©2020 The Author(s)

This is an Open Access book distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives Licence (CC BY-NC-ND 4.0), which
permits copying and redistribution in the original format for non-commercial
purposes, provided the original work is properly cited.
(http://creativecommons.org/licenses/by-nc-nd/4.0/). This does not affect the rights
licensed or assigned from any third party in this book.

This title was made available Open Access through a
partnership with Knowledge Unlatched.

IWA Publishing would like to thank all of the libraries for
pledging to support the transition of this title to Open
Access through the KU Select 2019 program.

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publishina publications@iwap co uk

Knowledge
Unlatched

PUBLISHING



Milestonesin i’
Water Reuse

The Best Success Stories

Valentina Lazarova, Takashi Asano,
Akica Bahri and John Anderson

Publishing

=, i

’ S— — 3
% by - P
Downloaded from| i nline-e8Mm/ebooks/book-pd
bv IWA Publishina. nubf€ations@iwap co uk . .




Milestones in Water Reuse

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



Milestones in Water Reuse
The Best Success Stories

Valentina Lazarova, Takashi Asano, Akica Bahri
and John Anderson

IWA

Publishing

London * New York

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



Published by IWA Publishing
Alliance House
12 Caxton Street
London SW1H 0QS, UK
Telephone: +44 (0)20 7654 5500
Fax: +44 (0)20 7654 5555
Email: publications@iwap.co.uk
Web: www.iwapublishing.com

First published 2013
© 2013 IWA Publishing

Apart from any fair dealing for the purposes of research or private study, or criticism or review, as permitted under the UK Copyright,
Designs and Patents Act (1998), no part of this publication may be reproduced, stored or transmitted in any form or by any means,
without the prior permission in writing of the publisher, or, in the case of photographic reproduction, in accordance with the terms
of licenses issued by the Copyright Licensing Agency in the UK, or in accordance with the terms of licenses issued by the
appropriate reproduction rights organization outside the UK. Enquiries concerning reproduction outside the terms stated here
should be sent to IWA Publishing at the address printed above.

The publisher makes no representation, express or implied, with regard to the accuracy of the information contained in this book and
cannot accept any legal responsibility or liability for errors or omissions that may be made.

Disclaimer

The information provided and the opinions given in this publication are not necessarily those of IWA and should not be acted upon
without independent consideration and professional advice. IWA and the Author will not accept responsibility for any loss or
damage suffered by any person acting or refraining from acting upon any material contained in this publication.

British Library Cataloguing in Publication Data
A CIP catalogue record for this book is available from the British Library

ISBN: 9781780400075 (Paperback)
ISBN: 9781780400716 (eBook)

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



Contents

List of Contributors . ... ... xiii
Preface . ... Xix
Foreword . ... . XXi
Introductory Chapter ....... .. ... 1
Milestones in water reuse: main challenges, keys to success and trends of

development. AN OVEIVIEW . . . . . . . . . ... 1
Valentina Lazarova and Takashi Asano

RETErENCES ... 20
Part I: The role of water reuse in integrated water management and cities of the future ..... 23
Chapter 1

Water for life: diversification and water reuse as ingredients in Sydney’s

integrated water plan . . ... ... ... . ... 27
John Anderson

1.1 INtrodUCTION ... 27
1.2 The 2006 Metropolitan Water Plan .. ... ... . e e 28
1.3 The 2010 Metropolitan Water Plan . ... ... ... e 28
1.4 The 2014 Metropolitan Water Plan . ... ... e e e 34
1B OVBIVIBW . 34
References and Further Reading . ... ... i e e 35
Chapter 2

Producing designer recycled water tailored to customerneeds ... ..................... 37
Joseph Walters, Gregg Oelker and Valentina Lazarova

2.1 INtrodUCHiON ..o 37
2.2 Technical Challenges of Water Quality Control ......... ... ... . . . . . i, 39
2.3 Water Reuse Applications . ... ... e 47
2.4 Economics of Water ReUSEe ... ... i 48
2.5 Human Dimension of Water Reuse ......... ... i e 50
2.6 CONCIUSIONS ... i e e e 51
References and Further Reading ....... ... i e 51

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



@ Chapter 3
5 NEWater: A key element of Singapore’s water sustainability. . . . ... .................... 53
#  Mong-Hoo Lim and Harry Seah
% 3.1 INtrOdUCHION .o 53
3 3.2 Technical Challenges of Water Quality Control .......... ... . . i .. 56
a 3.3 NEWater Applications . ... ... e e 59
‘g 3.4 Human Dimension of NEWater . ....... ... 59
m 3.5 Conclusions and Lessons Learned ........... .. i 61
2 References and Further Reading .. ... ... i 62
|_
2
=]
&  Chapter 4
8 Integration of water reuse in the management of water resources
‘;“ iNnCostaBrava. . . ... ... .. . ... .. e 63
c Lluis Sala
8 4.1 IntrodUCtion ... .. .. 63
S 4.2 Technical Challenges of Water Quality Control .......... ... ... . . . . . .. 65
E”: 4.3 Water Reuse Applications .. ... . i e e 69
= 4.4 Economics of Water ReUSe ... ... .. o 70
= 4.5 Human Dimension of Water Reuse ........... . i e 72
4.6 Conclusions and Lessons Learned . ........... ... ittt e 72
References and Further Reading . ....... .. i e e e 73
Chapter 5
Integration of water reuse for the sustainable management of water
resources in CYPIUS . . . ... . . ... e 75
lacovos Papaiacovou and Athina Papatheodoulou
BT INtrodUCTION .. 75
5.2 Technical Challenges in Water Quality Control ........ ... ... . ... . . . . .. 78
5.3 Water Reuse Applications . ... ... i 79
5.4 Economics of Water ReUSE ... ... .. o 80
5.5 Human Dimension of Water Reuse ........ ... i e 81
5.6 Conclusions and Lessons Learned . .......... ... ittt 82
References and Further Reading . ....... ... i e e 82
Chapter 6
Role of water reuse for Tianjin, a megacity suffering from serious
water shortage. . . .. ... ... . . 83
Yu Zhang, Fusheng Tang, Dianhai Li, Yuhong Li, Weiping Chen and Min Yang
6.1 INtrodUCTION ... o 83
6.2 Technical Challenges of Water Quality Control ......... ... ... . . . . . . . i 85
6.3 Water Reuse Applications . ... ... . e 87
6.4 Economics of Water ReUSE . ... ... i 89
6.5 Human Dimension of Water ReUSE .. ... ... . i 90
6.6 Conclusions and Lessons Learned ....... ... ... i 90
References and Further Reading . ....... . i e e e 91

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



Part Il: Urban use of recycled water .......... . ... . ... . . . 93

Chapter 7
Semi-centralised urban water management as prerequisite for waterreuse . . ............ 97
Marius Mohr and Walter Trésch
T INtrodUCHION .. 97
7.2 Technical Challenges . ... e e e 99
7.3 Potential Water Reuse Applications . .......... .. i e 102
7.4 Economics of Water ReUSE ... ... ot 102
7.5 Human Dimension of Water ReUSe ... ... i 103
7.6 CoNCIUSIONS ..o 104
References and Further Reading ........ ... i e e e e e 104
Chapter 8
The exciting challenge of water reusein Madrid . . . ................................. 107
Andrés Deza and Avelino Martinez
8.1 IntrodUCHioN ... . e 107
8.2 Technical Challenges of Water Quality Control ........ ... ... .. . .. 109
8.3 Water Reuse Applications . ... ... e 111
8.4 Economics of Water ReUse ........ ... .. . 112
8.5 Human Dimension of Water Reuse .............. ... i 113
8.6 Conclussions and Lessons Learned ......... ... it 114
Chapter 9
A double dose of water reuse in the middle of the Pacific Ocean - how
Honolulu is supplying a growing population and industry . . . .. ....................... 117
Scott Edwards and Fred Layi
9.1 IntrodUCHioN ... . 117
9.2 Technical Challenges of Water Quality Control .......... ... . ... . . 119
9.3 Water Reuse Applications . ... .. . e 123
9.4 Economics of Water ReUse ........ ... ... . 124
9.5 Human Dimension of Water ReUSe ............. .. it e 125
9.6 Lessons Learned and Main Keys t0 SUCCESS . .....i ittt it 126
References and Further Reading . ....... ... i e 126
Chapter 10
The keys to success of water reuse in tourist areas — the case of BoraBora. . . . ... ...... 127
Valentina Lazarova, Vincent Sturny and Gaston Tong Sang
TO.T  INtrodUCTION ... e e 127
10.2 Role of Water Quality and Treatment Technology for the

Trust in Water ReUse . ... . 128
10.3 Water Reuse Applications . ... ... .. i e e 130
10.4 Economics of Water ReUSE ... ... i 131
10.5 Human Dimension of Water ReUse . ....... ... i e e 133
10.6 Conclusions and Lessons Learned ......... ... ... i 135
References and Further Reading . ....... .. i e e 136

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

Contents



@ Chapter 11
5 Australia’s urban and residential water reuse schemes . . ............................ 137
®  John Anderson
% T INtrOodUCHION .o 137
3 11.2 Case Studies: The Pioneering Projects ......... ... e 138
@ 11.3 Case Studies: Residential Reuse Australia-Wide ........... .. ... ... 140
‘g 11.4 Main Challenges and Lessons Learned ............ ... . i 144
m T1.D  OVEIVIBW oottt e e e e e 145
2 References and Further Reading .. ... ... 146
|_
2
S
E Part lll: Urban water reuse: decentralised water recyclingsystems ....................... 147
§ Chapter 12
£ Semi-decentralized water recycling in megacities: the example of
3 Tokyo Shinjuku Area. . . . . ... .. .. . 151
§ Kiyoaki Kitamura, Kingo Saeki and Naoyuki Funamizu
5 T2.1  INtrodUCTION ... e 151
s 12.2 The Water Reuse Project in Shinjuku Area ........ ... .. .. . i i 154
12.3 Conclusions: Keys to Success of Urban Water Reusein Tokyo .............................. 158
References and Further Reading . ... ... . i e e e 159
Chapter 13
Water reuse in the America’s first green high-rise residential
building—-the Solaire. . . . . ... ... .. . . . 161
Yanjin Liu, Eugenio Giraldo and Mark W. LeChevallier
131 INtrodUCTION ... e 161
13.2 Technical Challenges of Water Quality Control ....... ... ... ... . ... . . . . . . . .. 163
13.3 Water Reuse Applications . ... ... e e 164
13.4 Economics of Water ReUSE .. ... ..ot e 165
13.5 Human Dimension of Water Reuse ............ . e 166
13.6 Conclusions and Main Keys t0 SUCCESS .. ... ..ot e e 167
References and Further Reading . ....... .. . i e e 167
Chapter 14
On-site water reclamation and reuse in individual buildings in Japan . .. ... ............ 169
Katsuki Kimura, Naoyuki Funamizu and Yusuke Oi
T4 INtrodUCHION ..o 169
14.2 General Description of on-site Water Reclamation in Individual Buildings ................... 170
14.3 Efficiency of Membrane Bioreactors used for on-site Water Reclamation
ina Business Building ... ... e 172
14.4 Conclusions: Keys to Success of in-building Recyclingand Reuse .......................... 174
References and Further Reading . ....... .. i e e e 174

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



Part IV: Agricultural use of recycled water ............... ... ... ... .. . ... 175

Chapter 15

Production of high quality recycled water for agricultural irrigation in Milan. . . . .. ....... 179
Roberto Mazzini, Luca Pedrazzi and Valentina Lazarova

15.71  INtrodUCHION ..o 179
15.2 Technical Challenges in Water Quality Control .......... ... ... . ... . . . . . . . .. 182
15.3 Water Reuse Applications . ... ... e 185
15.4 Economics of Water ReUSE ... .. i e 186
15.5 Human Dimension of Water ReUuse . ....... ...t e 188
15.6 Conclusions and Lessons Learned ......... ... ... i 189
References and Further Reading ........ ... i e e e e e 190
Chapter 16

Key to success of water reuse for agricultural irrigation in France. . ................... 191
Antoine Fazio, Noél Faucher and Valentina Lazarova

T6.1  INtrodUCHION .. L 191
16.2 Technical Challenges of Water Quality Control ....... ... ... ... . ... . . . . . i, 192
16.3 Water Reuse Applications . ... ... e 195
16.4 Economics of Water ReUsSe ... ... i 196
16.5 Human Dimension of Water Reuse . ....... ... i e 197
16.6 Conclusions and Lessons Learned ........... ... it e e 198
References and Further Reading . ....... .. i e e 198
Chapter 17

Irrigation of crops in Australia. . . .. ........ . . . . . . . . ... 201
Daryl Stevens and John Anderson

T7.1  INtrodUCHION ... e 201
17.2 Case studies: Irrigation of Crops in Australia ............ ... .. . . . .. 203
17.3 GUIdANCE 10 GrOWEIS ...ttt et e e e e e e e e e e e 207
S O 1Y Y = 208
References and Further Reading .. ... ... i e 208
Part V: Industrial use of recycled water ......... ... ... .. 211
Chapter 18

The role of industrial reuse in the sustainability of water reuse schemes:

The example of San Luis Potosi, Mexico . ... .......... ... . . . . . . . ... 215
Alberto Rojas, Lucina Equihua and Valentina Lazarova

18.1  INtrodUCHION ... o e 215
18.2 Technical Challenges of Water Quality Control ....... ... ... ... . . . . . . . . i, 217
18.3 Water Reuse Applications . ... ... e 219
18.4 Economics of Water ReUSE . ... ... i e e e 221

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

Contents



A 18.5 Human Dimension of Water ReUSE . ....... ...ttt i 223
5 18.6 Conclusions and Lessons Learned ......... ... ittt 223
h References and Further Reading ...... ... i e e e 224
2
3 Chapter 19
@ Recycling of secondary refinery and naphtha cracker effluents employing
©  advanced multi-barrier Systems . ................... .. ... i i 225
ﬂg Josef Lahnsteiner, Srinivasan Goundavarapu, Patrick Andrade, Rajiv Mittal
= and Rajkumar Ghosh
g T19.1  INtrodUCHION ... o e 225
2 19.2 Technical Challenges of Water Quality Control .......... ... ... . . . i ... 227
o 19.3 Water Reuse Applications .. ... ... . e 232
§ 19.4 Economics of Water REUSE ...ttt e e e 233
‘;“ 19.5 Human Dimension of Water Recycling ........ ... i 234
- 19.6 Conclusions and Lessons Learned .......... ... .. it 234
» References and Further Reading . ... ... i e 234
c
bS]
[}
< Chapter 20
= High purity recycled water for refinery boiler feedwater: the RARE project. . ............ 235
Alice Towey, Jan Lee, Sanjay Reddy and James Clark
20.71 INtrodUCHION . ... e 235
20.2 Technical Challenges and Water Quality Control ........ ... ... .. .. . . . .. 236
20.3 Economics of Water REUSE . ... ...t e 241
20.4 Benefits of Water REUSE .. ... ... i 241
20.5 Conclusion: A Sustainable Solution . ......... . . . 241
Chapter 21
Closing loops - industrial water management in Germany . . . ... ...................... 243

Karl-Heinz Rosenwinkel, Axel Borchmann, Markus Engelhart, Riidiger Eppers, Holger Jung,
Joachim Marzinkowski and Sabrina Kipp

211 INtrodUCHION ..o 243
21.2 Development of Industrial Water Demand in Germany ...............iiiiiiiiiineennnnnnn. 244
21.3 Drivers for Implementation of Water Saving Techniques ............. ... .. ... ... ... 245
21.4 Examples of Closing Loop CycCles ... ... e e 246
215 PerSPECHIVES ... e 256
21.6 Conlclusions and Lessons Learned . .............. ittt i 257
REfEIENCES .. o 258
Part VI: Environmental and recreational use of recycledwater ............................ 259
Chapter 22

Restoration of environmental stream flows in megacities: the examples

in the Tokyo Metropolitan Area . . . ... ... ... .. . . . e 263
Kiyoaki Kitamura, Naoyuki Funamizu, Shinichiro Ohgaki and Kingo Saeki

2271 INtrodUCHION ... e 263
22.2 Nobidome Yousui/Tamagawa Jousui Project in Tokyo Metropolitan Area ................... 264
22.3 Restortion of Jonan Three Rivers in Tokyo Metropolitan Area ............. ... ....c.ccovvion.. 267
22.4 Public ACCEPIaNCE . ... ot e 269

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



225 Main Keys t0 SUCCESS .. ..o\ttt ittt et ettt e et e 270

References and Further Reading ......... .. i e e 271
Chapter 23

Creation of a new recreational water environment: the Beijing Olympic Park . . .......... 273
Ying-Xue Sun, Hong-Ying Hu, Josef Lahnsteiner, Yu Bai, Yi-Ping Gan

and Ferdinand Klegraf

23.1 INtrodUCHiON . ... e 273
23.2 Technical Challenges of Water Quality Control .......... ... .. .. . 275
23.3 Water Reuse Economics and Benefits ........ ... . 281
23.4 Human Dimension of Water REUSE . ... ... .. i e i 281
23.5 CoNCIUSIONS . ... . 282
REfEIENCES .. o 282
Chapter 24

Improving the air quality in Mexico City through reusing wastewater for

environmental restoration . .. ... . ... ... ... .. ... ... 283
Blanca Jiménez-Cisneros

2471 INtrodUCHION . ... e 283
24.2 Technical Challenges of Water Reuse and Environmental Restoration ....................... 287
24.3 Water Reuse Applications ... ... .. e 289
24.4 Other Associated Programs . ... ... i 290
245 Institutional Framework ... ... ... e 291
24.6 Public Acceptance and Involvement ... ... ... . e 291
24.7 Conclusions and Lessons Learned ............... ittt 291
References and Further Reading ....... ... .. e 291
Part VII: Increasing drinking water supplies ........ ... ... .. ... .. 293
Chapter 25

Key to success of groundwater recharge with recycled water in California. . . ... ........ 297
Robert B. Chalmers and Mehul Patel

25,71 INtrodUCHION ... e 297
25.2 Technical Challenges of Water Quality Control ......... ... ... . . . 301
25.3 Water Reuse Applications . ... . i e 306
25.4 Economics of Water REUSE ... ... i 309
25.5 Human Dimension of Water ReUSE . ........ .. i e e 311
25.6 Conclusions and Lessons Learned .......... ...t 313
References and Further Reading ....... ... i e 313
Chapter 26

Torreele: Indirect potable water reuse through dune aquifer recharge. . . ... ............ 315
Emmanuel Van Houtte and Johan Verbauwhede

26.T INtrodUCHiON ... . 315
26.2 Technical Challenges of Water Quality Control ......... ... ... ... . . .. 316
26.3 Water Reuse Application . ... ... .. e 319
26.4 Economics of Water ReUSe ... ... . i 320
26.5 Human Dimension of Water ReUSEe . ... ... .. i e e 320

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

Contents



@ 26.6 Conclusions and Lessons Learned ............... it 321

5 References and Further Reading ....... ... . e 321

n

a

8 Chapter 27

é 34 Years of experience with potable water reuse in the Occoquan reservoir. .. .......... 323

= Robert W. Angelotti and Thomas J. Grizzard

B 2721 INErOAUCHION ..o 323

2 27.2 Technical Challenges of Water Quality Control ........ ... ... .. ... . . . . i ... 328

= 27.3 Water Reuse Applications . ........ ... i 332

3 27.4 Economics of Water ReUSe . ... ... . . 333

o 27.5 Human Dimension of Water ReUSe . ....... ... ... i e 335

E 27.6 Conclusions and Lessons Learned .......... ...t 335

% References and Further Reading ....... ... .. e 336

=

£

4 Chapter 28

5 Western Corridor Recycled Water Scheme .. .............. ... ... ... ... ........... 339

@ Troy Walker

S 28.1 INtrodUCtion .. ... ... 339
28.2 Technical Challenges of Water Quality Control ........ ... ... .. ... . . .. 341
28.3 Water Reuse Applications ... ... . 346
28.4 Economics of Water ReUSE .. ... ... . i 347
28.5 Human Dimension of Water ReUse ........ ... . i e 349
28.6 Conclusions and Lessons Learned . ............. .. it 350
References and Further Reading . ... ... . i e e e e 350
Chapter 29
More than 40 years of direct potable reuse experience in Windhoek . .................. 351
Josef Lahnsteiner, Piet du Pisani, Jiirgen Menge and John Esterhuizen
29.1 INtrodUCHiON ... o 351
29.2 Technical Challenges of Water Quality Control ........ ... ... . . ... . . ... 353
29.3 Water Reuse Applications ... ... i e 359
29.4 Economics of Water ReUSE ... .. ... i 360
29.5 Human Dimension of Water ReUse . ....... ... i e 361
29.6 CONCIUSIONS ... i e 362
References and Further Reading . ....... ... i e e 362
X 365

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk



List of contributors

EDITORS

Valentina Lazarova”

Technical Advisor and Senior Expert
Suez Environment — CIRSEE

38 rue du president Wilson

78230 Le Pecq, France
valentina.lazarova@suez-env.com

Prof. Takashi Asano

Professor Emeritus
Department of Civil and
Environmental Engineering
University of California at Davis
Davis, CA 95616, USA
tasano@ucdavis.edu

Akica Bahri

Coordinator

African Water Facility African
Development Bank

13, rue du Ghana, B.P. 323
1002 Tunis Belvédére, Tunisia
A.BAHRI@AFDB.ORG

John Anderson

Afton Water, | Cumbora Circuit
Berowra, NSW 2081

Australia

ja.afton@gmail.com

FOREWORD

Prof. Rafael Mujeriego

Professor of Environmental

Engineering (retired)

President, Spanish Association

for Sustainable Water Reuse (ASERSA)
Universidad Politécnica de Catalunya
Barcelona, Spain
rafael.mujeriego@upc.edu

“Corresponding author

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

INTRODUCTORY CHAPTER

Valentina Lazarova*

Technical Advisor and Senior Expert
Suez Environnement — CIRSEE

38 rue du president Wilson

78230 Le Pecq, France
valentina.lazarova@suez-env.com

Prof. Takashi Asano

Professor Emeritus
Department of Civil and
Environmental Engineering
University of California at Davis
Davis, CA 95616, USA
tasano@ucdavis.edu

CHAPTER 1

John Anderson

Afton Water, | Cumbora Circuit
Berowra, NSW 2081

Australia

ja.afton@gmail.com

CHAPTER 2

Joe Walters*

Manager of Business Development &
Regulatory Affairs

West Basin Municipal Water District
17140 South Avalon Boulevard

Suite 210,

Carson, CA 90746-1269, USA
JoeW@westbasin.org

Gregg Oelker

Manager of Water Quality

United Water Services

Edward C Little Water Recycling Facility
1935 South Hughes Way

El Segundo, CA 90245, USA
Gregg.Oelker@UnitedWater.com



Milestones in Water Reuse: The Best Success Stories

Valentina Lazarova

Technical Advisor and Senior Expert
Suez Environnement — CIRSEE

38 rue du president Wilson

78230 Le Pecq, France
valentina.lazarova@suez-env.com

CHAPTER 3

Lim Mong Hoo*, Harry Seah

Deputy Director

PUB, Water Quality Office,

40 Scotts Road #14-01, Environmental Building
Singapore 228231,

Republic of Singapore
LIM_Mong_Hoo@pub.gov.sg

CHAPTER 4

Lluis Sala

Consorci Costa Brava
Plaga Josep Pla, 4, 3r 1a
17001 Girona, Spain
Isala@ccbgi.org

CHAPTERS5

lacovos Papaiacovou*,
Athina Papatheodoulou

General Manager Sewerage
Board of Limassol Amathus
76, Franklin Roosvelt Block A
PO Box 50622

3608 Limassol, Cyprus
iacovos@sbla.com.cy

CHAPTER 6

Prof. Yu Zhang*, Prof. Min Yang

State Key Lab. of Env. Aquatic Chem.
Research Center for Eco-Env. Sciences
Chinese Academy of Sciences

P.O. Box 2871

Beijing 100085, China
zhangyu@rcees.ac.cn

Fusheng Tang, Dianhai Li, Yuhong Li
Tianjin Water Recycling Co. Ltd., #9-11, B Area
JinDianShiDai Commercial Street Zhujiang Road
Hexi District

Tianjin, 300221, China

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

Prof. Weiping Chen

State Key Laboratory of Urban and Regional Ecology

Chinese Academy of Sciences
P.O. Box 2871, Beijing 100085, China

CHAPTER 7

Marius Mohr¥*,

Prof. Walter Trosch
Fraunhofer Institute for Interfacial
Engineering and Biotechnology
Nobelstr. 12,

70569 Stuttgart, Germany
marius.mohr@igb.fraunhofer.de

CHAPTER 8

Andrés Deza,
Avelino Martinez*
Canal Isabel Il - Gestion
Santa Engracia, 125,
28003 Madrid, Spain
amarher@gestioncanal.es
adeza@gestioncanal.es

CHAPTER 9
Scott Edwards*, Fred Layi

Executive VP Communications
Veolia Water North America

200 East Randolph Drive, Suite 7900
Chicago, IL 60601, USA
scott.edwards@veoliawaterna.com

CHAPTER 10

Valentina Lazarova*
Technical Advisor and Senior Expert
Suez Environnement — CIRSEE

38 rue du president Wilson

78230 Le Pecq, France
valentina.lazarova@suez-env.com

Vincent Sturny

SPEA
98713 Papeete-Tahiti
French Polynesia

Gaston Tong Sang

Mayor of Bora Bora
Municipality of Bora Bora, 98730, Vaitape
Bora Bora, French Polynesia



CHAPTER 11

John Anderson

Afton Water, | Cumbora Circuit
Berowra, NSW 2081, Australia
ja.afton@gmail.com

CHAPTER 12

Kiyoaki Kitamura

Tokyo Metropolitan Government

2-8-1 Nishi-shinjuku, Shinjuku-ku

Tokyo, 163-8001, Japan
Kiyoaki_Kitamura@member.metro.tokyo.jp

Kingo Saeki

Executive Director

Japan Sewage Works Association
Uchikanda “Suisui” Building
2-10-12 Uchikanda

Chiyodaku, Tokyo 101-0047, Japan

Prof. Naoyuki Funamizu*

Professor Hokkaido University
Division of Environmental Eng.
Kita-13 Nishi-8,

Sapporo 060-8628, Japan
funamizu@eng.hokudai.ac.jp

CHAPTER 13
Yanjin Liu*, Eugenio Giraldo,
Mark LeChevallier

American Water, 3906 Church Road,
Mount Laurel

NJ 08054, USA
Yanijin.Liu@amwater.com

CHAPTER 14
Assoc. Prof. Katsuki Kimura

Hokkaido University, Div. of Environmental Eng.

Kita-13 Nishi-8, Sapporo 060-8628, Japan
kkatsu@eng.hokudai.ac.jp

Prof. Naoyuki Funamizu*

Hokkaido University,

Division of Environmental Eng.
Kita-13 Nishi-8,

Sapporo 060-8628, Japan
funamizu@eng.hokudai.ac.jp

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

Yusuke Oi

KUBOTA Corporation

1-3, Nihonbashi-Muromachi,
3-chome

Chuo-ku, Tokyo 103-8310,
Japan

CHAPTER 15

Roberto Mazzini*

Operation Division Manager
c/o SIBA SpA

Via Lampedusa 13/D
20141 Milano, Italy
mazzini@sibaspa.it

Luca Pedrazzi

DEGREMONT ITALY
Via Benigno Crespi, 57
20159 Milano, Italy

Valentina Lazarova

Technical Advisor and Senior Expert
Suez Environnement — CIRSEE

38 rue du president Wilson

78230 Le Pecq,

France

CHAPTER 16

Antoine Fazio*

Manager of Urban Water

SCE NANTES

5 Avenue Augustin-Louis CAUCHY
BP 10703, 44307

Nantes Cedex 3,

France

antoine.fazio@sce.fr

Noél Faucher

President

Community of Municipalities
Rue de la Prée au Duc, BP 714
85330 Noirmoutier en I’lle
cc-iledenoirmoutier@wanadoo.fr

Valentina Lazarova

Technical Advisor and Senior Expert
Suez Environnement — CIRSEE

38 rue du president Wilson

78230 Le Pecq, France

List of contributors



Milestones in Water Reuse: The Best Success Stories

CHAPTER 17

Daryl Stevens

Atura Pty Ltd, Suite 204, 198 Harbour Esplanade
Docklands, Melbourne, Victoria 3008, Australia

daryl@atura.com.au

John Anderson*

Afton Water, | Cumbora Circuit
Berowra, NSW 2081, Australia
ja.afton@gmail.com

CHAPTER 18

Alberto Rojas

Director of Sanitation

State Water Commission
Mariano Otero No. 905

Barrio de Tequisquiapam, SLP
78250 San Luis Potosi, Mexico
saneamientocea@gmail.com

Lucina Equihua*

O&M Director

DEGREMONT MEXICO

Av. Paseo de la Reforma 350 Piso 15
Col. Juarez, 06600 Mexico D.F., Mexico
lucina.equihua@degremont.com

Valentina Lazarova

Technical Advisor and Senior Expert
Suez Environnement — CIRSEE

38 rue du president Wilson

78230 Le Pecq, France

CHAPTER 19

Josef Lahnsteiner*

Director

VA TECH WABAG GmbH,
Dresdner Strasse 87-91

1200 Vienna, Austria
Josef.Lahnsteiner@wabag.com

Srinivasan Goundavarapu
O&M Manager

VATECH WABAG Ltd

Murrays Gate Road, Alwarpat
Chennai 600018, India
g_srinivasan@wabag.in

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

Patrick Andrade

Head of Industrial Water Group
VATECH WABAG Ltd

Harsh Orchid Bldg., Nagras Road,
New D.P. Road, Aundh

411007, Pune, India
patrick.pune@wabag.in

Rajiv Mittal

MD and CEO

VATECH WABAG Ltd
Murrays Gate Road, Alwarpat
Chennai 600018, India
r_mittal@wabag.in.

Rajkumar Ghosh

Director (Refineries)
Indian Oil Corporation Ltd.
SCOPE Complex, Core -2
7, Institutional Area,

Lodhi Road,

New Delhi - 411 003, India
ghoshrk@iocl.co.in.

CHAPTER 20

Alice Towey

Associate Engineer

East Bay Municipal Utility District

375, 11th St., Oakland, CA 94607, USA
atowey@ebmud.com

Jan Lee

Senior Engineer

East Bay Municipal Utility District
375, 11th St., Oakland

CA 94607, USA
jrlee@ebmud.com

Sanjay Reddy*

Project Director, Black & Veatch

2999 Oak Rd, Suite 490, Walnut Creek
CA 94597, USA

reddysp@bv.com

James Clark

Senior Vice President, Black & Veatch
800 Wilshire Blvd, Suite 600

Los Angeles, CA 90017, USA
clarkjh@bv.com



CHAPTER 21

Prof. Dr.-Ing. Karl-Heinz Rosenwinkel*,
Sabrina Kipp

Institute for Sanitary Engineering and

Waste Management, Leibniz University, Hannover
Welfengarten 1, 30167 Hannover, Germany
rosenwinkel@isah.uni-hannover.de

Dr.-Ing. Axel Borchman

Fed. Ministry for Environment
Nature Conserv. & Nuclear Safety
Divsion WA | 1
Robert-Schuman-Platz 3

53175 Bonn, Germany

Dr.-Ing. Markus Engelhart

EnviroChemie
In den Leppsteinswiesen 9
64380 Rossdorf, Germany

Rudiger Eppers

Volkswagen AG, P. O. Box 1837
38436 Wolfsburg, Germany

Holger Jung

PTS - Papiertechnische Stiftung
Res. Mngt — Waste and Energy
Hessstr. 134,

80797 Munich, Germany

Prof. Dr. Joachim Marzinkowski
Bergische Universitat Wuppertal

Gaupstr. 20.
492097 Wuppertal, Germany

CHAPTER 22

Kiyoaki Kitamura

Tokyo Metropolitan Government

2-8-1 Nishi-shinjuku, Shinjuku-ku

Tokyo, 163-8001, Japan
Kiyoaki_Kitamura@member.metro.tokyo.jp

Prof. Naoyuki Funamizu*

Hokkaido University

Div. of Environmental Eng.
Kita-13 Nishi-8

Sapporo 060-8628, Japan
funamizu@eng.hokudai.ac.jp

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

Prof. Shinichiro Ohgaki

President

National Institute for Environmental
Studies (NIES)

16-2 Onogawa, Tsukuba-City
Ibaraki, 305-8506, Japan
ohgaki@nies.go.jp

Kingo Saeki

Executive Director

Japan Sewage Works Association
Uchikanda ““Suisui” Building
2-10-12 Uchikanda

Chiyodaku, Tokyo 101-0047, Japan

CHAPTER 23

Ying-Xue Sun
Associate professor

Beijing Technology and Business University

Beijing 100084, China
syingxue@126.com

Prof. Hong-Ying Hu*
Professor, Env. Simulation and

Pollution Control State Key Joint Lab.

School of Environment
Tsinghua University

Beijing 100084, China
hyhu@tsinghua.edu.cn

Josef Lahnsteiner

Director

VA TECH WABAG GmbH
Dresdner Strasse 87-91
1200 Vienna, Austria

Yu Bai, Yi-Ping Gan

Senior engineer
Beijing Drainage Group, Co. Ltd.
Beijing 100044, China

Ferdinand Klegraf

Senior Process Engineer
VA TECH WABAG GmbH
Dresdner Strasse 87-91
1200 Vienna, Austria

List of contributors



Milestones in Water Reuse: The Best Success Stories

CHAPTER 24

Blanca Jiménez-Cisneros

Investigadora Titular

Instituto de Ingenieria, UNAM
Apdo Postal 70472

04510 COYOCAN DF, MEXICO
BJimenezC@iingen.unam.mx

CHAPTER 25

Bruce Chalmers*

Bruce Chalmers, P.E.

Vice President

CDM Smith

111 Academy Way, Suite 150
Irvine, California 92617, USA
chalmersrb@cdmsmith.com

Mehul V. Patel

GWRS Program Manager
Orange County Water District
18700 Ward Street

Fountain Valley,

CA 92708, USA

CHAPTER 26

Emmanuel Van Houtte*
Geologist, R&D

LW.V.A.

Doornpannestraat 1,

8670 Koksijde, Belgium
emmanuel.van.houtte@iwva.be

Johan Verbauwhede
Managing Director
LW.VA.
Doornpannestraat 1,

8670 Koksijde, Belgium

CHAPTER 27
Robert W. Angelotti*

Director, Technical Services Division
Upper Occoquan Service Authority
14631 Compton Road

Centreville, Virginia

20121-2506, USA
bob.angelotti@uosa.org

Downloaded from https://iwaponline.com/ebooks/book-pdf/650802/wio9781780400716.pdf
bv IWA Publichina publications@iwan co uk

Thomas J. Grizzard

Professor

Director of the Occoquan

Watershed Laboratory

Occoquan Watershed

Monitoring Laboratory

9408 Prince William Street Manassas
VA 20110, USA

CHAPTER 28
Troy Walker

Technical Manager
Australia/New Zealand

Veolia Water Australia

PO Box 10819, Adelaide Street
Post Office,

Level 15, 127 Creek Street,
Brisbane, Qld 4000, Australia
troy.walker@veoliawater.com.au

CHAPTER 29

Josef Lahnsteiner*

Director

VA TECH WABAG GmbH
Dresdner Strasse 87-91

1200 Vienna, Austria
Josef.Lahnsteiner@wabag.com

Piet du Pisani

Strategic Executive, City of Windhoek
Dept. of Infrastructure

Water & Waste Management

Box 59, Windhoek, Namibia

Jurgen Menge

Chief Scientist Services,
City of Windhoek Dept. of Infrastructure
Water Technical Services

Box 59, Windhoek, Namibia

John Esterhuizen
Managing Director

Windhoek Goreangab Operating Company

Matshitshi Street, Goreangab Ext. 3,
PO Box 2103, Windhoek, Namibia



Preface

With the growing interest in water reuse, many scientific books and guidelines have been published on this topic. Although
there is a long history of successful water reuse projects worldwide, new water reuse projects often face challenges in
gaining approval or in implementation and operation. The advantages of water reuse in increasing available water resources
remain little-known and not well understood. Furthermore, the economic and environmental benefits of water reuse
projects are difficult to assess and demonstrate.

In this context, the IWA Specialist Group on Water Reuse have decided to publish this comprehensive compendium of
worldwide practices entitled “The Milestones in Water Reuse: The Best Success Stories”, which illustrates the benefits of
water reuse in the context of integrated water resources management, its role for the improvement of urban water cycle
management, for adapting to climate change and for development of the cities of the future as sustainable and
environmentally friendly human habitats. Cornerstone water reuse projects and little-known case studies have been selected
from different countries and for different water reuse applications to illustrate the keys to success and lessons learned from
their operation.

The main focus and purpose of this book is in unison with our mission: to facilitate the implementation of safe water reuse
practices through the development of successful water reuse projects, to highlight innovative water, waste and energy
management tools and to share information on state-of-the art water reuse practices via our international knowledge network.
This publication is unique and original because it comprehensive overview of water reuse success stories including the drivers,
the technical challenges, the regulatory framework, the financial and economic aspects, as well as the political engagement,
public attitudes and stakeholders’ involvement.

The case studies are categorised and presented in eight parts:

Introductory Chapter: Milestones in Water Reuse: Main Challenges, Keys to Success and Trends of Development, An
Overview — this chapter provides a general overview of current water reuse drivers and practices and defines key
milestones in the development of best-in-class water reuse practices.

Part 1: Role of Water Reuse for Integrated Resource Management — six case studies describe innovative projects in
Australia, West Basin (California, USA), Singapore, Costa Brava (Spain), Cyprus and Tianjin (China).

Part 2: Urban Use of Recycled Water: five case studies present successful water reuse practices in Germany, Madrid (Spain),
Honolulu (Hawaii), Bora Bora (French Polynesia) and Australia.

Part 3: Urban Use: Decentralised Water Recycling Systems: three case studies illustrate the contribution of water reuse to the
decentralised urban water management cycles of Tokyo and in high-rise buildings in New York (USA) and Japan.

Part 4: Agricultural Use of Recycled Water: three case studies discuss the challenges of water reuse in agriculture in Milan
(Italy), Noirmoutier (France) and Australia.

Part 5: Industrial Use of Recycled Water: four studies provide useful information on the success of water recycling of treated
municipal effluent as cooling make-up water for power plant in San Luis Potosi (Mexico) and boiler make-up water for power
generation facility in California (USA), as well as for industrial wastewater recycling in Panipat (India) and Germany.
Part 6: Environmental and Recreational Use of Recycled Water: the benefits of environmental water reuse are demonstrated
by three case studies in Tokyo (Japan), Beijing (China) and Mexico City (Mexico).

Part 7: Increasing Drinking Water Supplies: five cornerstone projects are presented: two of aquifer recharge in Orange
County (California, USA) and Torreele (Belgium), two of replenishment of surface reservoirs in Virginia (USA) and
Queensland (Australia) and the unique direct potable reuse project in Windhoek (Namibia).
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We hope that this book will provide water professionals and the public at large — policy makers, elected officials, managers,
engineers, planners, operators, recycled water users and community groups — a comprehensive reference with key information
that allows to gain a thorough understanding of the best water reuse practices worldwide and will build confidence that recycled
water is a safe, economically viable, environmentally friendly product with high social value. We hope also that this publication
will motivate more students and young professionals to start working in this challenging field aiming to preserve the beauty of
our planet and ensure adequate water supplies for future generations.

Valentina Lazarova

Milestones in Water Reuse: The Best Success Stories
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Foreword

Water reclamation and reuse has been an important player in the advancement of water resources management all over the
world for more than three decades. Numerous projects and facilities operating in many parts of the world testify the success
of this water supply option in improving water resources availability and reliability. By putting together some of its most
successful cases, this volume is an emblematic testimony to the contribution that water reclamation and reuse has made to
improving water resources management across diverse social, economic and environmental conditions around the world.

The Editors and particularly the authors of each chapter deserve the warmest appreciation for their practical contributions on
how water reclamation and reuse concepts have been applied to solve water quality and water availability challenges.

SOME HISTORICAL NOTES

Numerous initiatives at the local, regional and international levels have contributed to the development of water reclamation
and reuse throughout the world. The IWA Specialist Group on Water Reuse (Water Reuse Specialist Group, WRSG)
has certainly been one of the most active at international level. Under the initiative of Professor Takashi Asano and many
other colleagues, the foundations of the WRSG were laid during the IWA biennial Conference in Rio de Janeiro, Brazil in
1986; the Specialist Group was inaugurated during the IWA biennial Conference in Brighton, UK in 1988. WRSG
chairs, secretaries, management committees and members at large have played a determining role in the advancement of
the group.

The water reclamation and reuse projects presented in this volume have evolved for the most part during the meetings
organized by the WRSG over the last 21 years, at a 2 to 3-year interval, since the first Wastewater Reclamation and Reuse
Symposium that took place in 1991 in Castell Platja d’ Aro, Girona, Spain to the most recent Water Reclamation and Reuse
Conference held in Barcelona, Spain, during September 2011. Those and many other worldwide success stories have been
instrumental in the advancement of this important water field, by bringing about the subtle perception change from
wastewater reuse to water reuse, and by expanding from the initial Symposium in 1991 with 35 oral presentations to the
most recent WRSG Conference in 2011 with 125 oral presentations.

CHANGING THEMES OF WATER RECLAMATION AND REUSE

Many things have changed in the water reclamation and reuse field during the last three decades all over the world, as reflected
by the success stories described in this volume. One of the most relevant is the recognition of reclaimed (recycled) water as an
essential component of integrated water resources management. Reclaimed water has become a new, additional, alternative,
reliable water supply source for numerous uses in the diverse environments. As many of the success stories in this volume
describe, water supply reliability appears as one of the most valuable feature of reclaimed water, particularly within the
prevailing context of “uncertainty” that characterizes all current climate models forecasts.

The water reuse frontier has expanded from agricultural and landscape irrigation and restricted urban uses, to
indirect potable reuse and even direct potable reuse at current time. Both traditional and innovative solutions are available
to respond to practically any new water demand that may be posed within an integrated water resources management model.

Agricultural and landscape irrigation has expanded from earlier restricted uses to totally unrestricted irrigation of food crops,
and particularly to new uses within the urban environment, both under public supervision and private user control.

Health protection, initially centred in microbial quality, has expanded to a wider and more comprehensive view of chemical
quality, particularly in association to the commonly known “emerging” contaminants.

Water reclamation technologies have been greatly improved and diversified, in parallel to advances in drinking water
research. Reclaimed water and reclamation technologies are being increasingly evaluated taking drinking water quality as a
reference, both in developing countries and particularly in developed/industrialized countries.

Success stories included in this volume illustrate the interest that reclaimed water raises among city planners and officials, as
an element of urban use development and a local water management option in urban settings, using centralized and
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decentralized options, providing single or diversified water qualities and uses, and offering always a local and effective
response to water shortages.

The success stories described in this volume clearly point out two real challenges: (1) the need to intensify our coverage
of “public perception and acceptance” as a frequent limiting factor of the implementation process and (2) the need to
recognize the great diversity of water reclamation and reuse solutions available, in contrast to the limited choices we had
30 years ago.

At the same time, the critical conditions brought about by severe droughts and local water scarcity have prompted
communities all over the world to turn to indirect and even direct potable reuse as the most reliable and immediate source
for water supply. The pressing conditions of “necessity”’, under no access to conventional water sources, together with the
availability of novel technologies, with proven technical and economical capacities, have brought about the “opportunity”
for adopting indirect and direct potable reuse schemes. Energy efficiency and greenhouse gas emissions control have also
been contributing factors in this new strategy.

IMPORTANCE OF PUBLIC INFORMATION AND PUBLIC
PARTICIPATION

Public information and public participation have become an essential component of water resources management, and in
particular of reclaimed water management. We still have to involve news media and all means of public communication as
our effective partners in those important social issues. Although great progress has been made in developing proactive
programs on health and environmental protection, we have to intensify and further develop the scope and reach of our programs.

The last 30 years have witnessed an impressive development of water reclamation and reuse options, as compared to the
limited conventional processes available in the 1990’s; the success stories in this volume include more sophisticated water
reclamation processes and more adaptable treatment lines than those available in the past. Reclamation processes have been
developed in close association to drinking water treatment processes, due to the similarity of their ultimate objectives: high
water quality, high reliability and high resources and energy efficiency.

Today, water reclamation projects offer a wide spectrum of solutions: from on-site to satellite to centralized facilities; from
natural processes to energy intensive processes; from solutions emphasizing basic sanitation to those producing drinking water
quality; from solutions addressed to traditional uses (e.g., irrigation) to others addressed to innovative uses, such as indirect and
direct potable reuse. Time has also brought about the need to consider additional relevant criteria, like adaptability, reliability,
energy efficiency, self-sufficiency, low greenhouse gas emission rates, and in summary, increased sustainability.

Milestones in Water Reuse: The Best Success Stories

RECLAIMED WATER QUALITY GUIDELINES AND STANDARDS

The success stories described in this volume portray different snap shots of an almost universal sequence, as it has been
developing in different parts of the world, each with a different starting point and a different rate of progress. Water reuse
has been mainly driven by necessity: water scarcity in some areas, serious multiple-year drought episodes in others, and
supply unreliability in many others. Reclaimed water users have generally been the main drivers for implementation, with
the assistance of water agencies and the support from agencies with less tradition in water reclamation and reuse.

The WRSG has a long history of proposals on the need to develop unified criteria and standards for reclaimed water quality.
However, limited progress has been actually achieved, due to differences in understanding of public health, economic,
management, and public opinion concerns. As the success stories in this volume present, future solutions to local, regional
and international water reclamation and reuse needs will fortunately have a large diversity of regional and national choices,
which will have to be selected in accordance with local conditions and international trade regulations.

After decades of intensive debates in most cases, comprehensive reclaimed water quality criteria have been adopted by some
countries, marking a turning point in the consideration of reclaimed water as an essential component of integrated management
of water resources. The subsequent development of professional associations for the promotion of water reuse has greatly
contributed to further advance the objectives and achievements of water agencies.

The Spanish case clearly illustrates this progress pattern. After more than two decades of intensive debates, comprehensive
reclaimed water quality criteria and standards were promulgated in 2007, including water rights allocation and reclaimed water
cost assignment procedures. The Spanish Association for Sustainable Water Reuse (ASERSA) was established in 2008 with
the objective of promoting and documenting water reclamation and reuse and of strengthening international cooperation, in
accordance with existing professional associations such as the WateReuse Association in the United States.
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SUMMARY

In summary, the main lesson emerging from the reclaimed water success stories presented in this volume is that water reuse is a
water resources management issue, strongly supported by the availability of efficient and reliable technologies, but requiring
political decision to implement it and adequate management strategies for handling the social, economic and environmental
issues involved.

Among the most currently pressing issues, those commonly emphasized are necessity for water reuse, public perception and
acceptance, safety and risks of reclaimed water, water rights and economic considerations of reclaimed water. Those success
stories clearly illustrate the progress achieved so far in all those areas and offer a practical source of inspiration for the

development of effective solutions to the future challenges that integrated management of water resources will be facing in
the near future all over the world.

Rafael Mujeriego
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Milestones in water reuse: main
challenges, keys to success and
trends of development. An overview

Valentina Lazarova and Takashi Asano

Water reuse is increasingly considered a quintessential component of sustainable and integrated water resources management.
This chapter provides a general overview of current water reuse drivers and practices and defines key milestones in the
development of best water reuse practices.

Why water reuse?

Water is life. It is of fundamental importance for human well-being, quality of life and socio-economic development, as well as
for healthy biosphere and ecosystems. Since the birth of humanity, all great civilizations viewed water as a symbol of life and
source of life itself.

The human civilization of the 21st century is changing the Earth in ways that threaten its ability to sustain on-going exponential
population growth and to maintain existence and survival of other species. A recent review in Nature (Barnosky et al. 2012)
demonstrates that, under the pressure of human activities, a planetary-scale critical transition is taking place leading to drastic
changes in the Earth’s biosphere, which have the potential to rapidly and irreversibly transform our planet. According to
Rockstrom et al. (2009), several planetary boundaries (defined as the safe operation-space preventing unacceptable
environmental change), have already been crossed for biodiversity, nutrient cycle and climate change.

While climate change, global warming, energy crisis and population explosion are widely discussed, the alarming extent of
water scarcity across the world is not sufficiently understood and taken into account when planning sustainable long-term water
supplies for urbanised centres. Water scarcity is not a synonym for water shortage, even though water deficit (shortage) is one
of its essential components. Water scarcity includes many other important components such as deterioration of quality of
natural water bodies, imbalance between water availability and demand, competition between sectors and even between
nations. Water quality degradation is often the major cause of water scarcity and loss of biodiversity, but its impact on
global scale has not yet been well assessed. Freshwater bodies have a limited capacity to process the ever increasing
pollutant charges from expanding urban, industrial and agricultural water uses. The adverse impact of anthropogenic
pollution on marine environment is also on the rise and it is creating dead zones in seas and oceans.

Water scarcity already affects all continents. Water use has been growing at over two times higher rate than population
growth in the last century and an increasing number of regions are chronically short of water. Around 1.2 billion people, or
almost one-fifth of the world’s population, lives in areas of physical scarcity, and over 500 million people are approaching
this situation (UN, 2007). Another 1.6 billion people, or almost one quarter of the world’s population, faces economic
water shortage due to lack funds to build and operate the necessary water supply infrastructure. By 2025, 1.8 billion people
will be living in countries or regions with absolute water scarcity, and two-thirds of the world population could be under
stress conditions. This situation would be exacerbated in the future as rapidly growing urban areas place heavy pressure on
neighbouring water resources.

The daunting problem of water scarcity can be illustrated clearly by the statistics on water availability. The image of our blue
planet over 75% which surface is covered with water gives the impression of a global habitat with renewable and inexhaustible
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water resources. However, the vast majority of the Earth’s water resources are saline, with only 2.5% being fresh water.
Approximately 70% of the fresh water available on the planet is frozen in the icecaps of Antarctica and Greenland leaving
the remaining 30% (equal to only 0.7% of total water resources worldwide) to be available for consumption (IPCC, 2007).
Only 0.001% (10,000 to 14,000 km3) of the planet’s total water resources are accessible and renewable freshwater
(Figure 1). While the volume of water withdrawn in year 2000 was 4430 km®, a significant increase in water demand of
5240 km” is forecasted by year 2025 (UNEP, 2008). Compared to this raising water demand, the total volume of recycled
water remains relatively low, about 11 km® in 2009 (30.3 Mm®/d according to GWI, 2009), which represents only 0.2—
0.3% of the total water demand and approximately 5% of the collected and treated wastewater worldwide.

Recycled water
11 km?/yr (Gwr, 2010)

5% of treated wastewater o
California: 0.9 km?/yr in 2009

Oceans & seas
97.5%
1,385,000,000 km?

Withdrawals
4,430 km’ (2000)
up to 5,000 in 2010

35,000,000 km?
-+ Glaciers 70 %
Groundwater 29.7 %
-+ Lakes & rivers 0.3 %

Fresh water available,
accessible, renewable
0.001 %

10,000 to 14,000 km?

Milestones in Water Reuse: The Best Success Stories

Source: UNESCO, 2003

Water statistics — total water demand and volume of recycled water.

The principal driver for water reuse is the increasing water demand caused mainly by rapid population growth and growing
consumption which results from improved quality of life and rising per capita income. As illustrated in Figure 2, of the total
water withdrawn each year, the volume for agricultural uses represents 70%, that for industry 22% and for municipal
consumption of drinking water of 8% only (Shiklomanov, 1999 cited by UNEP, 2008; WWAP, 2009). Approximately one
half of the water withdrawn is consumed, mainly in agriculture, while the remaining 50% is returned to water bodies.

/" Water Withdrawal and Distribution: 4000 km?®
{30% of the renewable and accessible freshwater)

Industry Municipal 8%
22%

Agriculture
70%

Consummed Water: 2000 km?
{evaporated, incorporated: 15% of the renewable
and accessible freshwater)

Industry Municipal 3%

+» =g

Agriculture 93% ‘

Breakdown by sectors of water withdrawal and water consumption.

The already severe water stress conditions in many regions of the world are expected to escalate as a probable consequence
of climate change impacts. As a result, climate change and increased climate variability are likely to be the second major driver
for water reuse. The most significant impacts of climate change on water resources are as follows (WWAP, 2012):

Longer and more severe dry seasons,

Widespread changes in the distribution of precipitation with more frequent drought and flooding events, leading to overall
long-term reduction in river flows and aquifer’s recharge rates,

Increased water use for irrigation,

Deterioration of the quality of all freshwater sources due to higher temperatures and diminishing flows.
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Figure 3 depicts a global map of water stress, expressed by the ratio of the volume of total water withdrawals and total
renewable water resources (water availability). This water stress indicator is a criticality important ratio, defined by experts:
high water stress is considered to occur when annual water demand is equal to or higher than 40% of the renewable water
resources. The map on Figure 3 also shows the regions characterised by another indicator of water stress: the
population-water equation — an area is experiencing water stress when annual water supplies drop below 1700 m® per
person. Finally, few examples of current vulnerabilities of freshwater resources in terms of quantity and quality are also
shown on this map, that is the regions in the United States and Canada affected by multi-year droughts; the Murray-Darling
basin in Australia with ecosystems damaged by decreasing river flows and polluted aquifers in India.

Damage to riparian
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Mexico City
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in 1998)

Damage to aquatic
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Water supply reduced by erosion
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Source: Alcamo et al. (2003); IPCC (2008, p. 9).

Water stress map with examples of vulnerable freshwater resources and their management (Source: WWAP,
2012).
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Sustainable water cycle management based on water recycling, energy and nutrient recovery, and efficient
environmental protection.
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In the context of increasing water stress and scarcity, the most difficult challenge for sustainable long term human habitat
planning will be to find creative ways to manage water resources. The conventional linear approach of water management must
be converted into an integrated management of systems for water, energy and nutrient recovery and recycling (Figure 4).
Adequate sanitation and wastewater management are crucial to human health protection and preservation of freshwater
quality and biodiversity. The high investment needed for management of the anthropogenic water cycle (dams; wells; water
transportation; treatment and supply; wastewater collection and treatment, etc.) would be easily repaid by the benefits from
the recovery of purified water, embodied energy and nutrients (Lazarova et al. 2012).

The long-term experience in water reuse — with recent great successes of new water reuse schemes and applications —
demonstrates that water recycling provides a unique and viable opportunity to augment traditional water supplies (Asano
et al. 2007; USEPA, 2012). As a multi-disciplined and important component of water resources management, water reuse can
help to close the loop between water supply and wastewater disposal. Effective water reuse requires integration of potable
water and reclaimed water supply functions. The successful development of this alternative drought-proof water resource
depends upon close coordination of water policies, infrastructure and facilities planning, water quality management and
wastewater treatment process selection and reliability.

Over the past three decades, several thousand successful water reuse projects with diverse applications around the world
have demonstrated that water recycling is a proven solution to water scarcity, which is an essential tool for mitigation of
the impacts of climate change on the diminishing available fresh water resources and is of extreme importance for the
protection of the planet’s biosphere and for the achievement of the Millennium Development Goals (USEPA, 2012).

The main objective of this book is to present 29 selected successful water reuse case studies and illustrate the keys factors to
success, the major benefits and the main challenges associated with the development and operation of water reuse
projects worldwide.

Milestones in Water Reuse: The Best Success Stories

At present, under the pressure of unprecedented increase in water scarcity and endangered Earth biosphere, the
water supply planning paradigm is evolving from reliance on traditional fresh water resources towards building
an environmentally sustainable diversified water portfolio where low-cost conventional water sources are
balanced with more costly but also more reliable and sustainable water supply alternatives, from which water
recycling appears to be the most valuable and a compelling solution for the future preservation of human life
and Earth’s natural habitats.

Water reuse terminology

The success and public acceptance of water reuse are greatly influenced by the terminology used for outreach to the
stakeholders involved in the comprehensive water planning process. For this reason, it is very important that the concepts
of water recycling are expressed in simple, understandable, plain English. In general, the term “water reuse” is used
synonymously with the terms “water recycling” and “water reclamation”. According to the Oxford English Dictionary (6th
Edition 2007), these terms are synonyms of “using again” with additional references for recycling to “return to a previous
stage of a cyclic process” or “convert waste into a usable form”. The public at large is widely engaged in recycling paper,
glass, metals, plastics and other waste and clearly understands what the word “recycling” means. For this reason, several
new water reuse regulations, such as the California Water Recycling Criteria (2000) for example, have adopted “water
recycling” as the most appropriate terminology which is readily accepted by the public at large. Once a water reuse project
is presented for review and approval to decision-makers and stakeholders, it is important to use the most suitable
terminology which helps them to understand that recycled water is produced by putting wastewater through a recycling
process to convert it back into usable water.

An important new concept in water reuse is the “fit-to-purpose” approach, which entails the production of recycled water of
quality that meets the needs of the end-users. When water reuse is implemented for different purposes, the most cost effective
solution is to use several tertiary treatment trains to produce “designed water” for each type of beneficial use. Advance of
wastewater treatment technology is enabling the production of high-quality recycled water equal to or even better in quality
than potable water. For this reason and in order to facilitate public acceptance, many new water reuse projects have
adopted new terms to describe reclaimed water such as “purified water”, “NEWater”, “‘eco-water”, and so on.

Water reclamation is the process of treating wastewater and recovering purified water of a quality which is suitable for
beneficial use (Table 1). Water reuse or water recycling is the utilization of this purified water for suitable applications. In
addition, water reuse frequently implies the existence of a pipe or other water conveyance facilities for delivering the
reclaimed or recycled water to the final users.
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Glossary of water reuse*.

Term Definition

Beneficial Use Use of water directly by people for their economic, social or environmental benefit.

Criteria Standards rules or tests on which a decision can be based.

Direct Reuse Use of recycled water delivered directly for beneficial reuse including into a water supply
system.

Environmental Buffer A water body or aquifer which lies between a recycled water discharge and a water supply
intake or extraction well. An environmental buffer will often provide additional natural
treatment.

Greywater Wastewater from bathing and washing facilities. Human wastes from toilets and food wastes
from the kitchen are excluded.

Guidelines Recommended or suggested standards, criteria, rules or procedures that are advisory,
voluntary and unenforceable.

Indirect Reuse Use of recycled water delivered into a river, reservoir or groundwater aquifer from which water
supply is drawn at a point downstream.

Non-Potable Use Use of water for purposes that do not require drinking water quality.

Potable Use Use of water for purposes that require drinking water quality.

Recycled Water Water recovered by treatment of wastewater, greywater or stormwater runoff to a quality
suitable for beneficial use. Synonym of reclaimed water.

Regulations Standards, criteria, rules or requirements that have been legally adopted and are enforceable
by government agencies.

Return Flow The return of recycled water flows back to the river from which the water supply was drawn.

Standard An enforceable rule, principle or measure established by a regulating authority for example
numerical water quality limits.

Wastewater Used water discharged from homes, businesses, industry or agriculture.

Water Reclamation The process of treating wastewater and recovering recycled water of a quality which is
suitable for beneficial use.

Water Recycling Use of recycled water for beneficial purposes.

Water Reuse Use of recycled water; using water multiple times for beneficial purposes.

*Adapted from Glossary of Water Reuse developed by the IWA Specialist Group on Water Reuse.

The foundation of water reuse is built upon three principles:

Providing reliable treatment of wastewater to meet strict water quality requirements for the intended reuse application,
Protecting public health,
Gaining public acceptance.

Whether water reuse is appropriate for a specific application and project depends upon careful economic considerations,
potential uses for recycled water, and the relative stringency of wastewater discharge requirements. Public policies can be
implemented that promote water conservation and reuse rather than the costly development of additional water resources
with considerable environmental expenditures. Through integrated water resources planning, the use of recycled water may
provide sufficient flexibility to allow a water agency to respond to short-term needs as well as to increase the reliability of
long-term water supplies (Asano, 2002; USEPA, 2004; Lazarova & Bahri, 2005; Asano et al. 2007; USEPA, 2012).

In the planning and implementation of water reuse, the intended water reuse applications govern the degree of wastewater
treatment required and the reliability of wastewater treatment processes and operation (WHO, 2006; USEPA, 2012). In
principle, wastewater or any marginal quality waters can be used for any purpose as long as adequate treatment is provided
to meet the water quality requirements for the intended use.

Just as important as the promotion of new planned water reuse projects, is the acknowledgment of the unplanned reuse of
water (Jimenez-Cisneros, 2009; Leverenz et al. 2011). This is necessary to: (a) reduce the fears of reusing water and (b) to
control undesirable effects, if applicable. Both activities are of interest to developed and developing countries, although for
the latter an alternative may be to combine sanitation and reuse goals.
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Water reuse applications

The main categories of municipal wastewater reuse applications, related issues and constrains, as well as the most important
lessons learned are shown in Table 2. The dominant applications for the use of recycled water include: agricultural
irrigation, landscape irrigation, industrial reuse and groundwater recharge. Among them, agricultural and landscape
irrigation are widely practiced throughout the world with well-established health protection guidelines and agronomic
practices (Lazarova & Bahri, 2005; Asano et al. 2007).

Agricultural irrigation was, is and will remain the largest recycled water consumer with recognised benefits and contribution
to food security. Urban water recycling, in particular landscape irrigation, is characterised by fast development and will play a
crucial role for the sustainability of cities in the future, including energy footprint reduction. Other relevant and cost efficient
applications are also emerging such as environmental enhancement, in-building recycling and industrial uses of reclaimed
urban wastewater.

Indirect potable reuse, in particular groundwater (aquifer) recharge, after complementary polishing and storage of recycled
water in an environmental buffer, has been implemented in many countries as an efficient response to the need to increase water
supply. Finally, direct potable reuse, practiced for over 40 years in Namibia, is emerging as a solution to the challenges which
some countries will face in the next 20 years (Tchobanoglous et al. 2011; Leverenz et al. 2011).

As water is used for various domestic, municipal, and industrial applications, its quality changes due to the introduction of
various constituents. A conceptual comparison of the extent to which water quality changes through municipal applications is
shown schematically on Figure 5. Even when polluted, wastewater contains more than 99.98% of pure water. Today,
technically proven water reclamation and purification technologies exist to produce pure water of almost any quality
desired including purified water of quality equal to or higher than drinking water.

Milestones in Water Reuse: The Best Success Stories

Worldwide advances in water reuse

Most of the significant developments in water reuse have occurred in arid regions of the world (Figure 6) including Australia,
China, Mediterranean countries, Middle East and the United States. For a number of countries where current fresh water
reserves are or will be at the point of depletion in the near future, recycled water would be the only significant low-cost
alternative resource for agricultural, industrial and urban non-potable water supplies. Even in temperate regions water
reuse is characterized by fast development, in particular for industrial purposes, environmental enhancement and
urban recycling.

Once the countries implementing water reuse are shown on a world map (Figure 7), it becomes clear that water reclamation
is a global trend (Jimenez & Asano, 2008). To better explain the role of water reuse for sustainable development and urban
water cycle management, this book presents 29 success stories which are selected from various countries and continents, as
well are related to various water reuse applications (see some of the case studies on Figure 7).

At a number of applications, highly treated reclaimed water has been blended with other drinking water sources. In
California, the Groundwater Replenishing System (GWRS) in Orange County is the world leader in groundwater
recharge using reclaimed water for indirect portable reuse. The health safety and economic feasibility aspects of aquifer
recharge with recycled water are demonstrated also in Europe by the project of Torreele, Belgium. The Upper Occoquan
Service Authority (UOSA) in Virginia, United States, is a pioneer in indirect potable reuse for replenishment of surface
reservoirs. Their long-term operational experience has clearly demonstrated that water quality can be improved by
water recycling. In Windhoek, Namibia, because of extreme dry conditions, direct potable reuse was implemented in
1968 and is successfully operated and upgraded, without any adverse health effects, as demonstrated by risk assessment
and epidemiological studies. More recently, in Singapore and Australia’s Western Corridor water reuse facilities,
recycled water has been implemented as a source of raw water to supplement dams and other water supply sources
for industries.

Urban growth impacts on infrastructure in developing countries are extremely pressing. In many cities of Asia, Africa, and
Latin America, engineered sewage collection systems and wastewater treatment facilities are non-existent or inadequate. For
developing countries, particularly in arid areas, wastewater is simply too valuable to waste, as shown by the two case studies in
Mexico (San Luis Potosi and Mexico City).

Water reuse will play a crucial role for the urban water cycle management, transforming the cities of the future at
water-saving and “leisure-paradise” settlements, as demonstrated in the case studies in China and Japan. For urban
applications, in-building water recycling and environmental enhancement are emerging as efficient solutions to reduce
water and energy footprints. Even paradisiac islands (for example Bora Bora and Honolulu) and tourist areas (e.g. Costa
Brava, Spain) need water reuse to maintain healthy ecosystems and happy visitors.
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Categories of municipal wastewater reuse applications and related issues or constrains.

Issues/
Category Potential application constraints Lessons learned
= Food crops, eaten raw, processed or Water quality impacts on soils, Good practices available to mitigate
5 _S cooked crops, and groundwater adverse health and agronomic impacts
T:; ‘g Pastures for milk production Runoff and aerosol control Storage design and irrigation technique
E, E Orchards, vineyards with or without Health concerns are important elements

contact with edible fruits

Fodder and industrial crops

Ornamental plant nurseries

Golf courses and landscape

Public parks, school yards, playgrounds,
private gardens

Roadway medians, roadside plantings,
greenbelts, cemeteries

Unrestricted or restricted

Landscape
irrigation

In-building recycling, Toilet flushing

o Landscaping (see irrigation)

|9 Air conditioning, Fire protection

8 2 Commercial car/trucks washing

s g Sgwer flushing .

Z S5 Driveway and tennis court washdown
Snow melting

~ o Recreational impoundments

= . )

T 0 o Environmental enhancement

= 0

5] Z :ch E (freshwater or seawater protection)

E S g g Wetlands or biodiversity restoration

29 B @ Fisheries

2 |22 i

58 |5 Artificial lakes and ponds

x Snowmaking

0 Cooling water

P Boiler feed water

o

E Process water

LUE) Heavy construction (dust control,

3 concrete curing, fill compaction,

= and clean-up)

B » Groundwater replenishment by means of

(O] ) . . .

2 :§ _@ infiltration basins or direct recharge by

25 > injection wells

% g < Barrier against brackish or

S 2 seawater intrusion (direct recharge)

o .

Q % e Ground subsidence control

TG 0 Q . .

= E Surface reservoir augmentation

E *; é Blending in public water supply reservoirs

before further water treatment

% Pipe-to-pipe blending of purified water

% and potable water

o3 Purified water is a source of drinking water
E} § supply blended with source water for
neo further water treatment

Farmers acceptance and
marketing of crops

Buffer zone requirements
Water quality impacts on
ornamental plants

Runoff and aerosol control
Health concerns

Public acceptance

Health concerns

Scaling, corrosion, fouling, and
biological growth
Cross-connection with potable
water

Pollution of receiving waters

Public health concerns
Eutrophication (algae growth)
due to nutrients

Toxicity to aquatic life

Scaling, corrosion, fouling, and
biological growth

Cooling tower aerosols
Blowdown disposal
Cross-connection with potable
water

Groundwater contamination
Toxicological effects of organic
chemicals

Salt and mineral build-up
Public acceptance

Health concerns
Public acceptance

Health concerns and issues of
unknown chemicals

Public acceptance
Economically attractive in
large scale reuse

Numerous reported benefits

Successful long-term experience
Good practices and on-line water quality
control can ensure health safety

Dual distribution systems require efficient
maintenance and cross-connection
control

No health problems reported even in the
case of cross-connections (for tertiary
disinfected reclaimed water)

Emerging applications with numerous
benefits for the cities of the future:
improving living environment, human
wellbeing, biodiversity, and so on
On-line water quality control can
ensure health safety

Water quality to be adapted to the specific
requirements of each industry/process
Request for high reliability of operation,
cost and energy efficiency

Successful practice since 1970s
Multiple barrier treatment ensures safe
potable water production

Efficient control by means of advanced
modelling tools

Successful practice since 1970s
Multiple barrier treatment ensures safe
potable water production

Improvement of water quality

Multiple barrier treatment ensures safe
potable water production

No health problems related to recycled
water in Namibia since 1968

Source: Adapted from Asano et al. 2007.
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4 Main categories
of water reuse

Industrial uses

Quality of Water

Wastewater

Time Sequence (no scale)

m Water quality changes during municipal uses of water in a time sequence (Adapted from Asano, 2002).

Milestones in Water Reuse: The Best Success Stories

o
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lashington
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2.2 Mm’kﬁ - Florida
California
5 Mm¥d L .
Mexico City
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1700-4000 3
& 1 4000-10,000 0.46 Mm?/d
® Agricultural irrigation “ Potable reuse & aquifer recharge 1 >10,000 Total Australia

No data

I Urban uses & golf courses ‘l Industrial uses

m A Global trend towards sustainable water reuse growth at all continents (Adapted from Lazarova et al. 2001;
Jimenez & Asano, 2008).

Sustainable economic development under the conditions of water scarcity is becoming possible by adopting the use of
recycled water, both for agricultural production (examples in Australia, France, Italy and Mexico) and industry (examples
in Germany, India, Mexico, Spain, the United States). Very often, water reuse is implemented for different purposes, with
the production of “designed water” for each type of use (examples of West Basin, California; San Luis Potosi, Mexico; and
Honolulu, Hawaii). In many cities (for example Beijing, Madrid, Tianjin, Tokyo) and countries (for example Australia,
Cyprus, Japan, Singapore, Spain, the United States), recycled water is now considered an important component of
integrated water resource management making possible to close or accelerate the urban water cycle and to preserve natural
water resources and biodiversity.

For example in California, the State Water Code clearly states that “It is the intention of the Legislature that the State
undertakes all possible steps to encourage development of water recycling facilities so that recycled water may be made
available to help meet the growing water requirements of the State”. As a result, water reuse which is legally called “water
recycling” in California has been growing steadily since 1970s as shown on Figure 8.
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Countries implementing water reuse according to Jimenez and Asano (2008) and some of the selected success
stories presented in this book.

700,000 669,000, | 863,400.000
San Diego Region i

525,000.2

740,000,000

LNV URLEETENY 616,700,000
> _ 493,300,000
= ' i BRI 370,000,000
200,001 75,000 184,00€ 246,600,000
100,00f - L 1123,300,000 ©

Annual use, ac -ft/yr
ubic meters per year, m3/yr

0 o 0 0
1970 1975 1987 2001 2009

Municipal recycled water use in California, 1970-2009: In 2009, a total of 825 million m®/yr (669,000 ac-ft/yr) of
recycled water was used (Source: California Department of Water Resources).

Advanced technologies such as membrane bioreactors, membrane filtration, advanced oxidation, and ultraviolet
disinfection are of key importance for the reliable production of high quality reclaimed water. According to a recent market
forecast (GWI, 2009), the trend towards an almost exponential increase in the volume of recycled water after tertiary
and/or advanced treatment, observed since the 2000s, would continue with a projected growth between 2012 and 2016 of
over 13% per year to reach 9,790,000 m?/d, a tripled volume as compared to 2009. For reference, the volume of secondary
effluents reused for agriculture will continue with an almost linear growth of about 6% per year. The countries with the
highest projected growth are China, USA, Spain, Mexico, Australia, Peru, India, Saudi Arabia, UAE and Algeria.

Milestones in water reuse for agriculture

The majority of water reuse projects worldwide are implemented for agricultural irrigation and are driven by increasing water
scarcity and ever increasing agricultural water demand. The need for alternative water resources has been accelerated over the
past few years by the worst droughts, which occur not only in traditionally arid areas in the United States, the Mediterranean
region, the Middle East and South Asia, but also in a number of temperate-climate states and countries in Europe and North
America. For example, according to a FAO study (FAO, 1999), the drought of 1999 in the Near East resulted in a relative
decline of food production of 51% and the economic impacts of the 2003 drought in Europe exceeded €13 billion. In this
context, water reuse is becoming more valued, and certain countries are already using a great part of their treated
wastewater for irrigation (Argentina, China, Cyprus, Egypt, Israel, Jordan, Kuwait, Libya, Mexico, Saudi Arabia, Spain,
Syria, Tunisia and United Arab Emirates).

The basic principle of beneficial water reuse in agriculture is that municipal wastewater may be used for all kinds of
irrigation applications as long as the water has been previously treated to appropriate level to meet specific water quality
requirements (Ayers & Westcot, 1985; Lazarova & Bahri, 2005). It is worth noting that besides the well-recognized
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benefits of water reuse, the use of recycled water for irrigation may have adverse impacts on public health and the environment,
depending on treatment level, local conditions and irrigation practices. In all cases, the existing scientific knowledge and
practical experience can be used to lower the risks associated with water reuse by implementation of sound planning and
effective management of irrigation practices with recycled water.

The milestones in development of safe water reuse practices for agricultural irrigation are illustrated on Figure 9. The
proposed three categories of water reuse projects are based on the advance in wastewater treatment and scientific
knowledge and include:

Irrigation of industrial crops, fodders and seed crops, orchards, forests, and so on, irrigated with secondary effluent often
after storage and polishing in open lagoons such as maturation ponds. Implementation of large projects in the Unites States
and Tunisia in the years 1960s, in Argentina in 1970s, in France and Spain in 1980s.

Irrigation of food crops (eaten cooked or processed) with tertiary effluents. In 1980s, two large projects in Florida (e.g.
Water Conserv II) and in Israel (Dan Region) have demonstrated the safety and benefits of water reuse by means of
extensive scientific studies.

Unrestricted irrigation of crops consumed raw with well treated and disinfected recycled water (tertiary filtered and
disinfected effluents or ultrafiltration-treated secondary effluents). Long term extensive research completed as a part of
the implementation of water reuse projects in California (Monterey) and Australia (Virginia pipeline) has demonstrated
the safety of recycled water and has convinced all stakeholders of the benefits of water reuse.

Water reuse in agriculture

Milestones in Water Reuse: The Best Success Stories

Milestones
1.Industrial crops & 2. Food crops EE> 3. Crops eaten raw
orchards (tertiary effluent) —3gqg) (tertiary effluent)
(secondary effluent) 7986 Monterey County, 2004
: California Sulaibiya,
b ki 120,000 m*/d|  |Kuwait, UF/RO

4,900 ha 375,000 m3*/d
74 km pipelines 1680 ha
Market crops Fooder (75%)
(artichokes, lettuce) potatoes, eggplants
—

34+79 km pipelines
Food crops: citrus
+rapid infiltration
basins

o ion study 1976
| 1970] 2090 © 2010 |
1958 Cherguia,Tunisia E’ Pilot plant study
Citrus&olive trees 1989
1966 Dan Region, Israel
310,000 m3/d 1999
Corn, soybeans 15,000 ha Virginia pipeline,

100 km pipelines
Food crops
(citrus, avocado)

1995 Australia N
Vitoria,Spain 120,000 m*/d
35,000m?/d| | 20000ha

10,000 ha 150 km pipelines
»

¢ Market crops
350 km pipelines i
ble crops (salad, broccoli)

Irvine Ranch,
California

Mendoza, Argentina
|Vineyards — L

Milestones in water reuse for agriculture with selected cornerstone projects (Source: Lazarova, 2011).

Many successful water reuse projects for agricultural irrigation have been developed worldwide. However, the projects
presented on Figure 9, and described in more detail in Table 3, are very important for the success of water recycling
because they are used as benchmark examples. The safe and beneficial implementation of water reuse schemes could be
better guaranteed by the development of appropriate codes of good agronomic and irrigation practices, which are as
important for farmers and operators as quality requirements for water reuse (Lazarova & Bahri, 2005).

The management of health risk in water reuse for agriculture includes several types of actions that can be classified in three
main groups:

Policy, regulations and institutional initiatives, including set-up of water quality criteria and their enforcement, crops
restriction, human exposure control and immunisation of field workers;

Engineering actions such as wastewater treatment and storage, adequate operation and water quality monitoring, control of
reclaimed water application, and in particular, the selection of irrigation method and technology;

Agronomic practices, including crops selection, control of the timing and frequency of irrigation, leaching and drainage,
crop’s harvesting measures, and so on.
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The major findings and lessons learned from the water reuse projects for unrestricted agricultural irrigation can be
summarised as follows:
Keys to success: subsidies, efficient and reliable treatment, extensive research, education and training

I Feedback from operations demonstrated that tertiary disinfected effluent can be safely used for irrigation of food crops,
including vegetables consumed raw

I Extensive scientific studies may be needed to demonstrate safety and benefits and gain farmers’ acceptance
Major challenges

1 Food safety and public perception are very important issues for farmers (influence of E. coli outbreaks such as the fresh
spinach issue in the USA in September 2006 resulting in a revenue loss of over $74 million and the “cucumber” crisis in
Europe in May 2011 resulting in a revenue loss for farmers of over €600 million)

I Agronomic aspects: salinity, sodicity and toxic ions management
I Storage capacity and O&M of irrigation networks (biofouling, bacterial recontamination or regrowth control)

Innovation

B New drip and subsurface irrigation techniques with high water efficiency and centralised control systems

I Development of salt collecting crops and alternative crops that use less water

Milestones in Water Reuse: The Best Success Stories

Milestones in urban water reuse

Water reuse in urban areas includes a wide variety of applications and schemes with a common characteristic that all these
purposes do not require potable water quality. The main categories of urban water reuse are as follows:

Landscape irrigation, which is the primary use and includes irrigation of public parks, sport fields, green belts, golf courses,
as well as private residential areas and gardens.

Other non-irrigation urban uses such as street cleaning, car washing, fire protection, air conditioning, toilet flushing and some
commercial applications.

In-building recycling which refers mostly to water recycling in high-rise buildings, including office buildings, commercial
malls and private residential buildings.

Environmental enhancement and recreational uses for replenishment of water bodies, lakes and urban streams including
those used for swimming (with or no body contact), leisure or fishing purposes.

As a rule, urban water reuse needs an adequate infrastructure, and in particular dual distribution (or reticulation) and
dual plumbing systems. Dual distribution and plumbing systems are relatively easy to install in new urban areas or
buildings with relatively low initial cost. Because of the high risk of direct contact with recycled water, the water reuse
requirements (total disinfection and on-line control), as well as the rules for cross-connection control are very stringent
(Asano et al. 2007).

Similarly to agricultural irrigation with recycled water, landscape irrigation includes applications of recycled water for
irrigation of restricted and unrestricted areas, the latter requiring the highest water quality. Agronomic water requirements
are also similar to those for agricultural irrigation and depend on crop’s sensitivity. As a rule, irrigation of ornamental
plants needs a careful analysis of agronomic water quality parameters, while turfgrasses, for majority of species, are very
tolerant to salinity and sodicity (Lazarova & Bahri, 2005). The components of landscape irrigation are, as a rule, more
sophisticated than for agricultural irrigation because of the use of water efficient irrigation techniques (sprinklers,
micro-sprinklers and drip irrigation) which may require additional filtration after storage, backflow prevention devices,
pressure control and automation (Asano ef al. 2007). Similar devices and efficient operation and cross-connection control
practices are required for dual distribution networks.

Relatively few cross connection incidents with backflow from recycled water systems have been reported with no reported
illness. The major causes of cross connections between recycled and potable water systems reported in Australia, United States
and United Kingdom are:

Illegal connection of private residences
Inadequate construction, records and pipe identification

Higher pressure in recycled water system
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Water recycling in urban areas including toilet flushing is becoming an acceptable practice, with confirmed operating
experience and recognised economic viability for the following applications:

At large municipal scale for toilet flushing and irrigation

In large office buildings (Japan, California-United States)

In large residential areas (Florida-United States, Australia)
Greywater recycling in residential buildings is under development, but is still at a stage of research and demonstration projects
(Canada, France, Germany, UK), very often in combination with rainwater recycling (France, Japan, Germany, UK). The
reliability of operation and economic viability of greywater recycling in small buildings and individual homes is not
yet demonstrated.

The main categories of urban water reuse are discussed in more detail in parts 2, 3 and 6. Because of the high contribution of
this type of reuse for the urban water cycle management and for the cities of the future, the major milestones in urban reuse are
classified not by application or technologies, but by the size and scheme of implementation (Figure 10):

Recycling in high-rise buildings.

Large-scale dual distribution systems.

New concepts for eco-cities with low water and energy footprint.

Urban water reuse and dual distribution systems

Milestones
1.In-building 2. Dual distribution 3. Eco-cities
recyclin systems ~2001] 2009|
1974 1976 Rouse Hill Pimpama
Tokyo, Japan Abu Dhabi, UAE Australi; Goomera,
90,000 m3/d 200,000 m3/d 3000 m3/d Australia
>600 reuse facilities 2 WWTPs 19,000 homes 12,000 m3/d
In-huilding 15,000 ha 34 k:'l1 pipelines 45,000 homes|
recycling Green areas Toilet flushing & 34 km pipes|
toilet flushing residential landscaping ASR, in-
4-75/m? forests & farm and out-door]
2 1980 2010 |
Pilot study of spra
irrigati:n 15571“ 1 977
Irvine Ranch,
1977 [California
St.Petersburg |5 -1 dictribution 2005-2014
Florida A Madrid Master Plan
N i Landscape irrigation, p
Dual distribution i Spain
g towers 3
golf courses, 70 Mm? fyr
parks (public areas) ; 1 9_87 1200 km pipelines
Since 1981 Toilet flushing 295 ha green areas
residential areas in commercial & industrial uses
80,000 m3/d buildings —_—
480 km pipes 97,000 m*/d

483 km pipes

Milestones in urban water reuse with selected cornerstone projects (Source: Lazarova, 2011).

The city of St. Petersburg in Florida has implemented one of the largest urban dual water systems of its kind in the world in
1977. Even though the initial objective was to avoid wastewater discharge in surface waters, the water recycling systems have
become an essential element of the urban water cycle management (Asano et al. 2007). The operational experience and R&D
studies contributed to the development of good practices for optimum watering and selection of ornamental plants, as well as
for the increase in cost efficiency by using a looped distribution network with pipes of small diameter.

New concepts of sustainable water management and eco-cities with reduced potable water demand by means of dual
distribution systems are under development in other countries, and in particular in Australia. On the basis of the operational
experience of the first large residential project in Rouse Hill in Sydney, a new project in Pimpama Goomera in Queensland
is aiming to cover 45% of the water demand of 45,000 residential homes using recycled water, lowering the drinking water
demand to about 16% of its baseline typical level.
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Other proven concept of integrated urban water cycle management, environmental restoration and water recycling
in-building are discussed in the subsequent chapters of this book.
The major findings and lessons learned from the projects of urban water reuse can be summarised as follows:

Keys to success:

I Governmental and regional incentives

I Consistent water quality and supply reliability

I Community education, communication and market assessment

Major challenges

1 Water quality: health safety (total disinfection), aesthetic parameters, others (nutrient, dissolved salts, etc.)

I Reliability of supply: interruptible in many cases (fire protection, toilet flushing, cooling) with backup water system and
storage capacity for irrigation purposes to meet peak demand

B Costs: very high cost of dual distribution (prohibitive for >15-25 km), dual plumbing viable for new buildings,
additional expenses cost for potable water when a substitution is needed

I O&M of dual systems: cross-connection control, management of leaks, corrosion, scaling and bacterial regrowth
Innovation

I Satellite, decentralized and semi-decentralised systems
B On-line water quality control

I AMR (automated meter reading)

Milestones in indirect and direct potable water reuse

The success story of potable water reuse started in early 1960s with water augmentation by means of groundwater (aquifer)
recharge in Montebello Forebay, California (1962) and direct potable reuse in Windhoek, Namibia (1968). The more than
43-year operational experience direct “pipe-to-pipe” reuse in Windhoek demonstrated the feasibility and lack of adverse
health effects of this practice (for more details, see Chapter 29). However, public opposition and concerns of unknown
micropollutants were the main constraints for the development of this water reuse practice.

The most common practices of planned indirect potable reuse include aquifer recharge and reservoir replenishment. Indirect
potable reuse occurs when some fraction of the raw water used for drinking purposes is of wastewater origin. Unplanned
indirect potable reuse is a common situation in which inherent water quality issues are not fully addressed because of the
divided responsibilities for wastewater discharge and downstream water supplies.

Because of health concerns, a “multiple barriers” treatment concept is applied in indirect potable reuse projects in order to
achieve degree of reliability higher than conventional wastewater treatment and reuse schemes. The feedback from operation
and research studies has demonstrated that health safety and high level of treatment and reliability of operation can be achieved
using adequate treatment, water quality control and good practices of managed aquifer recharge (Asano et al. 2007; Crook,
2010; Kazner et al. 2012).

The milestones in development of safe water reuse practices for indirect potable reuse are illustrated in Figure 11. The
proposed two categories are based on the advance in wastewater treatment with the technological breakthrough of
membrane filtration. Two subcategories, covering both aquifer recharge and reservoir replenishment are dissociated
according to the water quality requirement:

Surface spreading in aquifers and surface reservoir replenishment
Direct injection in aquifers, mostly as seawater intrusion barriers

In fact, the operational experience demonstrated that for all indirect water reuse applications, the advance in membrane
efficiency with decreasing cost favoured the implementation of advanced multi-barrier treatment schemes, including the
combination of micro- or ultrafiltration, reverse osmosis and advanced oxidation by high UV dose and hydrogen peroxide.

With exception of the oldest planned aquifer recharge project in Montebello Forebay (California), the other cornerstone
indirect potable reuse projects are described in detail in the following chapters. The significance and the lessons learned
from the aquifer recharge in the unconfined aquifer of Montebello Forebay in the eastern Los Angeles County are of
crucial importance for the success of this practice. In fact, the first experience, started in 1962 with the recharge of
spreading basins with disinfected secondary effluent from the Whittier Narrows Water Recycling Plant, which
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8 demonstrated the economic viability and health safety of this water reuse practice (Crook, 2004). The 5-year health effect
5 epidemiological and toxicological study (1978-1983) and a follow-up epidemiological study (1996-1999) did not
h demonstrate any measurable adverse effects on groundwater quality or the health of the population drinking this water.
B
u) -
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infiltration ponds | ——————— Lreplenishment

Milestones in indirect potable water reuse with selected cornerstone projects (Source: Lazarova, 2011).

The major findings and lessons learned from the projects of indirect potable reuse can be summarised as follows:

Keys to success:
I Pilots plant tests and selection of efficient and reliable treatment technologies based on multiple-barriers approach
I Government and stakeholder collaboration on adopting water reuse projects

I Continued demonstration of consistent water quality, independent water quality monitoring, on-line process and water
quality control and further water quality improvement over project life

1 Effective public outreach, community education, communication and use of positive terminology (e.g. “purified water”,
NEWater, “eco-water”)

I Governmental grant funding, subsidies, phasing of expansions and public-private partnerships

Major challenges

1 Public support and regulatory approval

I High capital and operation costs and very high monitoring costs for emerging micropollutants

I Increased emphasis on controlling pollution from urban runoff for both aquifers and surface reservoirs

I Management of the complex membrane facilities during extreme conditions such as low production rates or flooding
I Increased salinity and pollution of wastewater, in particular in coastal areas and aged wastewater treatment plants

Innovation

I New membrane development, including low fouling and low energy consumption, nano-membranes

I More efficient on-line water quality control devices

Milestones in industrial water reuse

One of the greatest potentials for water reuse is to supplement or replace the potable and/or freshwater demands of industries.
Industry is the second largest market for water supply after agriculture with around 25% of global world demand. Industrial
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reuse and internal recycling are becoming current practices in many countries and industries with increasing water demand,
closing loop cycles and zero liquid discharge as a long-term goal (see Chapter 18). The inter-sector water reuse, and in
particular, the use of recycled urban wastewater for industrial purposes is characterised by fast growth in many countries.
The potential for industrial reuse of treated municipal wastewater will increase in the future as raw potable water supplies
become more limited, the cost of potable water increases due to more stringent standards and the discharge regulations
become more stringent.

The major factors that influence the potential for industrial water reuse include availability of water, the industry’s discharge
requirements, water quality, volume, economics and reliability.

Although there is a wide range of industrial water uses, the major uses are:

Cooling system make-up water,
Boiler feedwater,

Process water,

Washdown water,

Miscellaneous uses, including site irrigation, fire protection, road cleaning, and so on.

The first three categories are of particular interest because they are high-volume and high-quality applications with excellent
prospects for using recycled municipal wastewater.
As a rule, the closing of industrial water cycle includes three strategies of water saving and wastewater minimisation:

Cascading reuse, involving direct reuse with no or little treatment;
Wastewater recycling after appropriate treatment;

Source reduction by decreasing the need of water of a given industrial process.

The water quality requirements and fields of application of water recycling in industry differ by type of industry, particular
industrial process, as well as their target performance. For this reason, it is not possible to generalise water quality
requirements for industrial process water. The greatest concern of the use of recycled water in cooling towers is the risk
posed by inhalation of pathogens entrained in the aerosols. Moreover, corrosion, scaling and biofouling problems of
equipment and distribution systems are a common issue. As a rule, for water to be suitable to be used as feedwater for
boiler or stream generators, it must be of a higher quality than water used for cooling purposes (Asano et al. 2007). The
quality requirements increase as operating pressure and temperature increase. The control or removal of hardness is
required. Insoluble salts of calcium and magnesium are the main contributors to scale formation in boilers and are removed
by processes such as ion exchange and reverse osmosis.

Successful water reuse practices are implemented in petroleum industry, oil refineries, thermoelectric power generation
plants, pulp and paper facilities, textile industry and even microprocesors, electronic and food industries. Several case
studies are presented in detail in part 4.

The milestones in industrial water reuse can be categorised in two groups, similarly to indirect potable reuse (see
Figure 10) with the cornerstone being the implementation of membrane technologies, and in particular reverse osmosis.
The West Basin Municipal Water District in California is a pioneer in the production of “designer” recycled water from
municipal wastewater, from which three qualities are produced for industrial purposes (see Chapter 2). Since the first
start-up in 1995 at this plant of the combined MF/RO treatment of municipal wastewater, the long-term operational
experience has demonstrated that recycled water provides a reliable source of water for industry when potable water
supply is uncertain, and this at lower cost. Several other similar recycling facilities are constructed in Singapore (see
Chapter 3), Mexico (Chapter 15), India (Chapter 16), Northern California (Chapter 17) and Hawaii (Chapter 9). The
German experience in industrial water recycling (Chapter 18) has demonstrated that there are technical possibilities for
water recycling for almost any application. Key factors to the success of industrial water recycling are treatment
efficiency and reliability, as well as technical and economic feasibility. As a result, water recycling schemes enabled to
reduce wastewater volume by 78-92% in textile, paper and food and beverage industries.

The major findings and lessons learned from the projects of industrial reuse can be summarised as follows:

Keys to success:

1 Consistent water quality, efficient water quality control and reliable uninterrupted water supply

I Implementation of proven advanced technologies, in particular membrane bioreactors, membrane filtration (micro- and
ultrafiltration, reverse osmosis), ozonation
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I Availability of funding, economic success of the clients/investors
B Cost efficiency and heat, energy and resource recovery

I Availability of an adjacent municipal wastewater plant to avoid extensive and expensive reclaimed water
distribution network

Major challenges

I Fluctuations of raw water quality and quantity

I Control of water quality, in particular salinity, silica and hardness
1 Zero liquid discharge target in long-term

I Disposal and treatment of RO brines and other concentrates
Innovation

I New treatment technologies such as advanced oxidation, more efficient membranes systems, on-line water quality and
treatment process control

Challenges for expanding water reuse

As demonstrated by the milestones in water reuse development worldwide, with many regions or communities approaching the
limits of their available water supplies, wastewater reclamation has become an attractive option for conserving and extending
available water supplies by potentially:

Milestones in Water Reuse: The Best Success Stories

Using recycled water for applications that do not require high-quality drinking water,

Augmenting water sources and providing an alternative source of supply to assist in meeting both present and future water
needs,

Protecting aquatic ecosystems by decreasing the diversion of freshwater, reducing the quantity of nutrients and other toxic
contaminants entering waterways,

Reducing the need for water control structures such as dams and reservoirs,

Complying with environmental regulations by better managing water consumption and wastewater discharges.

Producing reclaimed water of a specified quality to fulfil multiple water use objectives is now a reality due to the
progressive evolution of water reclamation technologies, regulations, and environmental and health risk protection.
However, the ultimate decision to promote water reuse is dependent on economic, regulatory, public policy, and, more
importantly, public acceptance factors reflecting the water demand, safety, and need for reliable water supply in local
conditions.

Important issues related to the expanding water reuse and some of the foreseeable impediments are summarized below
(Asano et al. 2007; Lazarova, 2011):

Economic and financial issues

Securing economic viability is an important challenge for the majority of water reuse projects. Unfortunately, water reuse is
suffering from the competition with undervalued and/or subsidized conventional water resources. Full-cost recovery is a
desirable objective but depends on ability to pay. The cost-benefit analysis of water reuse projects must include other
management objectives and socio-environmental criteria, based on a holistic approach and catchment scale.

While water reclamation and reuse is a sustainable approach and can be cost-effective in the long run, the additional
treatment of wastewater beyond secondary treatment for reuse and the installation of reclaimed water distribution systems
can be costly compared to such water supply alternatives as imported water or groundwater. Similar to the development of
any other utilities, the implementation of wastewater facilities generally requires a substantial capital expenditure. In the
context of integrated water resources management of the region, government grants or subsidies may be required to
implement water reuse. Unfortunately, institutional barriers, as well as varying agency/communities priorities, can make it
difficult to implement water reuse projects in some cases.

Several options exist to demonstrate the economic viability of water reuse:

Implement adequate pricing mechanisms: the price should be a function of delivering water of the required quality in a
reliable manner. The competition from undervalued and/or subsidized conventional water resources can be avoided by
“full-cost recovery” and “polluter-pays” principles, which must be the basis for establishing water rates.
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Take into account the entire (urban) water cycle and/or catchment area: recent estimation of cost of droughts, environmental
impacts of wastewater discharge and cost of replacing lost abstraction in UK demonstrated that water reuse could be a cost
competitive solution, even when high-purity recycled water is produced. This fact was confirmed by the cost evaluation of
one the most modern and complex advanced water recycling facility for ground water recharge in Orange County, California
(see Chapter 25), where the overall annual cost of purified water is 0.39 $/m?, which is equivalent to 60% of the cost of
imported water.

Need to move from supply-oriented to demand-oriented water supply market and water efficient urban cycle management, as
demonstrated in several projects where water reuse is a part of integrated resource management, such as the examples of
California, Australia, Singapore and the cities of Beijing and Tianjin in China.

Public and political support and communication

Independent of the type of reuse application and the country, the public’s knowledge and understanding of the safety and
suitability of recycled water is a key factor to the success of any water reuse programme. Consistent communication and
easy to understand messages need to be developed for the public and politicians explaining the benefits of water reuse for
the long term water security and sustainable urban water cycle management.

As demonstrated by all the success case studies presented in this book, the public’s awareness of sustainable water resources
management is essential; thus, planning should evolve through a community value-based decision-making model. Thus, water
reuse is placed within the broader context of water resources management and other options in the region to address water
supply and water quality problems. Community values and priorities are then identified to guide planning from the
beginning in the formulation and selection of alternative solutions.

To date the major emphasis of water reclamation and reuse has been on non-potable applications such as agricultural and
landscape irrigation, industrial cooling, and in-building applications such as toilet flushing in large commercial buildings.
Understandably, potable reuse raises more public concern. In any case, the value of water reuse is weighed within a context
of larger public issues. The water reuse implementation continues to be influenced by diverse debates such as drought and
availability of water, growth vs. no growth, urban sprawl, traffic noise and air pollution, perception of reclaimed water
safety, and public policy governing sustainable water resources management.

There are universal solutions available to convince the public at large and the project stakeholders regarding the safety and
relevance of water reuse. Clearly, the use of a clear and positive terminology and simple explanations on water quality,
treatment technology and water reuse benefits are necessary to build-up credibility and trust in water reuse. Existing
experience and lessons learned are very important to convince decision makers. Finally, the most important
recommendation is to inform and involve the public, politicians and all stakeholders from the beginning of any water reuse
project. The increasing media impact and the new communication tools via internet should also be taken into account.

Innovating technology, improving reliability and energy efficiency

The technical challenges facing water reuse are not yet completely resolved. In particular for industrial, urban and potable water
reuse applications, it is extremely important to improve performance, efficiency, reliability and cost-effectiveness of treatment
technologies. Water recycling facilities are facing tremendous challenges of high variations of raw water quality, peaks in
salinity due to salt intrusion in sewers, as well as variation in water quantity due to extreme conditions of lower water
demand, flooding or needs of alternative disposal of recycled water.

Energy efficiency, carbon and environmental footprints are becoming important issues (Lazarova et al. 2012). The
ambitious goals of sustainable development and achieving zero net carbon and pollution emission footprint call for a new
holistic approach to the management of the water cycle with an increased role for water reuse. With the further growth of
megacities and increasing efforts to optimise energy efficiency, water recycling is of growing interest and will take a
leading role in the future of sustainable water management. Decentralized or semi-centralized water distribution systems
are more efficient for future cities when water reuse is inevitably considered. Water supply can be tailored to match water
demand more closely in centralized water infrastructures, adapting water quality to the given use. With substituting fresh
water with appropriately treated recycled water, it is possible to save 30-50% of domestic water demand as demonstrated
by the experience of Australia (see Chapter 11).

The energy consumption of water reclamation is significantly lower than that of desalination, and represents only a fraction
of the energy intensities for water supply, treatment, and distribution. Nevertheless, energy extensive processes such as reverse
osmosis should be limited to high quality purposes whereas alternative solutions (e.g. coagulation/flocculation) might be more
energy efficient for irrigation purposes.
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More intensive water treatment has a higher environmental impact in terms of carbon footprint. For example the state of the
art advanced water reclamation based on high-tech, energy intensive technologies has a carbon footprint five times higher than
the conventional water reclamation processes. Although carbon footprint provides a valuable criterion to assess sustainability
of industrial products and processes, other environmental impact factors have to be taken into consideration for the assessment
of water reuse projects, such as fresh water depletion, reduced pollution, preservation of biodiversity and lower toxicity.

Public water supply from polluted water sources

Due to land use practices and the increasing proportion of treated wastewater discharged into receiving waters, freshwater
sources of drinking water are containing many of the same constituents of public health concern that are found in reclaimed
water. Much of the research that addresses direct and indirect potable water reuse is becoming equally relevant to
unplanned indirect potable reuse or de facto potable reuse that occurs naturally when drinking water supply is withdrawn
from polluted water sources. Because of the research interest and public concerns, emerging pathogens and trace organic
constituents including disinfection by-products, pharmaceutically active compounds, and personal care products have been
reported extensively. The ramifications of many of these constituents in trace quantity are, unfortunately, not well
understood with respect to long-term health effects.

Technological advances and opportunities for potable reuse

In the past, it has been standard practice that whenever additional sources of water supply are necessary but not readily
available, non-potable water reuse options have been explored using reclaimed water. However, most of the economically
viable non-potable reuse opportunities have been exploited. For example, the typical cost for parallel distribution of
tertiary-treated recycled water is 0.3 to 1.7 $/m> whereas the typical cost for highly-treated purified water, which could be
added directly to the distribution system, is 0.6 to 1.0 $/m’ (Tchobanoglous ef al. 2011).

While there has been a clear preference for non-potable and indirect potable reuse applications, a number of factors are
making it less feasible to further increase water reuse in these applications. It is inevitable that purified water will be used
as a source of potable water supply in the future. Direct potable reuse refers to the introduction of purified municipal
wastewater — after extensive advanced treatment beyond conventional secondary and tertiary treatment — directly into a
water distribution system after extensive monitoring to assure meeting the strict water quality requirements at all times (see
Chapter 29). This implies blending purified water with source water for further water treatment or even pipe-to-pipe
blending of purified water and potable water.

Direct potable reuse offers the opportunity to significantly reduce the distance at which reclaimed water would need to be
pumped and to significantly reduce the head against which it must be pumped, thereby reducing costs. The other significant
advantage of direct potable reuse is that it has the potential to allow for full reuse of available purified water in metropolitan
areas, using the existing water distribution infrastructure (Drewes & Khan, 2011; Tchobanoglous et al. 2011). Implementation
of direct potable reuse will require a confidence in, and reliance on, the applied technology to always produce water that is safe
and acceptable to consume.

Milestones in Water Reuse: The Best Success Stories

Towards sustainable water cycle management with water reuse

Each water drop is precious: so the use water again safely and for the right purpose is becoming a worldwide trend. The future
of our planet, our ecosystems and our children depends on our ability to shift the paradigm of water resource management by
the implementation of sustainable water cycle management.

The main objective of this book is to provide awareness on the tremendous challenges associated with securing reliable
water supply and environmental protection in the future worldwide, as well as to give an overview of the solutions and
benefits of well designed, integrated and “fit to purpose” water reuse practices. Twenty-nine case studies illustrate the
successful implementation of such a holistic approach to water management with water reuse, which represent sustainable
and drought-proof alternative water resources.

We hope this book will help you to better understand the challenges of water reuse and to learn more about the currently
available, economically viable and environmentally friendly solutions via water reuse.
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View of ornamental plant nurseries in California, irrigated with recycled water.

View of the New Goreangab Plant in Windhoek, Namibia.
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The role of water reuse in integrated
water management and cities of
the future

Foreword
By The Editors

Traditionally, many cities have relied on the nearest river for public water supplies. River flows are inherently variable and
prone to drought, so storage is required to maintain supply during dry periods. In many places, climate change is projected
to reduce river flows and groundwater recharge, thereby increasing the frequency and severity of droughts. At the same
time, demands are growing to meet the increasing urban water needs and the necessity for more food production.
New approaches are needed to bridge the gap between growing demands and declining supplies to reduce the risk of
supply failures.

Integrated water management and diversification of supplies

Many water authorities around the world are moving to an integrated water planning approach to maintain the balance between
demand and supply, and to reduce the risk of supply failures. Common elements of the integrated water planning approach
include water conservation measures to control the growth in demands, and the diversification of supplies to reduce supply
risks. Supply diversification often includes the development of non-traditional water sources including decentralised
supplies from rain water and stormwater, water reuse (treating used water and recycling it for use again) or desalination of
seawater or brackish groundwater.

Using water portfolios to manage risk

Water managers are increasingly building water portfolios to manage supply risks. The concept is similar to that of financial
portfolios. Financial managers create investment portfolios that combine high yield but risky investments (e.g. Stocks) with
low yield but low risk investments (e.g. bonds and fixed interest) to achieve an acceptable return on investment with a low
risk of financial losses. The water manager combines low cost but unreliable supplies (e.g. river supplies) with higher cost
but more reliable supplies (e.g. recycled water and desalination) to create a water supply portfolio which is not too costly
but is sufficiently reliable and has little risk of supply failure.

Integrated water management case studies

Part 1 of this book “Milestones in Water Reuse: The Best Success Stories” presents a number of case studies showing how
water managers have applied integrated water management approaches to meet the future water needs of cities.
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