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Foreword

In many parts of the world the availability of fresh water
is taken for granted. Few of us are aware that the vast
majority of global water is sea water; unpolluted fresh
water accounts for only 0.025% of total water accessible
globally. An increasing population and a changing
climate could increase demand for fresh water by 30%
before 2030. Already parts of the world are using water
unsustainably.

Our relationship with water is complex, with competing
demands from a range of sectors. In particular, the
trilemma between water, food and energy is an example
of where resources are being stretched both globally and
at a local scale. In the east of England — the UK’s driest
region — water is needed not only for a growing
population but also for serving agriculture and protecting
the environment. A changing climate is bringing us hotter
and drier summers, warmer winters and, to test us even
further, extreme weather events such as more intense
storms. The warming of the oceans will lead to rising sea
levels (typically by up to 320 mm by 2050), which could
mean that some geographical areas will be below sea
level, increasing the risk of catastrophic flooding from
tidal surge events.

In Anglian Water we have taken a leadership position in
response to these environmental challenges, for example
by reducing capital and operational carbon with respect
to building and operating our assets. Key to this is
having a clear vision and leaders who can show us how
we can mitigate the impacts of climate change.

Understanding all these challenges has a causal link to
how we plan and construct our infrastructure both now
and in the future. We have an opportunity to deliver
sustainable solutions with reduced carbon, with less
waste and at a lower cost; while being aware of
stakeholder needs and preferences.

Our experience in tackling these challenges recognises the
importance of leadership and vision across the full value
chain. We require processes that demand and reward
sustainable solutions, using innovation as the engine of
change.

We are heading further into a resource-constrained
future. The key messages and actions we need to take in
the water sector are made clear through this book,
helping us create a more sustainable world to meet the
needs of future generations. The challenges that need to
be faced are set out clearly at the beginning of the book,
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and this is followed by a series of chapters that give
practical and accessible guidance on what can be done to
address the challenges at each stage of the delivery of
water assets and services. The contrasting approaches
that need to be taken in dealing with water issues in
developing countries are covered in Chapter 10. The
book concludes with suggestions of how change can be
achieved through embracing innovation and challenging
conventional ways of thinking, and these are illustrated
with many examples of where this is already being done.

I would like to take the opportunity to thank both
Charles and Dick and the many other expert contributors
for writing this excellent book, and the series as a whole,
and in helping to raise awareness of the principles of
sustainability in action. This is not another textbook on
the technologies of water systems. The value of this book
lies in the wealth of advice as to *what practitioners can
do’, at the level of everyday engineering decision-making
in the water sector, and it will be an invaluable source of
ideas for all those working in our industry.

Chris Newsome

Chair of UK Water Industry Research

Member of the Green Construction Board

Chair of the Infrastructure Working Group

Director of the Institute of Asset Management

Director of Asset Management, Anglian Water Services Ltd
Chairman of (@one Alliance



Series
introduction

The books in this series are engineering books about
sustainability — not the other way round. They are for
practising engineers, and other infrastructure
professionals, who know generally of the challenges of
sustainability but have not read specialist books on the
subject. The books are accessible and focused, and are
illustrated with case study examples. They will help the
reader to understand sustainability, to identify and apply
the critical changes needed in each infrastructure sector
to provide more sustainable solutions, and to embed
these into our engineering excellence tradition of
delivering high-quality infrastructure on time, within cost
and with good service — as quickly and straightforwardly
as possible.

Asking the right questions at the right time
Many engineers start work in the later stages of project
delivery: feasibility, project detailed design, construction
or operation. They may find it difficult to see how, and
when, the sometimes vague language of sustainability
affects what they do. But engineers do have
responsibility, and it matters because every infrastructure
project contributes to, or detracts from, sustainability. As
their careers progress, they may get involved in the earlier
stages of projects — project scoping, or business strategy
and objectives — where they can have a wider influence.
Whatever stage an engineer is working in there are
opportunities to deliver more sustainable solutions but.
as value management tells us, the biggest opportunities
are often in the earlier stages of the process and at the
very start of each stage. Do not underestimate the
difference that can be made even in the later stages: the
best opportunities to deliver more sustainable
infrastructure projects come by asking radical questions
right at the start of each stage, before the pressure of
‘just get it done’ production takes over.

Each book in this series, whether it be on buildings,
water, transport or other forms of infrastructure, refers
to the key principles set out in the first book: Sustainable
Infrastructure: Principles into Practice. The sector-specific
books ask how these principles can be applied to
particular types of infrastructure, highlight with
examples where the principles are relevant, and ask
‘What can practitioners do?”. They provide a summary of
the core sustainability challenges each infrastructure
sector faces, and focus on emerging good sustainable
practice drawn from expert practitioners in each field.
They give practical advice on ‘how to do it* and describe
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About the
series editors

i

opportunities where sustainable solutions can be
introduced.

The books cover only the sustainability aspects of
infrastructure, so are to be used alongside standard
engineering texts and methods. The aim is not for the
books to offer complete coverage, nor to be ‘balanced’;
rather, they focus on things that most need changing and
will make the most difference, using latest best practice —
to help engineers deliver sustainable infrastructure.

Charles Ainger and Richard Fenner
Series editors
September 2015

Richard Fenner BSc(Hons), PhD, CEng, FCIWEM,
MICE is a Reader in Engineering Sustainability in the
Department of Engineering at Cambridge University and
has published more than 100 papers, books and chapters.
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Chartered Institution of Water and Environmental
Management, specialising in water, sanitation and
sustainability issues in developed and developing
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industry asset management. He is the recipient of several
awards from the ICE including the RA Carr prize and
the James Watt Medal.

Charles Ainger MA, MSe, CEng, FICE, CIWEM is a
former Sustainable Development Director for MWH'’s
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environmental engineering experience in 16 countries,
from Europe to Asia. His particular interest is in
facilitating effective innovation and change leadership in
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neutral approach. He is a recipient of an ICE President’s
Medal.
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in the Proceedings of the Institution of Civil Engineers.
The title of the paper is: “Widening engineering horizons:
addressing the complexity of sustainable development’,
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the question “Am I being sustainable?” during different
phases of project delivery.



About this
book

Background and purpose

We see a considerable gap in understanding and language
between the concept of sustainability and the practice for
actually achieving it in infrastructure. While many books
have been published about sustainability in many aspects
of water, few of them have approached it from the time-
limited, output-driven perspective of the practical
engineer/practitioner. This book series — Delivering
Sustainable Infrastructure — aims to fill that gap. It
applies a common set of sustainability principles to
practice in different infrastructure sectors. The series so
far has covered water, buildings, transport and waste
management, and more volumes may be added. Each
volume takes a similar approach, and applies the
common set of principles and practice that was developed
in the first, overarching book in this series, Principles into
Practice.

This book

This is the sector book on water. It identifies the key
issues facing the sector, and shows how these can be
addressed in everyday practice by applying the common
set of principles developed through the series. The book
is for water-sector practitioners — all the varied
professionals (and others) who play vital roles in creating
and maintaining water-related services, including, of
course, engineers — who know generally about the
challenges of sustainability but have not studied the
subject. The aim is to help the reader understand
sustainability as it applies to water, and to identify and
apply the critical changes needed to provide more
sustainable solutions. We need to embed these changes in
our tradition of service excellence — delivering water
where it is needed, protecting the environment from
pollution, and dealing with drainage and flooding — as
straightforwardly as possible.

The book combines practical experience with academic
rigour presented in a practical style. Several of the
chapters have been written by authors who are specialists
in their respective fields, and they have used a wide range
of case studies and examples. For simplicity, we have
used ‘practitioner” as shorthand for all those who act in
providing water services, including the many who are not
engineers.

We do not intend to cover the fundamental technical
knowledge needed for the design and operation of water
systems, as such material can be found in many other
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XV

excellent books on water and wastewater engineering.
Instead we explore which parts of these systems need to
be challenged and new and more sustainable ways found
for providing these essential water services. Throughout,
we try and give examples of best practice where this can,
and is, being done.

Book structure
This book is divided into three parts.

Part I: Principles introduces the key sustainability issues
and challenges for the water sector, and summarises the
book content (Chapter 1). It applies the core
sustainability principles developed in Principles into
Practice to the water sector, and thus identifies the sector
priorities for change to sustainability (Chapter 2).

Part [I: Practice is structured to match the priority areas
for change that emerge (rom Chapter 2. In the pursuit of
clarity and a strong focus, it does not attempt to give a
complete coverage of the sector, and some compromise in
chapter structure is involved. Chapters are broadly
divided between the two stages of “planning’ and ‘service
delivery’, to help you focus on the right questions at the
right time:

®  Planning: Chapter 3 — Water resources; Chapter 4 —
Water in the urban system: Chapter 5 — Water in the
rural system.

m  Service delivery: Chapter 6 — Water demand and
supply: Chapter 7 — Wastewater management;
Chapter 8 — Drainage and flood resilience; Chapter 9
— Innovating beyond operations - a water company
example: Chapter 10 - Water in development.

Each chapter, written by a practitioner who is specialist
in the field, describes opportunities and methodologies
for achieving water sector sustainability. All these
authors draw on their own experience to illustrate
leading-edge practice and collectively they provide a
diverse range of viewpoints.

Part I1I: Change helps you to see iow and when you can
move companies, teams and projects to adopt that best
practice. It discusses the drivers, barriers, potential ways
to innovate, and how to influence by asking the right
questions at the right time, and methodologies for
developing sustainable solutions (Chapter 11). It then
highlights four key trends that can enable innovation.
with case study examples, and how they can work



together (Chapter 12). It finishes with an end note
suggesting a ‘direction of travel’ towards a sustainable
water sector, as an inspiration and goal for action
(Chapter 13).

Finally, Appendix | summarises for reference the key

principles from Principles into Practice, and Appendix 2
offers advice on how you can rapidly share new practice
for sustainable water — a key to speeding up innovation.

This sector book makes many references to Principles
into Practice, the general book that introduced the series.
We hope you will read that too, but the aim is for the
present book to stand on its own. The structuring of
Part Il around the separate subsectors of water will allow
those of you with limited time to focus on those chapters
that are most immediately relevant to your role. But start
by reading Part I, to make sense of everything that
follows. You can then dip into Part III to look for
further help in whatever innovative action you want to

try.

Some of this may seem hard to do, given present roles
and practices, but there are such opportunities and they
are already being exploited as best practice. If you know
what questions to ask, and when, innovating towards
sustainability is doable, even if you do not see yourself as
a “change agent’. You have more capacity to change
things than perhaps you think. We can all, in effect,
incorporate sustainability in our definition of ‘good water
engineering’.

This book will help you choose the what, how and when.
We hope you will use it, enjoy it and feed your own
innovative experience into the common store of water-
sector knowledge about sustainability.
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