
wastewater treatment plants are signi�cantly reduced compared to current 
costs. While this is possible, as shown in Myth 5, water and wastewater 
treatment are signi�cantly cheaper than the costs of water and sewer 
networks. But it is perhaps good to keep in mind their question: �When 
does infrastructure hybridisation outperform centralised infrastructure 
paradigms?�.

The Rural Water Supply Network (RWSN) Executive Steering Committee 
(2010) presented seven myths on rural water supplies. While the �rst suggests 
using public funds and heavily subsidising hardware, the RWSN argued 
for greater recognition of the �nancial contributions by households and 
communities as well as improved knowledge and skills. Second, building rural 
water supply systems is clearly not more imperative than keeping them working, 
but both factors are important. Third, since communities are not always capable 
of managing their own facilities, the following are needed: (i) meaningful 
participation and training of communities; (ii) capacity, �nancial resources 
and monitoring systems to support them, and (iii) testing of alternatives in 
community management.
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In Myth 4, rather than stipulating 20 litres per person per day of clean 
water, there is an urgent need to consider (i) other water requirements, such 
as for livestock and crops; (ii) household values with respect to water and (iii) 
presentation and demonstration of real and a�ordable choices for household 
water supplies. Contrary to the myth �we know what we want and what we can 
get from the private sector�, there are very few incentives for the private sector to 
invest in construction or management of RWS. Although any action to improve 
rural water supplies would be laudable, the RWSN paper advocated for: (i) 
coordination between RWS actors at all levels; (ii) strengthened institutions and 
improved mechanisms to NGOs, other government agencies and donors; (iii) 
raising awareness of the damage that can occur with misdirected approaches; 
(iv) scheduling project implementation for the bene�t of rural dwellers; and 
(v) high levels of professionalism and work ethic. The �nal point argued in 
the paper was that there is no quick �x to substitute for long-term political 
negotiation, institution building, education, investment and innovation. The 
committee concluded that much more �exible, adaptive approaches are needed 
(RWSN Executive Steering Committee, 2010).

Mattila (2024) suggests that in property managed water systems and 
sanitation, active product development would be needed. In areas with 
occasional droughts, waterborne sanitation should use water as little as possible.

Myth 12 on Property Managed Water Supply and Sanitation (PMWSS) is a 
further example of how in sustainable water services we cannot merely focus 
on technology; multifaceted issues and miscellaneous requirements should be 
taken into account (Myth 15).

PMWSS is one option for water services delivery and thus is a part of the 
institutional diversity that exists in water services provision and production. 
This leads us to chapter four, focussing on the myths related to institutional 
factors and arrangements � the rules of the game. For water and sanitation as a 
human right, we refer to Myth 14.

3.5  DISCUSSION QUESTIONS
(1)	 Evaluate how many times you use tap water, either directly or indirectly, 

in a single 24-hour period.
(2)	 Evaluate how many times you use the toilet in one 24-hour period. By 

what processes do you think toilets are placed in public spaces?
(3)	 What are the advantages and disadvantages of bottled water?
(4)	 What kind of water tower designs blend into the landscape and which 

do not?
(5)	 Can the speci�c use of water still decline in the future?
(6)	 What should be done to prevent items that do not belong there from 

ending up in the sewer?
(7)	 How can the renovation and renewal of water and wastewater networks 

be promoted?
(8)	 To what extent is water pollution still caused by human activities?
(9)	 What kind of bene�ts can self-supply water and dry toilets bring to 

residents?
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‘We never know the worth of water until the well is dry .’ (English Proverb)

‘Plans fail for lack of counsel, but with many advisers they succeed .’ 
(Proverbs 15:22)

4.1  INTRODUCTION
Numerous studies have addressed the relevance of water utility performance 
globally. These studies point out the importance of the institutional factors  
a�ecting those managing water utilities and those providing regulatory 
oversight: social structures (the political and cultural context), formal 
organisations (government ministries and regulatory authorities), and support 
systems (including political patronage and civil service). These external 
factors a�ect how con�icts are resolved regarding resource allocation, pricing 
and access to water services. Obviously, these issues in�uence the internal 
governance of water utilities ( Berg, 2013).

The most popular de�nitions of an institution have at their core social 
factors that in�uence, to some extent, human behaviour ( Davis, 2009). 
According to North (1993 , pp. 5–7), institutions are the ‘rules of the game of 
a society, or more formally, are the humanly devised constraints that shape 
human interaction’. They are composed of formal rules (statute law, common 
law, regulations), informal constraints (conventions, norms of behaviour and 
self-imposed codes of conduct), and the enforcement characteristics of both. 
Together with the standard constraints of economics, institutions de�ne the 
choice set and, therefore, determine transaction and production costs. They 
evolve incrementally, connecting the past with the present and the future. 
The admixture of rules, norms and enforcement characteristics determines 

Chapter 4

Rules of water services: 
how to promote teamwork?

on 02 September 2025



88 Dispelling Myths about Water Services

economic performance. Hendricks (2010)  de�ned institutions as society’s 
means to govern itself.

North (1993 , p. 2) explained that institutions are formed to reduce uncertainty 
in human exchange. According to North (1993 , p. 5) it shall also be of the 
utmost importance to distinguish clearly institutions from organisations. The 
government authorities, provincial administration, water utilities, enterprises 
and associations, and in some instances the individuals, can be de�ned as 
organisations. These de�nitions support �ve propositions that de�ne the 
essential characteristics of institutional change ( North 1993 , p. 6):

(1)	 The continuous interaction of institutions and organisations in the 
economic setting of scarcity so that competition is the key to institutional 
change.

(2)	 Competition forces organisations to continually invest in skills and 
knowledge to survive. The kinds of skills and knowledge acquired by 
individuals and their organisations will shape evolving perceptions 
of opportunities and hence choices that will incrementally alter 
institutions.

(3)	 The institutional framework dictates the kinds of skills and knowledge 
perceived to have the maximum pay-o�.

(4)	 Perceptions are derived from the mental constructs of the players.
(5)	 The economies of scope, complementarities, and network externalities 

of an institutional matrix make institutional change overwhelmingly 
incremental and path-dependent.

The water services playground
North (1994)  explained that organisations are functioning in such a way 
that they try to utilise available opportunities within the boundaries of the 
institutional framework. North (1990)  compared the institutions with the 
rules of competitive team sports, which consist of formal and written rules 
and underlying and supplementary unwritten codes of conduct. If the rules or 
informal codes are violated, some sort of punishment or penalty will often be 
enacted. An essential part of the functioning of institutions is the high cost of 
ascertaining violations and severity of punishment.

Using the ‘soccer analogy’ of North (2003) , Figure 4.1 shows an example on 
how utility-based water services are played in Finland where water services 
are provided by the local governments (municipalities) and produced by 
municipal utilities or water cooperatives. As in good soccer, we need skillful 
players (competent sta�), good team play (good governance), proper training 
and coaching (education, capacity building), active supporters (fans, citizens, 
media), managers (policymakers), referees (permit authorities), rules and 
sidelines on the �eld (legislation), and a playground (infrastructure) ( Inha 
et�al. , 2019a, p. 1).

In addition, we need supporting services such as physiotherapy for recovery 
(operation and maintenance). Water sector professionals as well as being very 
good players have the ability to alter their roles, making career changes and 
widening their views and competence. Besides, they have a good eye for the 
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game and capacity to react accordingly. In other words, they are agile and 
resilient. Even a world-class team should not rely too much on one player, but 
on smooth collaboration and team play ( Inha et�al. , 2019a, p. 3).

According to other Finnish institutional arrangements of on-site systems, 
cooperatives and various forms of supramunicipal systems, the players and 
their roles change accordingly ( Inha et�al. , 2019a, pp. 3, 7). The smallest water 
producers are the on-site self-supply systems, typically serving one or a few 
households where the real estate owner is in charge. Small rural systems 
serving a village or slightly larger area, are commonly managed by Water User 
Associations (cooperatives), which have recently become increasingly involved 
also in wastewater management. In these cooperatives, a ‘champion’ ( Katko, 
1994) plays in the mid�eld with the municipality acting as the goalkeeper. 
In smaller systems the role of citizens is remarkably important. In the case 
of supramunicipal systems, municipal utilities play in the frontline while 
the manager and the board stay more in the mid�eld. Often, the Supreme 
Administrative Court acts as the goalkeeper, at least in contentious cases.

While the principles of good teamwork in soccer can be useful for describing 
the nature of water services, they do not apply universally. The business 
principles commonly found in high-level international soccer do not align with 
water services, which are designed to provide essential services to all citizens 
(Myth 14). At the same time, it is important to incorporate sound economic 

Figure 4.1   Finnish soccer ground for utility-based water services.
Source: Inha et�al.  (2019a, p. 4).
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