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Abstract

The availability of fresh water supplies throughout the world has been getting scarcer
over the past several decades, leading to existing or impending water shortages in many
regions. In this context, water reuse has emerged as a genuine and reliable alternative

that can be used to supplement, and in some cases substitute traditional water sources.

The practice of water reclamation and reuse has developed tremendously in the last
century. With the rate of growth projected to increase even further, water reuse
schemes of larger size will have to be planned, addressing an ever expanding list of
technological, environmental, social and financial considerations. Therefore, decision
support systems (DSS) are acutely needed to assist the planners of future water reuse

schemes.

The DSS developed in this thesis and embodied in the WTRNet (Water Treatment for
Reuse with Network Distribution) software tool takes into account the interactions that
exist between the individual schemes components (treatment trains, distribution system
and end-users of reclaimed water) in evaluation and selection of most promising design
alternatives. Comprising of a simulation and optimisation components, the DSS
provides a user-friendly platform for evaluation and optimisation of integrated water

reuse schemes.

The numbers of potential design alternatives for schemes of different size are
determined, and are shown to be substantially reduced by using rules that determine
feasible treatment trains. Optimisation algorithms appropriate for schemes of different
size are developed and tested on case studies to verify the DSS, which includes a novel
and efficient linear programming methodology of least-cost sizing of reclaimed water

distribution systems.

The benefits of evaluation in the proposed manner are demonstrated by deriving optimal
water reuse schemes for the City of Waterloo, Ontario, Canada. The results of
application of WTRNet on the case study indicate that the selection of optimal treatment
alternatives based on different criteria has potentially significant effect on the cost of
optimal alternatives, and that the selection of end-users requires a structured approach
that takes into account factors other than their demand and location relative to the

source.




Acknowledgements

Many people contributed directly or indirectly in completing this thesis. | would first
like to express my gratitude to Professors Dragan Savi¢ and Godfrey Walters for the

opportunity to conduct this research, and for all their support and guidance.

This thesis would not have been possible without the generous support of my extended
family. | would especially like to express deepest gratitude to my wife Dijana Praskac
for supporting my decision to embark on attaining the PhD, and sacrifices made over
the course of the last three years.

The funding for majority of research presented in this thesis was provided by the
European Commission, through the AQUAREC project on "Integrated Concepts for
Reuse of Upgraded Wastewater" (EVK1-CT-2002-00130), and this financial assistance
is gratefully acknowledged. In addition, there are a number of project partners that
provided valuable guidance in this research and whom | would like to thank: Prof.
Thomas Melin, Thomas Wintgens and Rita Hochstrat (RWTH Aachen, Chemical
Engineering Department, Germany); Prof. Petr Hlavinek, Beata Janosova and Jiri Kubik
(Brno University of Technology, Institute of Municipal Water Management, Czech
Republic); Davide Bixio and Chris Thoeye (Aquafin NV — Water Body of Flanders,
Belgium); Prof. Jaap van der Graaf, Jaap de Koning, Viviane Miska and Aldo Ravazzini
(Technical University Delft, Department of Water Management, Netherlands); Prof.
Anastasios Karabelas and Stergios Yiantsios (Centre for Research and Technology,
Hellas, Chemical Process Engineering Research Institute, Greece); Haim Cikurel and

Avi Aharoni (Mekorot Water Company Ltd., Israel).

I am grateful to the examiners of this thesis, Prof. Suiging Liu and Dr Zoran Kapelan,
for reviewing the work presented in this thesis and their valuable comments. Finally, I
thank all my colleagues from the Centre for Water Systems for their assistance and
thought inspiring discussions, particularly Francesco di Pierro, Mark Morley and

Gianluca Dorini.




Table of Contents

ABSTRACT ettt be e 2

ACKNOWLEDGEMENTS ...ttt 3

TABLE OF CONTENTS ...ttt 4

LIST OF FIGURES ....oocovvorevvooesssiosssssssssssssssssssssssasssssssssssssss s sssss s asssssenns 8

LIST OF TABLES ... ..t sbe e anne e 11

LIST OF PUBLICATIONS.... ..ottt st 13

LIST OF SYMBOLS AND ABBREVIATIONS .........ccooomvvveiernerisensesssessessissneene 15

CHAPTER1 WATER RECLAMATION AND REUSE .........oooiiiiiiiine, 17

1.1 INTrOAUCTION ..t 17

1.1.1 Uses of Reclaimed WALE ...........ccooieieieiiiiiesiseses e 18

1.1.2 Evolution and Extent of Water REUSE ..........cccvereiiiireieineicees 20

1.1.3 Future of Water REUSE ........ccuivirieiiiirieiceseees e 24

1.1.4 The Need for DeCiSION SUPPOIT........couerrerierieriniiriesiseeie e 25

1.2 Research Objectives and Thesis OULIINE..........ccccceiriiiieieie e 28
CHAPTER 2 DECISION SUPPORT FOR PLANNING OF WATER REUSE

LT @ N =0 OO 32

2.1 INTrOTUCTION ..o 32

2.2 Wastewater TreatMmeNt .........cocvviiiiiiiiiiiiei s 32

2.2.1 Synthesis of Treatment TraiNS........cccevvvevvereiiiesieere e 33

2.2.2 Evaluation of Treatment TrainS........ccccooereiinenenineseene s 36

2.2.2.1 Review of Evaluation Criteria..........c.cccovvvvivrienenenenenenn 36

2.2.2.2  Selected Evaluation Criteria..........ccocerevvriereneienineecnienas 38

2.2.3 Optimisation of Treatment TraiNs ........cccccevveiierieerieeie e 44

2.3 Distribution of Reclaimed WaLer ..o 47

2.3.1 SYSIEM LAYOUL ..ot 48

2.3.2 Sizing of Pipes and PUMPS ........c.ccoeiieiiiieiece e 50

P I T (0] =10 (I 4 [ o OSSPSR 52

2.3.4 Changes in Reclaimed Water Quality ..........ccccooeiiiiniininiiniieeee, 54

2.4 Integrated APPrOACNES .......cceiiiiiiiieie et 57




Table of Contents

2.5 Summary and CONCIUSIONS.........ccueiiiiiiieiercie e 59

CHAPTER3  DSS EVALUATION METHODOLOGIES ......cocovvvvveerrerrreernnnns 62

3L INErOTUCTION ... 62

3.2 KNOWIEAQE BASE ....oocveeieciiecieee ettt 63

3.2.1 UNIE PrOCESSES. .....oiviieiiiiiireieie ittt 63

3211 EFFICIENCIES v 66

32,12 COSES ottt 68

3.2.1.3  Land ReqUIrEMENTS.......ccceevvieieieecie et 71

3.2.1.4  Labour REQUIrEMENTS .......coveeieieeie e esie e 71

3.2.1.5 Production of Sludge and Concentrates.............cccccererereene. 72

3.2.1.6  Energy ConSUMPLION ........ccceeriirieiieiieie e 74

3.2.1.7 Qualitative Criteria SCOIeS.........covvvevieiieeiieeiiee e see e 74

3.2.2 Treatment Train Synthesis RUIES...........ccoviiiiiiiiiee e 74

3.2.3 Distribution System COMPONENES.........cceveerierieiienieie e 81

3.3 Treatment Train PerformMance .........c.cooeoiiireiininineieeseee e 84

3.3.1 QuUANtitatiVe CrItEIIA .......ccvveeirieiie ettt 85

3.3.2 QUAITALIVE CIITEIIA ..veivvevieee ettt nneas 87

3.4 Distribution SYStem SIZING .....coveeiuiiieiieiiee e 88

3.4.1 Operational Policy and Storage Sizing........cccceveveivieiieresieieese e 89

3.4.2 Sizing of Pipes and PUMPS .......ccocveiieiieiieseee e 93

3.4.3 Sequential APProach........cccccooiiiiiiiiii 94

3.5 Summary and CONCIUSIONS..........ccoiiiriiiiiiieicse e e 96
CHAPTER4 METHODOLOGIES FOR OPTIMISATION OF

INTEGRATED WATER REUSE SYSTEMS ... 99

4.1 INETOTUCTION ...ttt 99

4.2 Number of Design AIErNAtIVES .........cccoiiriiiieiieiee e 100

4.3 Optimisation using ENUMEration ..........ccccccvevieiieieene e 103

4.4 Optimisation USING GAS......ccuiiieieeie e e eseesee e ete e steesae e e ae e e e nnes 105

4.4.1 GA BaSIC CONCEPLS......oiviriiriiriieiieiieieie sttt 105

4.4.2 Definition of Search Space and Feasible Alternatives ...........cc..c....... 108

4.5 SIMPIE GA. ..ot 109




Table of Contents

4.6 COMPIENENSIVE GA .. .ot 110
4.6.1 Coding of Design AItErNAtiVES ..........ceevrerieenienieseee e, 110
4.6.2 Generation of Initial PoOpulation ............cccccceeiieviiie i 112
4.6.3 CroSSOVEI OPEIALON ......uvieiiiieiiiiesiieesiee et eesnee e 113
4.6.4 MULALION OPEIALOL ....cveiviiiieiieieeesee ettt 115
4.6.5 Single-objective OptiMISAtioN ...........ccocviiriiiiinieiiee e, 117
4.6.6 Multi-objective SEleCtion .........ccccceviveii i, 119

4.7 Summary and CONCIUSIONS.........cccueiiiieiieic e 123

CHAPTERS5 DSS TESTING AND SENSITIVITY ANALYSES ..o 125

5.1 INTrOQUCTION ... 125
5.1.1 LONAON TESE CASE ....eveeeieiiieiesieeiee et 125
5.1.2 KYJOV TESE CASE....cccuieieirieiireiesiiesieesieseesaestesseessaessesseessaessesseesseesseens 127

5.2 TOSHING . .e.eitiiteitietee ettt bbb 129
5.2.1 Sequential Approach for Distribution System Sizing.............cc.ccvee.ee. 129
5.2.2 GA OPEIAOIS....ciiiiiiiiiiesiie ettt re e b 133

5.2.2.1  Initial POPUIALION ......ccveiiveiecieceee e 133
5.2.2.2  CroSSOVEr OPErator.........cccruieiirieiieieiiese e 135
5.2.2.3  Mutation OPErator .........ccceveerierienieniisie e 138

5.3 SeNSItIVILY ANAIYSES ......cciveiiiieiiesie et 139
5.3.1 NLP Model Parameters ..........ccoceoeiriiiininicesesreesesreeee s 139
5.3.2 GA Population Size and Operator Values...........ccccocevvreninineeennnn, 142
5.3.3 Objective Function Weights in Single-objective Optimisation.......... 146
5.3.4 Effluent Quality Tolerance in Multi-objective Optimisation ............. 148
5.3.5 Pollutant Removal Efficiency of Unit Processes........ccccccoeevvvervrnnnne. 150

5.4 Summary and CONCIUSIONS..........coiiiiiiiniiiire e 152

CHAPTER 6 CASE STUDY ..ot 156

6.1 INErOQUCTION ... 156

8.2 STUAY ATA....cuiiieiieeie ettt ettt te e are e sbe e ra e teeneennes 156

6.3 WTRNet Model of the Study Ara ........cccccvevviieieeiesie e 158

6.4 Analyses of Reuse Options using WTRNEL ..., 161
6.4.1 Least-CoSt OPtIMISALION .......cceeveiieiieie e 162




Table of Contents

6.4.2 Optimisation Using Three ODJeCtiVES ........cccocceviririniiniieieieneneeiens 163

6.4.2.1 Qualitative Criteria SCOre .........cocvvvvevieiieesiiecie e 163

6.4.2.2 Land REqUITEd ..........ccceeieiieii e 164

6.4.2.3  Sludge Production..........cccccerierviiieieese e seese e e 165

6.4.2.4  Energy ConSUMPLION ......ccccveieriiniienisieseseee e 166

6.4.2.5 Labour REQUITEM.......cccooviiiiiiieiie e 167

6.4.3 Selection of Treatment ProCESSES .........couirverieirienieesesieieee e 168

6.4.4 Selection Of ENG-USEIS ........cccoiiiiiciiiiciseeeese s 175

6.5 Summary and CONCIUSIONS..........cuoiieiiiiiieieie e 181
CHAPTER 7 SUMMARY AND CONCLUSIONS. ..o 184
7.1 TRESIS SUMMAIY ....eiiiiiiieiieeie ettt ettt be b neenneas 184

7.2 Conclusions and Recommendations for Further Research ............cc.ccceee.ne. 189
APPENDIX A UNIT PROCESSES DATA SHEETS. ..., 193
APPENDIX B DSS HYDROINFORMATICS FEATURES..........ccooiiieee, 238
APPENDIX C NLP MODEL SENSITIVITY ANALYSES RESULTS.............. 270
APPENDIX D CASE STUDY WTRNET MODEL INPUT ..o 275
BIBLIOGRAPHY ...ttt 279




List of Figures

Figure 2.1
Figure 2.2
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7

Wastewater Treatment Network Representation............c.ccocveeveveniennen. 35
Network Flow Representation of a Reservoir System ...........ccccceevenee. 54
Sludge Treatment and Disposal Options..........cccceevveveiiieveerie s, 73
Assembly Rules for an Electric Torch..........cccocoevoveviecieiicicccceee 78
Matrix of Treatment Train Assembly RUI€S...........cccocoviiiiiiiiieienn, 80
Treatment Train EValuation..........ccooviirieieiieice e 85
Network Representation of Multiperiod Multireservoir Sizing ........... 90
Specification of NLP Procedure Used inthe DSS ...........cccccvevviienenn, 91
Sequential Approach for Sizing of Distribution System...................... 96

Number of Integrated Water Reuse Scheme Design Alternatives ..... 102

Use of Alternative DSS Optimisation Methods ...........c.cccccevevieiennen, 103
Enumeration of Design AIternatives ...........ccccevvevevieeveeieseese e 104
Basic Flowchart of Genetic Algorithms..........ccccooviiiiiiiiciciee, 106
Illustration of Search Space Feasible Treatment Alternatives ........... 109
Chromosome Representation of Design Alternatives ..............c........ 111
Initial Population Generation Flowchart ..., 113
Crossover Operator FIowcChart ..o 115
Mutation Operator FIowchart ..., 117
NSGA-I11 Procedure for Generation of Child Populations ................. 122
Mogden STW ServiCed ATa.........cccooviiririeiierieneniesie s, 126
KYJOV TeSt CaSE OVEIVIEW. ......eceiiiieiiieiesiie st stee e neeas 128
London Test Case OVEIVIEW .........cccoceririeeeiierienie e siesiesiesseeeenee e, 129
Storage and Shortfall Volumes - London Test Case .........cccccevveneenne. 130
Costing Results — London Test Case.......cccocveeerverienieneenieseeseeeneeanns 132
Distributions of Test Treatment Train Lengths..........cccoovvveiiinnn, 133

Distributions of Lengths of Test Treatment Trains Meeting Criteria. 134




List of Figures

Figure 5.8

Figure 5.9
Figure 5.10
Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16
Figure 5.17
Figure 5.18
Figure 5.19
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4

Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure 6.11
Figure 6.12

Figure 6.13

Percent of Test Population Individuals with Different Number of

Potential Mating Categories ........c.coviieieereiiese e 136
Distribution of Mating Categories — Raw Sewage Inflow ................. 137
Distribution of Mating Categories — Primary Treated Inflow............ 137
Possible Unit Process Replacements using Mutation Operator ......... 139
Percent of Treatment Trains without Mutation Alternatives.............. 139

Sensitivity of NLP Optimisation on Unit Cost of Alternate Supply .. 141

Cumulative Distribution of Top Design Alternatives ..............ccocu.... 143
GA Parameter Testing Results — Success Rate .........cccccevvevevivenenne 144
GA Parameter Testing Results — Computational Effort..................... 145
GA Parameter Testing Results — Number of Generations.................. 146
Effluent Quality Tolerance Sensitivity Analyses Results .................. 150
Pollutant Removal Efficiency Sensitivity Analyses Results.............. 151
Study Area LOCATION........ciiiieieieiesic e 157

Potential Reclaimed Water End-users in the Waterloo Study Area... 159
Demand Satisfied — Lifecycle Cost Optimisation Results ................. 163

Demand Satisfied — Lifecycle Cost — Qualitative Criteria Score

Optimisation RESUILS .........cccviiiiieeccce e 164
Demand Satisfied — Lifecycle Cost — Land Optimisation Results...... 165
Demand Satisfied — Lifecycle Cost — Sludge Optimisation Results .. 166
Demand Satisfied — Lifecycle Cost - Energy Optimisation Results... 167

Demand Satisfied — Lifecycle Cost - Labour Optimisation Results... 168

Summary of Unit Processes Included in Optimal Schemes................ 170
Unit Processes Included in Optimal Upgrade Schemes..................... 175
Overall Inclusion of End-users in Optimal Treatment Schemes........ 176

Inclusion of End-users in Optimal Treatment Schemes as Function of
Their Distance from Water Reclamation Facility and Demand
SaAtISTACTION ....eecec e 178

Inclusion of End-users in Optimal Treatment Schemes as Function of
Their PER and Demand Satisfaction............cccccevveviviieviinnenie s, 180




List of Figures

Figure B.1
Figure B.2
Figure B.3
Figure B.4
Figure B.5
Figure B.6
Figure B.7
Figure B.8
Figure B.9
Figure B.10
Figure B.11
Figure B.12
Figure B.13
Figure B.14
Figure B.15
Figure B.16
Figure B.17
Figure B.18
Figure B.19
Figure B.20
Figure B.21
Figure B.22
Figure B.23
Figure B.24
Figure B.25
Figure C.1
Figure C.2
Figure C.3
Figure D.1

Overview of WTRNEt StrUCLUIE..........cooiviiieieieee e 240
WTRNet Main Control FOrm ..o 242
Import/Export Data FOrm .........cccooveiiiiiiic e 243
Project File FOIM .....ccoci e 244
Regional Data FOrm ... 245
Pollutant Details FOrmM ..., 246
Evaluation Criteria Details FOrm..........ccooiiiiiiiiiiiiieceece, 247
ENd-USEr TYPES FOIM ....ooiieieciiicieee e 248
Unit Process Details FOrm.........cooviiiiiiiicec e, 249
Treatment Train Assembly Rules FOrm ........cccoooeiinieinninienienen, 250
Sludge Treatment and Disposal Options FOrm .............cccccvevvevvenenne. 252
Treatment Train Selection — Expert Approach...........ccccocvvevvveinennenn. 253
Treatment Train Selection — Step-wise Approach..........ccccceeereenen. 254
Treatment Train Evaluation ReSUItS.............cooeiiiiiiiinccscee, 256
Distribution System Layout FOrM .........ccccceviverviieiiese e 257
Distribution System Nodes Summary FOrm.............ccocvvvviinineinennen, 259
NOdE Properties FOIM........cccoiiiiiiieiiee e 260
Distribution System Links Summary FOrm..........ccccocevviveieeineinennnn, 262
Link Properties FOMM.......c.oiiiiiee e 263
Detailed Treatment Trains RESUIS ..........ccvvviiiiiciiiciccee, 264
Saved Treatment TrainS SUMMAIY ........ccccevireereenieneeseenie e seee e 265
Distribution System ReSUILS ..........cccooveieiieiice e 266
COSE SUMMAIY ...ttt 267
Optimisation FOrm — ENUMEration............ccccceeeneieniniennsisieeeeees 268
Optimisation Form — Genetic Algorithm ..........cccoocevveiiiiiiin i 268
1,000 mé/day Treatment Capacity ..........ccccceevvevvereiiieieeie e 272
2,000 m3/day Treatment Capacity ........ccccveveeveervereeieseese e 273
3,000 m3¥/day Treatment CapacCity ..........ccoovevvererenereneseseseeeeeene 274
Map of the Distribution SyStem ...........cccovviieiiiin i, 276

10



List of Tables

Table 1.1
Table 1.2
Table 1.3
Table 1.4
Table 2.1
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 3.9
Table 3.10
Table 3.11
Table 3.12
Table 3.13
Table 3.14
Table 3.15
Table 3.16
Table 4.1
Table 4.2
Table 4.3
Table 5.1
Table 5.2
Table 5.3

Categories of Municipal Water REUSE............ccevvreereerrsiesieenee e, 20
Examples of Historic Development of Water Reuse............cccccceeeneen. 22
Largest Water Reclamation Markets...........cccccoevveveiieiieese e 25
Considerations for Wastewater Reuse Facilities Plan............c.cccceee. 26
Short List of Treatment Train Evaluation Criteria.........cc.ccocerverennen. 38
Unit Processes Included in the Knowledge Base............ccccooceeieneennenn. 64
Wastewater Parameters Included in the Knowledge Base ................... 66

Expressions Used for Calculation of Pollutant Removal Efficiency.... 68

Expressions Used for Calculation of Capital CoStS..........ccccevvvrennennn. 70
Expressions Used for Calculation of O&M COStS..........cccevveiienennnnnn 70
Expressions Used for Calculation of Land Requirements.................... 71
Expressions Used for Calculation of Labour Requirements................. 72
Expressions Used for Calculation of Sludge Produced........................ 72
Default Costs of Sludge Treatment and Disposal............cccccveveivennenne 73
Expressions Used for Calculation of Energy Consumption................. 74
StArting UNIt PrOCESSES......ciuieieieieiieniesie st 77
Storage Facilities COSt FaCLOrS ........covveiirieiiere e 82
Pipe Unit CoSt FACLOIS.......coiveieiiciieie e 82
Classification of Reclaimed Water ENd-USErs.........c.ccocevvvriiniinieniiennenn 83
Information on Potential Reclaimed Water End-users............cccccoe..... 84
Common Treatment Facility COSES........cccovviieriiieiiee e, 86
Number of Possible and Feasible Treatment Trains...........cccceeveneen. 101
Number of Practical Treatment TrainS.........cccooeveveninieninienieieen, 101
Objectives Considered in Multi-objective Optimisation.................... 120

Estimated Demands of Potential End-users in London Test Case...... 127
Demand of Potential End-users of Reclaimed Water in Kyjov.......... 128

Test Population Analyses Results for Primary Effluents................... 134




List of Tables

Table 5.4
Table 5.5
Table 5.6
Table 5.7
Table 6.1
Table 6.2
Table 6.3
Table 6.4

Table B.1
Table B.2
Table B.3
Table B.4
Table D.1
Table D.2

London Test Case Input Parameters for NLP Model Testing............. 140
GA Parameter Values TeSted ........ccccvvrrieiiiiniieesee e 143
Summary of Objective Function Weights Sensitivity Analyses ........ 148
Pollutant Concentrations in Treatment StePS .......cccocvvveveiiereeriennnnn 152
Estimated Constant Demands of Industrial End-users....................... 159

Estimated Variable Demands of Residential and Irrigation End-users160
Assumed Water Quality Requirements of Potential End-users.......... 161

Summary of Treatment Trains Included Most Frequently in Optimal

SCNBIMES ...t 173
Hydraulic Loading Parameters...........ccocvvvieieienenenc e, 241
Toolbar FUNCLIONALILY .......cceoiveiieiece e 244
Distribution System Layout Form Buttons Summary...........c.ccceue.e.. 258
WTRNEE NOUE TYPES ...t 258
Case Study NOTE Data.........ccceeerieerienieiieiesee e 277
Case Study LinKS Data ........cccvceeieeriiiieieese e 278

12



List of Publications

Joksimovic, D. and D.A. Savic. (2006). Cost Management and Optimisation. Chapter 3
in “Water Reuse System Management Manual - AQUAREC”, Edited by D. Bixio and
T. Wintgens, Office for Official Publications of the European Communities,

Luxembourg.

Joksimovic, D., D.A. Savic and G.A. Walters. (2006). An Integrated Approach to
Least-Cost Planning of Water Reuse Schemes. Water Science & Technology: Water
Supply, 6(5), pp 93-100.

Joksimovic, D., D.A. Savic, G.A. Walters, D. Bixio, K. Katsoufidou, S.G. Yiantsios, B.
Janosova, P. Hlavinek. (2006) Development and Validation of System Design
Principles for Water Reuse Systems, Proceedings of Integrated Concepts for Reuse of

Upgraded Wastewater, Barcelona, Spain.

Joksimovic, D., J. Kubik, P. Hlavinek, D.A. Savic, G.A. Walters. (2006). Development
of an Integrated Simulation Model for Treatment and Distribution of Reclaimed Water.
Desalination, 188, pp. 9-20.

Bixio, D., C. Thoeye, J. De Koning, D. Joksimovic, D. Savic, T. Wintgens, T. Melin.
(2006). Wastewater Reuse in Europe. Desalination, 187, pp. 89-101.

Joksimovic, D., J. Kubik, P. Hlavinek, D. Savic, G. Walters (2005) Development of an
Integrated Simulation Model for Treatment and Distribution of Reclaimed Water,
Integrated Concepts in Water Recycling, Proceedings of ICWR 2005 Conference, Khan,
S.J., Muston, M.H. and Schafer, A.l. (Eds.), Wollongong, Australia, pp. 343-354.
Joksimovic, D., J. Kubik, P. Hlavinek, D. Savic, G. Walters. (2005). Simulation Model
for Integrated Planning of Water Reuse Schemes. Proceedings of 20th Annual
WateReuse Symposium, Denver, USA.

Bixio, D., B. De heyder, H. Cikurel, M. Muston, V. Miska, D. Joksimovic, A.l.
Schéafer, A. Ravazzini, A. Aharoni, D. Savic and C. Thoeye. (2005). Municipal
wastewater reclamation: where do we stand? An overview of treatment technology and
management practice. Water Science and Technology: Water Supply, 5(1), pp 77-85.
Joksimovic, D., J. Kubik, P. Hlavinek, D. Savic, G. Walters. (2004). Development of a
Simulation Model for Water Reuse Systems. Proceedings of IWA 4th World Water
Congress and Exhibition, Marrakech, Morocco.

13



List of Publications

Bixio, D., B. De heyder, H. Cikurel, M. Muston, V. Miska, D. Joksimovic, A.l.
Schéfer, A. Ravazzini, A. Aharoni, D. Savic and C. Thoeye (2004). Municipal
Wastewater reclamation: where do we stand? An overview of treatment technology and
management practice. Proceedings of IWA 4™ World Water Congress and Exhibition,

Marrakech, Morocco.

14



List of Symbols and Abbreviations

AHP
ASPP
ASR
BODs
CAPDET

CBR
CRF
DAF
DP
DSS
EA

EM
EMO
GA
GIS
ILP

LP
LTWS
MCA
MCDM
MENA
MILP
MINLP
MPM
NFP
NLP

Analytical Hierarchy Process
Assembly Sequence Planning Problem
Aquifer Storage and Recovery
Biochemical Oxygen Demand (5-day)

Computer Assisted Procedure for the Design and Evaluation of

Wastewater Treatment Systems
Case Based Reasoning

Capital Recovery Factor
Dissolved Air Floatation

Dynamic programming

Decision support system
Evolutionary algorithm
Electro-mechanical (equipment)
Evolutionary Many-objective Optimisation
Genetic algorithm

Geographical Information System
Integer Linear Programming
Linear programming

Long Term Water Strategy
Multicriteria Decision Analysis
Multicriteria Decision Making
Middle East and North Africa
Mixed integer linear programming
Mixed integer non-linear programming
Multiplicative Penalty Method
Network Flow Programming

Network Linear Programming

15



List of Symbols and Abbreviations

NPV
NSGA-II
Oo&M
PE

RoW
SAT
STW

UP
USEPA
WHO
WTRNet
WWTP

Net Present Value

Fast Elitist Non-Dominated Sorting Genetic Algorithm
Operation and maintenance

Serviced area population equivalents

Region of Waterloo

Soil Aquifer Treatment

Sewage Treatment Works

Unit Process

United States Environmental Protection Agency
World Health Organisation

Water Treatment for Reuse and Network Distribution

Wastewater treatment plant

16



