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I Azt g 1= 2% 3%
T51.2-Real World Digital Twin | T 1.2- Real World Digital Twin | 1~ 116 Utility Responses and
. - o Adaptation to
Session 1 10:30 ~ 12:00 Applications, Applications, Climate Change Impacts
Zheng Yi Wu, Room 707 Zheng Yi Wu, Room 707 Reter Deire, Boim m 705
> lunch 12:00 ~ 13:30 lunch
TS 1.1 - How to go Digital as TS 1.20 - Sewer Overflow TS 4.8 Water Se;nsntlve
. X : e Management, Urban Design,
Session 2 13:30 ~ 15:00 Awater Utility, David N 4 Florian Ki h
Dragan Savic Reom 707 avid Nagy an orian Kretschmer,
! Pourmoayed,Room 709 Room 717A
break 15:00 ~ 15:30 break
TS 4.4 Advances in Rainfall and TS 2.32 - Pharmaceuticals In TS 4.4 Advances in Rainfall and
Session 3 15:30 ~ 17:00 Stormwater Management, Wastewater Stormwater Management,
Bu Lam, Room 717A Vanessa Maybruck, Room 7168 Bu Lam, Room 717A
=L 82 14Y (Wed)
‘ ' Noventa, Huber Interview TS 6.8 Water Resources
&TS 6.8 Water Resources Management Towards
- . Management Towards Sustainable Sustainable
. ' : USRIl 3 <cissaitary Development Goals(SDG): Water Development Goals(SDG):
Session 1 10:30 ~ 12:00 Adesola Adedugbe, . - -
Saving, Reuse and Alternative Water Saving,
Room 803B .
Sources, Reuse and Alternative Sources,
Ganbaata Khurelbaatar, Jenny Astrom,
Room701A Room 701A
lunch 12:00 ~ 13:30 lunch
TS3.13-
. . : Comcore Disinfection By-products o £3 BT
Session 2 13:30 ~ 15:00 Interview 2 Exhibition Marjolein Vanoppen, Interview £ Exhibition
Room 713
break 15:00 ~ 15:30 break
(B R 752,39 - Large WWTP
Session3 | 15:30~17:00 i . Operation, Interview £ Exhibition
Francisco Javier .
Kevin Waher, Room 715B
Fernandez, Room705
=L 88 15¢ (Thu)
TS 1.5 How to go _ . TS 6.6 - Integrated
Digital as a T2 Eréircgo}:/gﬁc'ency el Water Resources
Session 1 10:30 ~ 12:00 Water Utility - Session 2, . % Management and
Francisca Sousa Braga, .
Rosemary Campbell, Room 7188 Climate Change,
Room 703 Kay Moeller, Room 7158
lunch 12:00 ~ 13:30 lunch
L) 15:15 ~ 16:45 Closing Ceremony
ceremony
break 15:00 ~ 15:30 break
gala dinner | 15:30 ~17:00 Gala Dinner

8 CIXE A SMOITAIRIEt
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8¢ 13Y (Tue)

4= bx 62X 7= 8X
TS2.11 - Presentation. TS1.2- TS1.2-
) Enhancing Water Utility Data TS 2.11 Membrane Real World Digital Twin Real World Digital Twin
Membrane Reactors, ith licati licati
Bing Tang, Room 715A Management with Temetra Reactors App ications, App ications,
! (BF Room?2) Zheng Yi Wu, Room 707 Zheng Yi Wu, Room 707
lunch

TS1.1-
How to go Digital as
Awater Utility,
Dragan Savic, Room 707

TS 1.1 -How to go
Digital as Awater Utility,
Dragan Savic, Room 707

TS 2.14 Water
Reclamation Fornon -
Potable Reuse,
Melissa Meeker, Room 715A

TS 1.1 - How to go
Digital as Awater Utility,
Dragan Savic, Room 707

TS1.20-
Sewer Overflow
Management,
Jo Burgess, Room 709

break

inCTRL Interview &
Exhibition &

TS 6.10 - Circular
Economy Initiatives and
Approaches
Ka Leung Lam, Room 714

TS 3.15 Water Quality
Standards, Regulations and
Economics,
Markus Starkl, Room 713

TS 2.13 Water
Reclamation for non
Potable Reuse
(Technology),
Katsuki Kimura, Room 715A

TS 3.15 Water Quality
Standards,
Regulations and Economics,
Markus Starkl,
Room 713

TS 4.4
Advances in Rainfall and
Stormwater
Management,

Bu Lam, Room 717A

8% 142 (Wed)

TS 1.19 Experience of

TS 1.3 Digital Leak Detection, Hgtrgfogsa Ingg\s;:ei T‘;::Lbr:;?n Pipeline Asset Management,
Adesola Adedugbe, Mantech 7|¥QIE{S - .= ’ Joe Dalton, Room 703
& Government of Ontario al
Room 8038 Interview (11:15 ~ 12:00) i
' ‘ Grundfos HIZL|A 2
lunch

Sewerin Interview
&

TS 2.19 - Membrane
Applications in Wastewater
Management - Session 1
Glen Daigger, Room 803B

TS 1.7 Lessons From Utility
Operations,
Norbert Jardin, Room 707

TS 2.19 Membrane
Applicationsin Wastewater
Management -Session1,
Glen Daigger, Room 8038B

TS 2.18 - Microbial
electrochemistry & microalgae,
Juan Antonio Baeza,
Room 715B

Grundfos,
Adsinterview
Exhibition

break

TS 1.4 - Digital Maintenance
Approaches,
Francisco Javier Fernandez,
Room705

TS 1.4 - Digital Maintenance
Approaches,
Francisco Javier
Fernandez, Room705

TS2.20
Membrane Applications in
Wastewater Management

-Session2,
Martha Dagnew, Room 803B

TS 1.4 - Digital maintenance
approaches,
Francisco Javier Fernandez,
Room?705

TS 4.5 - Challenges in
Sewerageand Sewer
Management,
Annalaura Carducci,
Room 717A

82 15¢ (Thu)

TS 1.5 How to go
Digital as a
Water Utility - Session 2,
Rosemary Campbell,
Room 703

TS 1.5 How to go
Digital as a
Water Utility - Session 2,
Rosemary Campbell,
Room 703

TS 2.15 - Energy Efficiency and
Recovery,
Julian Sandino, Room 718B

TS 6.6 - Integrated
Water Resources Management
and Climate Change,

Kay Moeller, Room 715B

CI SN
Interview £ Exhibition &
TS 1.5 How to go Digital as a
Water Utility - Session 2,
Rosemary Campbell,
Room 703

lunch

Closing Ceremony

break

Gala Dinner




Session 1

10:30 ~ 12:00

Lunch

12:00 ~ 13:30

Session 2

88 122 (&)

13:30 ~ 15:00

Technical

Break

15:00 ~ 15:30

Session 3

15:30 ~ 17:00

Tour

8¢ 13 (&)

1.TS 1.2 Real World Digital
Twin Applications

(1,2,7,8%)

2.TS 1.16 Utlity

Responses and
Adaptation to Climate

Change Impacts

(€=

3.TS 2.11 Membrane
Reactors

=2

88 14Y ()

1.TS 1.3 Digital Leak

Detection
(1,4%)

Sources
(2,3%)

8%)

2.TS 6.8 Water Resources
Management Towards
Sustainable Development
Goals(SDG): Water Saving,
Reuse and Alternative

3.TS 1.19 Experience of
Pipeline Asset
Management

88 15Y (2)

1.TS 1.5 How to Go

Digital as a Water Utility -

Session2
(1,4,5,8%)

and Recovery
(2,6%)

Climate Change
3B.72)

2.TS 2.15 Energy Efficiency

3.TS 6.6 Integrated Water
Resources Management and

Lunch

1.TS1.1

How to go Digital as a
Water Utility
(1,4,5,7X)

2.TS1.20
Sewer Overflow
Management
(2, 8%)

3.T54.8

Water Sensitive
Urban Design

(BX)

4.752.14

Water Reclamation for non

- potable reuse

=)

3.T1S1.7
Lessons from Utility
Operations
(G

4.TS2.
Electrochemistry &

Microalgae

1.TS 3.13 Disinfection By-
products
2x)

2.TS 2.19 Membrane
Applications in Wastewater

Management - Session1
4, 6X)

closing ceremony

18 Microbial

=)

Break

1

.TS 4.4 Advances in
Rainfall and Stormwater

1.TS1.4

Management
(1,3,8%)

2.T52.32
Pharmaceuticals in
Wastewater
(2X) 3

3.7S6.10 Circular
Economy Initiatives and
Approaches

(4Z)

4.TS 3.15 Water Quality
Standards, Regulations and
Economy

(5,7%)

5.152.13
Water Reclamation for non-
potable reuse
6X)

Digital Maintenance

Approaches
(1,4,57%)

2.TS 2.39 Large WWTP

Operation
Qx)

.TS 2.20 Membrane
Applications in Wastewater
Management - Session2

(GE=S)

4.TS 4.5 Challenges in

Sewerage and Sewer
Management
(8X)

Gala Dinner
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REAL WORLD DIGITAL TWIN APPLICATIONS

Flexible Digital Twin Platform Supporting Water Utility Digital Transformation
- Zhangjiagang As Case Study, Michael Yu, Canada
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IWA World Water Congress & Exhibition 2024 m

11-15 August 2024 | Toronto — Canada

FLEXIBELE DIGITAL TWIN PLATFORM SUPPORTING

WATER UTILITY DIGITAL TRANSFORMAT (BN
THANG| IAGANGAS FASE ST DY
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ZHANGJIAGANG WATER DISTRIBUTION SYSTEM

= Northeast of Shanghai, along the Yangtze
River
* Service area: 777 km? (300 sg mi)
* Population: 1.43 million
= Users: 650,000
* Network: 6,300 km (3,915 mile)
= Three water treatment plants
+ No. 3 WTP: 200 MLD (53 MGD)
+ No. 4 WTP: 400 MLD (106 MGD, 2014)
+ No. 4 WTP Expansion: 200 MLD (53 MGD, 2021)
* Water Source: The Yangtze River
* The plan is to gradually decrease the supply
: from No. 3 WTP and increase from No. 4
I WTP and No. 4 WTP expansion.

ZHANGJIAGANG WATER DISTRIBUTION SYSTEM

e inlornalioal
waler assosiaiian

* MNortheast of Shanghai, along the Yangtze
- River
= Service area: 777 km? (300 sq mi)

= Population: 1.43 million
* Users: 650,000
= Network: 6,300 km (3,915 mile)
* Three water treatment plants

* No.3 WTP: 200 MLD {53 MGD)

* No.4 WTP: 400 MLD (106 MGD, 2014)

* Mo, 4 WTP Expansion: 200 MLD {53 MGD, 2021)
* Water Source: The Yangtze River
* The plan is to gradually decrease the supply
o P : =il from No. 3 WTP and increase from No. 4
— —AMoCanners= =110y~ WTP and No. 4 WTP expansion.

MNo 2N R Expansiar

MH|A A ;777 km”2

Q171 1 1,430,000H

AHEX}4= : 650,0008

HER3 : 6,300 km

37H9] 42| AlA : No. 3 WTP, No. 4 WTP, No. 4 WTP Expansion (WTP = watertreatment plant)

2 o YRy

0] A& No. 3 WTPLZEE2| 258 Xt £0|1 No. 4 WTP2} No. 4 WTP expansion@Z25E S7IA|7 = Z0|Ct.
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MONITORING %

Flow Monitoring at each WTP

(_‘ :_,'* -26-Pressure Monitoring Locatiofs | = |7 | A 4 Water Quality Monitoring Locations in the networlk
|

“Wiin. Presstre Requirement: 200 kPa Min. Free Chlorine Residual: 0.05 mg/L

Zt: 36719 2 ZELIEE XIHE, 2[4 ™ 27ARRE 200 kPa

Q1 47H0) % PUIE XJH, &4 92| B4 FH2:0.05 mg/L

DIGITAL JOURNEY

2018 : tirt2 HEZXAL, GIS AIA”
2022 - 7% 22, LE 2FS Aot ¥ AL BlYYE WS A=, ZUET H0|Ete] ST 2|11 +29 &

2026 1 2JAT Tiot A, MAZ 2 £H, M XAIS WD 2 H2t 3 7|8 MAS o

1H

o

I
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MIKE+ WD (EPANET)

MIKE+ Water DistributionS £ 24 AIABIS D261 2A{517] SIsh AHEIRAC Tl AILIPIOE AIBH0IH61 FHHel 2
HIE MEoll 2852 = S5 HelE fIRH /i AlE P2 MEAV 2T B R 28 ZXateh= Hl =35 =0

HYDRAULIC MODEL

= MIKE+ WD (EPANET)

= 200,000 pipes including all
pipes 75mm and larger
(600,000 in GIS)

75mm O|A9| BE IHO|EE I

r

o 9y
QEF: MA| £Q Q9| 10% =Lt 2 - 10%0[5t 1 7|1=
TH| =2 R 10%=CH 25 - 156%0[ot g 7|&
212] 1 20 KPAVIA 10 kPAZ @210] HOPHAE 2t2p7) 74 HISE RO
MODEL CALIBRATION oy
N ml
= Flow "é[ {
> 10% of total demand <10% 100% j——::
< 10% of total demand <158 1008 = Tﬂ-wwﬁ
= Pressure -« S —
C T ———
<20kPa All Pressure Gauges 1005 = \
<15kPa 80% of Pressure Gauges [29) 100% ‘:E |
CS :sgi_i_'.kf.-;- | pone Frossn= Ganges 1i2) || 5E0s 17) e == = =
—— e T ————

15
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DIGITAL TWIN PLATFORM CONSIDERATIONS  smamstens
= Map viewer optimized for smooth navigation of 200,000
pipes with essential system info and model results
* Model scenario manager with customized Ul for critical tasks
= Integrate with SCADA and other systems

= Flexible architecture allowing for easier scaling up and
deployment

= Compatible with other model platiorms

© EA AAY HE U DY HTHS T35101 200,00074 THOJIO| HE EM0) FXEHE # Hof
- B0 QIS Yt WA UIS 2E BY ALRIQ BaX}

* SCADA(Supervisory Control and Data Acquisition) : 25 M0 % HI0|H &S 20| AZEQ02t SIEYHE ZEote A1) =

A1 SHO| T2 M2t FHIE MUY =+ UEE ok AIAE

e kntesrmaiisnal
‘maint atspcialen

DASHBOARD WA

1 it T i 1 i - 2024-04-24 0939

e

A7\t

+ KPlIs : Key Performance Indicator, ai&&0tX|H

16 Cixig sie] SMQITMAIIL!
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* Water Age : 20| AFSE|7| H0i| 28 A|AZOIA A== AlZt

© B2 HREA
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MAIN INTEREACE 1WA

i
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MAIN INTERFACE - SERVICE AREA IWA
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e RESULT QUERY AND STATISTICS

-3 WEAE hImTe

. 3|A§13E|I1 Lo =t

=% |
®% Sem Cas - e 2 0.35 0.3 | 0
= -

i - S A S S S s Em
- =1 B E& BEAE sm= 2w,

=
R EmEe

' .

€S| CamScanners
b ‘Nodes with pressure >

......

T4 ez
. CLOSE-VALVE SEARCH IWA

- Tjo| ey

. G- Q|AE

0100000
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CONTAMINATION TRACING IWA

Aol met 2 F=2 54 7
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PLANNING 1WA
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PROJECT OUTCOME Sxtets
= 1. Optimal Operation = 2. Efficient O&M
Since the completion of the The system helps improve
system, the City has achieved 5% emergency response efficiency
reduction in power consumption at and human resources utilization.
pumps by adopting optimal The City has achieved 1000-hour
operation strategy. reduction in labor cost.

Z2NE Mat

=S

EOI-

K 013 AlS £% XHAS HE610] BT HANSY 5% B

njo
o

2. 2%X921 0&M (Operation & Maintenance, SX| 2= #2])

© O AAE2 BlY US 2290t 1N AHH HE8EE SgA7I= Bl =30] E. Al= 217i8| 1000412 2&s 298

ThE IDiErROlnER]
WEIEFRIENIIILEE

THANK YOU

= Yan Wang, DHI China, wya@dhigroup.com

= Michael Yu, Ph.D., DHI Canada, zhyu@dhigroup.com

WH E2 Y £7} 20| ohy

Yan Wang, DHI China, wya@dhigroup.com/Michael Yu, Ph.D., DHI Canada, zhyu@dhigroup.com
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Evergreen Digital Twin for As Paradigm Shift Smart Water Grid

Operation Management

Presenter : Zheng Yi Wu
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Evergreen Digital Twin for As Paradigm Shift Smart Water G

Operation Management

Zneng Y1 \Wu, Alvin Chew, Juen Ming Wong, Rony Kallarisi, Meng Xue, Fred Gao, Jocedyn Pok and Hsin-
Ting Su, Bentley Systems Incorporated

Kah Cheong Lal, Lennis Seow, Jia Jia Wang, PUB Singapare’s Mational Waler Agency @PUBM‘

Grid

Bentley

Ewsaiar

F=riey

Top Challenges for Water Utilities (AWWA 2018)

1. Aging infrastructure

2. Leaking pipes

3. Financing improvements

4. Understanding value of water

2. Sustaining long-term water supply
6. Water contamination
7
8
2]
1

. Retirement and talent attraction and retention

. Population fluctuation
. Implementation innovative technology
0. Resilience and emergency preparedness

T | WY S8 | 8 B Ry B, Bt

Singapore Water System Efficiency
I Distribution losses (%) 7.8

- N

22 ORI S SAQITHAIRIE



IWAWWCE 2024

Singapore Smart Water Grid (SWG)

SWG initlative
= ~450 sensor stations for monitoring

SWG challenges
= Interoperability
» SWG modeling and analyties
+ Job redesign for staff
= Public communication
= New SWG technalogy

« SWG itoring
Shatione™"
= Pressure, acoustics.
- %Ww’w

Benfiey

& | WWWIINTLIVCON | 3 55 ety S, oot

Project: Smart Water Grid Anomaly Detection and Localization

+ PUB and Bentley Systems collaboration

- l:gang_ed by]Slngapore National Research Foundation (PUB-

« Objectives
— Detect and localize anomaly events in near real-time.
— Pinpoint events in the field to improve operation efficlency.

+ High fidelity evergreen Digital Twin approach
— Data-driven analytics: stafistics, Al'ML-based predictive
models

- Phg'slns-hnsed model: hydraulle network model calibration
simulation

TR R R —

High Fidelity Evergreen Digital Twin
Digital Twin

C-

memnsnge Manual Data Aow
— AULOMITK D31 Flow

Digilal Shasdew

Buginess Values: ROl

Data in slies

Digital Twin Malurity Level (Gresnness)

B | FUSWSIATIETCEM | 8 00 ey S, Bt

A7HEE7} )28 JIE AE Olf= Smart
Water Grid O|LMEIE HE2QLIC. &7IEEE
103 0|4 MOil AIZfSH] 4507H O]4t9| ZLIE
d AHOME FAMOZ MR, 2t AH|0[M
OflA 43 HIOIE, S8 CIOIH, 042f 7tX| & o
O|HE F5ta UELICE 0] 2= HIOIEHE S
OS2 ANE 9 J2|=5 S0 gL,
J2u 85X B2 =H0j| &6 ASLIC

0|F & of7t R2|7F =50 siZoI LA} oh=
AOLE QJE J2|E S8 2 H0|8 ML
Rz AZEQH SHES HSolH, 0 F0f0]
M SO 2Ecl 2EULE Ol 2XIE o2
57| o 22l 2020 30l AVHEE 74
THHOZRE A5S A0t Z2HEES AR
FSUC 0] Z2HMEQ| =X DLA 245 510
EY Do} E51510] 2AAZIOR ZX|X AL
O[HIES EAlok= AYUC

Ol2{et 2H|E alf&ot’| ¥lo 2= Evergreen
Digital TwinO|2t= 2 LAl HEHTILICE Ol=
HIOlg 7|8t 0|5 BAS mélotl, LISt 7|&8
SEILICH A4, Bl 2, HIojH S8 & T
ot SHHS Alsl O] 2ME SHZRILICH I &
JHYE SlO|EY 2Y} B 02(3 2HIE s
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HolT EOIESOF BILICL 0[20] Evergreen
Digital Twin0|242 E2H= 0|RLICL

0| =dol7| Pl 2= HI0[H AAE HASHOF
ofH, 22 M| J12oliof UM 2= CIOIH

£ loT SAZL AZol0] 22ts RAGIEHA =
2| 2, HlOH 7|g &, oA EE XEH 2

2 PEBLICE 012 Sof Ciofst S8 T2 0

Evergreen Digital Twing X% 4= U&LICH.
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22| DRHEL Lo BX| U X3l 5HS
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10 U&LICEH Evergreen Digital Twing A2
Of AAJZt HIO|EIE ”Eﬁf@l s A=510
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LT O[HET} EeFLCE

HeSern 22U 28t
pLkel

£ Q0IUC}. O et A
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OXE 2 =S Sat ZE8LH.

Ultimate Outcomes: SWG High Fidelity (Evergreen) Digital Twin

Digital Threas

rh'm medls: Statstics, Machne Leamirg, Decp Learmng
Prysics-iased models: fydrasiic simulation & water gus -

(]
'
i
]
]
B
]
I
'
I
'
I
I
1
1
1
]
1
1

Win 2., Chewe A Xue M., Cal J. Pok J., Kalfarisi B Lal K.G., Hew: 8. F. Wang J.J. (2023,
T Waler Grid Anpmaty Detoction and Logaieaton”. Sustaimable Cifes and Sackely. Vol 91, Apil 2023, 104448,

Beniigg

SWG Digital Twin-based Anomaly Detection & Localization

Wu Y., Chew A Meng X Cai J.. Pak J, Kafaris! R.. Cheang LK., Hew B.F. and Wong JLL (Z022) Dista-Divven and Modsl Bases
memwlefmmwammw 1WA AGLA ~ Water infrasiruciune, Ecosyasems and Socety Vol 71
H-u-tuaﬁ.imﬂai.mwmmmﬁwumwmr :

B | ALY CIN | B I ey Nreiey e ﬁ

Automatic Deep-ML Training for Predictive Outlier Detection
* Data-driven ML mode! with data assimilation technigues (e.g. Kalman Filler)
» Train ML mode| and update model in near real-time
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Retrieve Near Real Time Data
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Detect Anomaly Events
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Conclusions

= Developed high-fidelity DT is generic and essential for SWG operation and
management
— Federate digital thread to break data silos for seamless integration

— Comprise of ever-green (ever-calibrated) hydraulic models and ever-trained/updated ML
prediction models.

— Facilitate applications including but not limited to anomaly detection & localization

. h-fidelity DT-enabled ALF as smart solution will have positive impact on
S G operation and management
= Cloud-based software Ancmaly Leak Finder {(ALF) running with live sensor data 24/7
— Change leak detection from syslemwide sweep-through practice to target area survey

— Timely alert on operational changes, low-qualily sensor data and unusual water
consumptions

Banliay
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Abstract: To sddress the challenges of climaie change and ever-groaier water siness. wilor unlives
barve increiingly sdopsod Serart Wit Grid (SWIG) b oomisre that water i delivored wiih good suadity
arel gy wan distuptions. PUR Singsgore™s Natsora] Wter Agency has mplenemcd S5WG far
many yesrs, However, b fully reliee the besefin of WL the challenges remsin o be adirased
akng the innovamion solutions. In this paper, Digital Twn (19T} approsch is presensed for
manimizing ibe SWG wwm o invessmen. A generic DT fmmewaork s developed o adiress. ihe
challempes of datn in silos. model imsdequacy. ond digisal thread weskness. The developed DT
approvch and sclution enable users 5 achicve adequabcly scowney Tor dgital represensrion of $WiEE in
mear real time, nmely svalled evergresn DT, The apphication sutcomes have been elabamed and
demonstrated that evergreen DT #s the paradigm shidt for cost-effectively managing SWG and bence
maxmazing SWG Retwm on Investmont

eywords: Digial trin, Jigital moeds, unan weter grid

INTRODUCTION

To effectively achicve resilient water supply services, implementation of a SWG is
imperative for water wiilities around the world. With hundreds of mondioring stions
installegd in the network for many years in Simgapore. Hence, the nation is well
positioned to achieve SWG with multiple operational benefits. including (1) real-time
maonitoring of asset condition for preventive mainienance; (2) real-rime pressure and
der quality monitoring 10 enhance planning and network operations and (3) real-
nime wiler picen infi ion 1o help o comserve wiler, However, the
challenges sacompass { 1) pood interoperability omong all data systems, (2) good dats
management with powerful analytics to extract wseful information. (3) redesign the
jobs for current employecs, both operational and in the field, o wilor wwards the
parpose of SWG, (4) good, imerwined communication with customers, and finully
(6} esting and adopling the new SWG technology for near real-ume deployment and
analysis. Therefore, o address the above-listed challenges, digital twin has since
emerged ox the integrated solution for SWG manngement and operation.

Evergreen Physics-Based Model

Physics-based model, such as hydroulic model for SWG, can be constructed and
calibrated with historical data and serves as the haseline for operational applications
However, the model must be updwied and recalibrated whenever the goodness .of-fit id
greater thon the wser-specified emor threshold, The mode] updating or recalibrotion
can be Facilitated hy applying the methods (Chew et al, 2021)

Application Outcomes

The evergreen DT approsch has been applicd 1o SWG anomaly detection and
localization. The truned data-driven models for onomaly event detection are
integroted with th draulic model simulation-based amomaly cvent localization
imcludiing bul ool ted 0 the detection of the hidden leaks. We fust calibrage o
haseline hydraul ulation model using hiswrical dsta of moniored Tow and
jpressures for o given SWG system, or water supply #one, that serves as the basis for
e resl-tione ancamaly localizationn. In near resl-ume context, e, dadly basis, when
no anomaly event is detecred, hydromlic simulation will be performed with
correspunding bowndary conditions such as the recorded service reservoir levels and
wther recorded inflows. The simulated flows and pressures are then compared with the
monitored data o estimate the goodness-of-fit between the simulabed and monitored
attribubes (Mow and pressuse). IF the goodness-of-fit ks less than the uwser’s specified
eriteria. the madel is recalibraled and isted for the subseguent apphcations of near
real-time anomaly localization and ather relaed SWG aperational management such
as water quality anabysis. Whenever nn anomaly event is detected. atest re-
culibrated meadel, as persisted in the SWO database, is adopled for llll:!l'ﬂlﬂj-‘ event
loscalization by employing the well-developed pressure dependemt leskoge detection
apprmach,

FINAL REMARKS

This paper ¢laborates the evergreen digital twin framewaork for SWO, The framework
]'rescenn a comprehensive overview of what the svergreen DT entuils and its key

Hl e andd e ak has been successiully
applied o SWG aneialy detection and lum]u.mluu The resilts obdained from e
pilot study rones indicatc positive potential in improve the cost efficicncy of SWG

aperstion mimagenen.
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SWG DIGITAL TWIN

By definition, SWG dignol twin s represented by o set of cyber-secured adapive
mEsdels that cmulsie the hydraulic and waler guality charscienistics of the physical
water distribaticn system via receiving and sssimilsting near renl-time manitoring
daga o calibrate or apdate ixell over s fife cyele, with capaciiy of aussmaric bi-
divectional exchange between digital and physical ns in data synehronteaion and
commumnicating the sctionable wisdoms for operation, asset management, system
design and planning. As shown in Figure 1, SWG digitnl twin is represented in digital
spices for various purposcs, including digial visualization (cg. 2D geospatial

informaticn systeis and 30 models), data-driven analvsis (conventional statistical
and modem machine learning models), physics-based simulations {hydmaulics and
water quality simuloticn models) and decision-support (optimization, rule-bascd
system, deep learning models ete.). The infosmstion denved from these models i 1o
diagnose the potemtial undesiroble behaviour, evaluate and predic
mproving

the SWO
performance over thme, and eveniually provide solutions oo the

managerment and operation of water distribution syslems.

Frrn 1 Dapto fre fior senaet waor gt (W o, 26330

Digital Models

Trodittonally. varous compuating technologies have been applied to develop compeiter
madels or digital models for differem imfrastructure sy stems incloding bt mor limited
w weaser infrastructure. In general, four types of digital models can be employed for
constructing o comprelwnsive WG dighal twin as follows,

= Digital visualization. A waoter infrasirociure system is comprised of many
different Focilities wnd sseets aboves wmd underground, incheding but nod lmived oo
water source facilities (dams, reservoir, wuer inuke etc ), water treatment plonts,
pramn stabions, service reservoir or waler lowers {elevalod anks ), masmission and
distribution networks. Digiinl representation of a compleie woler sysiem will
incheade 2D and'or 3D models of the physicol assets ond o process such o waler
e e

= Data-driven analyties. Effective dma analyties is the eritical component of a
digital rain. With data collecied by hundreds of sensors nstalled ab water
trestment warks and throughout water distribution networks, loge amount data

must be pnalysed efficiently. The dota-driven analytics, both conventional
=aatistical analysis methosds and stme-of-an moechine leaming methods, are applied
tor e bract wselul and sctionoble.

»  Physice-buced models. Physice-based models are very well developed Tor
simulation and analysis of water infrastmecture, These models, such as hydranlic
simulation and water quality anakysis models, cstahlish the backbone of ithe diginal
space for anal ysing differcnd sceianos of design, operation, and monagement of
virinus wiler infrastructire incloding service reservoirs, pump stations, wales
transmission and distribotion  petworks, Coupled  with  data-driven models,
physics-based models can be funher leveraged for digital madn-based decision-
support.

®  Decision-support. The goal of constrocting DTs s 1o tmprove the overall support
decision-inaking process. which is. in a broad context o leverage on e
informution derived from the digital space of dota.driven amalytics and physics
based stmulation. such that the informed and cost-effective solutions can be
generated for asset maintenance. incident mitigation, operation management and
enhancing customer satisfaction of waer service, A vardety of technigues,
including but not limiced w0 optimbzagon, mile-based knowledge mepreseatation
system, decision rees ele,, can be employed 1o develop decision-suppon model by
integrating data-driven analytics and physics-based simulation models.

Digital Thread
A digital thread serves as the critical link between a digiil iwin and physical
infrmsruciure. The objective is o create universal acoess 1o dala, a single source of
truth, for allowing various digital models 0 be constrocted  amd updated  will
contineoos, diverse, but intarmelated, monitoring snd inspection interrelated dits sets.
This form of data unificaion is & prereguisite o boild a e digial tain, Omn the other
hand, & digital theead is also uselul o ek, convey and disseminate information
and’or decisionis) acmoss an organi cation e aclions o be underiaken in the Aeld.
With well-cstablished dlgnnl threads, flexibilicy pnd ogility will be enhanced within
an organization by npl;ppmg employees aoross the value chain with the righ
i . Imegration of digital twins and digital threads will
comes for water infrsstructure in
general. Among the most imporant sieps, engineers, operaiors. and stake owners
shwould consider this new parsdigm approach Tor their organization and deiermane the
mponant use cases as starting points. Consegoently, digial inelligence can be
augmented via various digital models as backbone of digital twin

EVERGHREEN DIGITAL TWIN
To mainiain DT evergreen requires that all the digital models, especially data-driven

41|!: physics-hased models, aceurately reflect the system stus in near real Wme and sl
il Lirme

Evergreen Data-Driven Madel

The data-driven model is constructed for predictive modelling, mostly baced deep
ine learming te . awhich s inmeg with the dats sccimibinion method w

update the ML model with ‘the Intest available dais i cnsure the model capiure the

latest staus of the physical system. Thus, the dai-driven model can be maintained as

evergreen in real time or near real tme a8 tme rolling forwand.
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Using 24/7 Conmtinuously Monitoring Data in Water Distribution Networks.”
Journal of Water Resources Planning and Management
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1.1, (2023). "High Fidelity Digital Twin for Smant Water Grid Anomaly Detection
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Real world digital twin applications
Creating Value With Digital Twins: Case Studies And Real World Examples, Diana Tao
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Real world digital twin applications

An Online Receiving Environment Digital Twin Supporting Whole Of Catchment Planning

Presenter : M. Huiben
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CONTEXT

= Urban Utilities operates Sewage
Treatment Plants (STPs) discharging
effluents in the Brisbane River and
Moreton Bay

= Pollution also comes from Brisbane
River catchment, especially during
wet weather events

= Long-term programs and reports
menitor the evolution of water quality
indicators in the Receiving
Environment
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= Urban Utilities operates Sewage
Treatment Plants (STPs) discharging
effluents in the Brisbane River and
Moreton Bay

= Pollution also comes from Brisbane
River catchment, especially during
wet weather events

= Long-term programs and reports
monitor the evolution of water quality
indicators in the Receiving
Environment
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Urban Utilities2| <gt
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ADOPTION OF EFFECT BASED PLANNING !.m

WEVRI ARRRCIENEN
= Helps protecting ecosystem health
for current and future generations Traditional asset planning Integrated asset planning
through excellence in water cycle
management e
Performance of individual Overall impacton the
= Strengthen relationship with local et feceline crvitormen;
communities and regulators to

deliver better environmental and RO e el Evidence based
social outcomes contribution
= Communicate effectively internally T
it i 3} - o olistic planning
and externally on interactions with Indivichils mcset CAREX approach [
aquatic ecosystem to justify

required investments

24 7|4t AIE o= 0| Met
"Urban Utilities"= FSX0I XAt 22| BHAOIM EHO{LE "§1} 7|8t A &l(effect-based planning)' @2 F&kotd QICt. 0= 7 XAt
=]

o
Off TSt w21 71519 H &4 i, TA| 280 OIX|= F&ks 1eiolo] 2182t Al2ls MPs L-oltt

CIX|E EY A|ARIC| £ EEIO|H A|ARIS| TOH

- 2tE g M H Olotioh| flofi HIXIE E& AIABS THLMCE
+ 7129 7| BHHY T2 32 SEE ARUS MSCU, Of A|IAE2 of X2 Al2o| Y Fets JAlo] Tefot, A=l BA|
oM Tt ALE|RE HIAES & QU= =72 HA UL

CIXI E2 NARS| X

« O| X2 EAARZ ¢ 7|8t ZE2, D3 ol Bl 21 AlZfs} 7|5S Zafofal A
© AEAE E QIEHOIAS Solf AU FOlotil dlioHH, 1 ZutE Tiefot YA AlZfatet 4= ULt
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RECEIVING ENVIRONMENT DIGITAL TWIN WA
KEY DRIVERS

= Develop a system supporting Urban
Utilities “Effect-Based Approach” for
infrastructure management

= Need to improve the understanding
of Urban Utilities" own footprint on
the receiving environment

= High-level in-house options
assessments and evaluation of their
associated effect on the estuary,
before detailed assessment and
optimisation

RECEIVING ENVIRONMENT DIGITAL TWIN %

| mawe

RECEIVING ENVIRONMENT DIGITAL TWIN
PRINCIPLES e

= Provides access to modelling
capabilities of the receiving
environment through a web-
interface

= Various modules target different
FRacaivi
water management and Em.-iro:n::m
environmental challenges IR

= Simulates receiving environment
water quality (WQ) changes
associated with various planning
scenarios in an “average rainfall
year”
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NUMERICAL MODELS

RECEIVING ENVIRONMENT DIGITAL TWIN

e Inlarmatisanl
WY pEaacianien

= Numerical models:
- Catchmenl model: eWater Source

- Receiving Environment model:
MIKE HD, AD, ECO Lab, PT

= Comprehensive integration of

catchment sources, industrial
discharges and STP outfalls.

| 4
GLALCLIE X TR T

Ir‘

i
= STP outfalls and rainwater runoffs i~
are split into baseflow and L

overflow discharges

e

S St LSS FES

L T B

I

o

&
&

1f

T T ot |

![ngnmmum»!l
213

TIAE MisAL

O AARIS HlALZ ML= 2RSS F= DHIC Mike suite Z2E 7|8C 2 5HH, RS

71 80f 8=

flo B2 ATEQNE Aot +& ! &F 22 S +ok= 20| thgh X0

I

RECEIVING ENVIRONMENT DIGITAL TWIN
FRAMEWORK

= Step-by-step definition of custom
scenarios based on model
templates through the web
interface
Selection of the event

Addition of effluent sources in the
Receiving Environment

Modification of existing sources
(baseflow and/or overflows)

= Execution of the user-defined
scenarios

= Visualisation of the results

-
=
-
-
=
a
-
=
-

tot, H7I¢te] 32=

35



B MM F2 U
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Receiving Environment Model (+& &4 22) : 222 R 220 HSE AIAE HI0|EE Ol £ X2 &30 0Ixl=
o
[}

+ DHI's Mike Modeling Suite : DHI (Danish Hydraulic Institute) st 3l Btg REE AIE 7NLsh= 3ACH
Mike Modeling Suite= 0] ZAOIIA HiSohs TSt DAY =419 230|H 0| =752 S2|X, MENSHY, 35ty IHY S A2
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RECEIVING ENVIRONMENT DIGITAL TWIN WA
VISUALISATION OF THE RESULTS et
= 2D animations, statistical maps,

timeseries

= |ntegrated water quality metrics
(swimmable hours, threshold
exceedance)

= Bacteria tracks from sources of
contamination

= Proportion of contributions from
every source at selected locations

= Spatial comparison of scenarios
results and generation of reports

RECEIVING ENVIRONMENT DIGITAL TWIN WA
VISUALISATION OF THE RESULTS ——
= 2D animations, statistical maps,

timeseries

* |ntegrated water quality metrics
(swimmable hours, threshold
exceedance)

= Bacteria tracks from sources of
contamination

= Proportion of contributions from
every source at selected |locations

= Spatial comparison of scenarios
results and generation of reports

_,——————-————
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RECEIVING ENVIRONM
TYPICAL USE CASES

Computation of contaminants

ENT DIGITAL TWIN

dispersion with and Without STPs ~ ‘semeeergy
to identify their footprints e —
T M <
*  Simulation and comparison of ar=am— o)
alternative discharge scenarios = o
and associated environmental g Q)
impacts il
O et ()
» ldentification of main sources of Gere— O
pollution and prioritisation of o g
investments in grey/green/blue g ol
infrastructures o, @
oz, ©f
«  Optimisation of operational B=E AP —
strategies
A 22 A
« OIXIE E2 AARIO AN E& ALl : ot 2| Alde| &t YA=E Oolfoh= ARE, QE2t 74 HE2
CHUSH 28 Al7H EXHES 0[0F7 |5t ZHASH OfLM0[H 22 A23lcte BES HOEFUC,
+ O] AARIS Solf ALHOIAM Chatfet AILH2|QE lFiot, IF0| A0S 3 S o~ QITH D A3
+ QT X2 RY #e| & 0= Z0|| £Xfots A0 O SuHEQIX| HItet o= Ql= 0F0| ULt
RECEIVING ENVIRONMENT DIGITAL TWIN 1WA
BENEFITS S

Such a platform will drive partnership
investments to improve:

*  Aquatic ecosystem health (water
quality);

Public health (water quality &
amenity);

The scale of ecosystem services and
liveability outcomes (water recreation,
economic benefits, fishing, tourism
and culture)

Stakeholder understanding and

Large CAPEX savings [ deferment

e~e Collaboration with Regulators

E‘ Evidence based upgrades

"“ Holistic view of whole environment
@l\ Framework for Environmental Offsets

Optimize planning and operations

acceptance of recommended & Quantify connectivity
investment options
OIS ER 7|&0] HE|2HO| X|& 7hst 2 |t 01net 720 S8t Hea & 210(2t 2

1 HHZAC

EX|2H 0F0| tHoh ZfEs| &g

Feks G7tots WA

ot
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UTILITY RESPONSES AND ADAPTATIONTO
CLIMATE CHANGE IMPACTS

A Natural Solution To A Complex Delta Issue :

The Climate Buffer For Ecological And Climate-resilient Drinking Water Provision

Presenter : Koen Zuurbier, Netherlands

1.16 UTILITY RESPONSES AND ADAPTATION TO
CLIMATE CHANGE IMPACTS

Chair: Peter Dane, Netherlands Co-chair: Yang Villa, Philippines

A Natural Solution To A Complex Delta Issue: The Climate Buffer For Ecological And
Climate-resilient Drinking Water Provision, Koen Zuurbier, Netherlands

The Effects Of Climate Change: Are The Water Systems Ready?, Shakhawat Chowdhury,
Saudi Arabia

Papakura Water Treatment Plant: A Phoenix Rises, Chris Aspinall, Australia

Water Use Amidst The Climate Crisis: Challenges In Delivering Basic Sanitation Services -
A Case Study Of Rio De Janeiro, Brazil, Natdlia Rodrigues Costa Flecher, Brazil

POSTERS

Strategic Planning To Adress Climate Change Impacts On Wastewater Infrastructures
From Aguas Do Tejo Atléntico, Rita Lourinho, Portugal

IWA World Water Congress & Exhibition 2024 m

‘the intarnatisast

11-15 August 2024 | Toronto — Canada e e

A natural solution to a complex delta issue:
the Climate Buffer for ecological and climate-
resilient drinking water provision
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Switzerland

Germany

Netherlands. ==

Intake- :

North Sea

France

HEZE0= Rhine &, Meuse &, Scheldt & 0|2 3712 40| &Fal Y&E £2= Rhine Delta?} QUCt. AZts=2t Z0] 2J5f 2
Bl EIKZ20| 50| 742 10| IO B2 BS Tf 471 XIS UBICY, 01 RS B0l A22 X7 HAE7| 20, ZHH 58
24 XI2IHR! SROIA 0 SR5ICH 2 Rhine Delta®] 2, % 42450 2% HE0H 22 24610 ASITHE SHO| UL,

21, Rhine Delta?l K| 2& (£ | Flickr)
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SETTING: LAKE IJSSELMEER T

i K90l Isselmeer S8 82 F4otH X2 HEE AR = FH 70| 22 S50ok= AARO0| UL, [Usselmeer S42
O] Wadden sea S ZE517| I8t #0| QUCt. 0|2 Soll 42| 22 Wadden seall 2] ¢10] 714 L 7|EF A[A0f| M2/t =Xt

22, |Jsselmeer $4:0| MX| 2% (X | EuroParcs)
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SETTING: ECOLOGICAL STATUS %

-

‘Hardened’
shorelines

Robust ecological system to
_im Uw water qua! 1

012 Rhine Delta &fZ}3=2| 24X B A2 A= Tfg0| Efotl, oi2rd0] 2EISHA| §iCh= SE0| ULt s AN s 5522
FTots e Ed2 4= Ted0| EXFE SA|0f sHRHI0| 242to1H, 0|1 Sofl 2UHC 2 20| SO0 HEH0|C

oFH, 2|2 20233 1020 23! 2ol 52 SA0] 2det ZAXF 0] ACHOf et 22| H 27|1H2l 2LIHZO0| 2256t

80 29
=X 0157t S0 SHES AXIots SRR e} 51T 40| 20| ZIs SMS M= 3y
UXR  ZR0 B 5R2, 240N YHYS ol ASEYIE (BX | 2YLEY)

SETTING: INTAKE ANDIJK \

‘the imermatians
walet pRancIsEe

JLem

watprproduc on___
{UV H, O, GQC}

= Pre—trEEItr‘r‘zEl'_'T- -
+ transports
(1RO, MAR).

ANDIJK= Wadden Seawater2t Rhine river water?t SA|0| RU== 2Q1H|, 0]220f|A = 24 ANDIJK XG0 22 F|+=ot

2ot 28 T2 HYE HAN 71, A8 S0l 2E(RO, MAR)GHAHLE 8845 MEHUV-H202, GAC)5h= Hl AF83l|= oh= & O
HXe2| 1gE Sofl et 8== 2, AZEL ATt

o
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CHALLENGES AHEAD H

J PWN
* - A ¥
I,'; FEFEILLL
alerstréss on
Ciimate Increase water sxm:l rnigh i
Increasg change demand of 113 s Al !
fr o 1. billion litres per variphility. in water
millicn to year to 130 avalability and
0\"9_"' oy billion litres por quality across tha
il ||::'vl"lrﬁ year o
coglgmers - "
e ¢ -

k‘"—::'l wdlllotdlinel = ==+ T .- !

__—J_.

12U, 243 2T B 7|F /7|2 Qlol & Q70| SO0 et ¥H S5 Egoks AL HEN S A Z2 +EE R

X|otH, OIZ X{2{ot0] FHO = SHoH0F St M0 SEoH QAT

WHAT IF WE CAN IMPROVE BIODIVERSITY wa

AND DRINKING WATER SUPPLY? r.;"-x:
[~

YO =25 Bl +AHS FOH +EE RAll| /A5H, siE X|H0| Y= HFds 26t 0|12 Sall 718, Ao S5&H= +

43



HE M F2 L8

e intereallionst
IR pTTacistinn

JLE,

BUILDING WITH NATURE

€S| CaiBca
sm
| ‘Climate Buffer 9&t= of0], &2 HH0| Z=¢t M7 AlZtE 2N 9| £5| =8t SE2 W2t A &8
St A O
T M

C}.
IR

e tatere b0 pust
AR

0|R2 UZY)
40| X1

Ahe
PREDICTION OF INCOMING WATER

QUALITY: DATA DRIVEN DECISION
MAKING AT THE INTAKE

{02 Yeolz=E

O, 0|= Climate Buffer

[e}[o; (@]
I M—

Climate Buffer’ H|CH2 —! s [[H, i

t = Ty, A
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CRUCIAL ELEMENTS NATURAL IR
PURIFICATION AND ECOLOGY u;":"f-:'

it XIejo| X918k & Climate Buffer] 2J&0] 43 K53t 4 Qli= SHAIQI RIoTRsL 2 MeEl Q4SS LIERHRACH1-5)

ruln

CRUCIAL ELEMENTS NATURAL
PURIFICATION AND ECOLOGY —_———

* Habitats (fish & birds), scarce in lake lJsselmeer

712=0] Lake Nssemimeers 211719t Af S| 422 It MAXZ SH0JLE 817} UKD, YOZ OIRL T Cigfet MES 9|
B4 101 £ 4 212 2000, OJF S WE Ll £81 E1E 4 98 0[C), 61 MOKOZ B8 HOIABE AR, Wl 82
A2 MASH= Z7IOR SR E AL QIC}
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CRUCIAL ELEMENTS NATURAL YA
PURIFICATION AND ECOLOGY .
I}PWN
LA
* Macrofauna: food for fish
& birds & purification (filter
feeder)

o

0120fl MA{St= Macrofaunas & & FatAES =0, 2117|2 MQ| H0|7t 27| 20, M= trfd ZE0| sty Xl S oIt

80 €3

Macrofauna : 1.0 mm H|0f| 23X =22
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=
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=
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=
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S= Zgoke /td 2 MM S=20|H

J1213. Macrofauna (& | ResearchGate)
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CRUCIAL ELEMENTS NATURAL !M
PURIFICATION AND ECOLOGY 7‘"‘*’“"‘--——-
,WW
Warmer seasons

* Rapid plant and algae growth
* Activity of Mussels (suspension feeders) high with a peak in summer

Peak activity of microbial processes in water and sedim
organic materials (colder period)

ent from decaying

HIWH B2 Al7|0ls AEt 277t 520 &0t AR/t 2Ls| 2SIt
2 HIWH F2 A |0lE 2 & 77122 M7oks DIYS0| 2| 2settt
- O TI=l
0[9} ZH2 SHAJRO! MEY X|of RN MSTIYNT 20| & CIZ JHXIS THSOIE 4 T, AR $HS 2 4702 QABI=H &
ET O
20 + 9t
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MEMBRANE REACTORS

Oxygen Transfer In MBR Before And After Densification, Diego Rosso, USA (4211 L)

1. G+ HiIE R

A Tale of Two Plants... E

* Plant is small
— 8.3k m%d avg — 23k m3%/d peak
= 2.2 MGD avg; 6.1 MGD peak

* Large proportion of industrial influent (aleatory) in winter

i
2

* Large number of tourists in summer (i.e., municipal flow)
* No primary treatment

' Indoor membrane bays, outdoor biological reactors

* Tomp range ~ -25°C to +25°C

* T.w range ~ 9°C to +20°C

HRYHES
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o 2 gek= DRIt
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0] 2 1At M7t gleH, RYUE= HiE HIZ 2fi22|(MBR) SHL=2 SOOI 37 Y= OF(0) UKL of B=3= Aol ATt
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« 2T} OIXKa—factor)

ALPHA

Alpha is variable, NOT a constant

What we should talk about is <alpha>, which is the
average over the reactor’s volume

When bubbles coalesce in sludge, alpha drops
Fine-pore diffusers in ASP: 0.2 - 0.7

Fine-pore diffusers in MBR (MLSS>1%): 0.1 — 0.5
Different alpha with different loads

Colloidal effects on alpha

3

UL QXK= 0N A HE &85 UEtE Q8 XHO|CH L0t QK= M0 AfQf Ma HE Hax(KLa)2t THRTH 20IM2| KLa
Ol HIEZ ALtED. 0] QK= Hi4=0] COD(Rrer A4 Q71E) T-E0| Tt H2HX|0, A2l T2t Bt

« B2 F0{2f|A(collision) : B0 M7t =2 FR, 7IZS0| FXMAHM O 2 7|27t H0] 44 M §20] HO{TIC

3. g4 2t

208 Hof| 2t ==& Fuloh

0§ HIO[HE B|weitt. 2y S2iX| SYut MBR SEMUAMQ| M4 ME 225 Hlwet 21 MBR S8
M Lo A7t 245] adhs AS Y 5 AU 0l= ASO[ MAITM 7tA HE A7t BOA|7| THZO0C.

5 FULL-SCALE (Rosso et al, 2005
O:¥ yat PILOT-SCALE (K and Krauth, 2003}
FILOT-SCALE {Germain et al, 2007)
FULL-SCALE [Comel et al, 2003)

>
w
|y
=
vy
.
o+

g
= 05 147
0.4
A Critical Review of the Factors
o Affecting Modeling Oxygen
0.3 Transfer by Fine-Pore Diffusers in
Activated Sludge
0.2 b s . Lise e
o | 5 - R —
SLUDGE COALESCENCE = LOWER a e
0.0 —-iremember that sludge is a shear-thinning flthd)" —— —
0 2 4 E & 10 12 14 16 18 20 22 24 25 2B W 32
MLSS {giL)
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BEFORE
DENSIFICATION

Historyof Performance
OTE aSOTE Air Flux bo OUR
(%) (%) (SCFMMY (mgll) (maifh)
Feb 2023 156+19 14115 018100
Aug 2023 162+d4 177144 024101
War 2024 115218 11817 02101
| May2024 109£22 106+19 029+01

Test Period

AFTER
DENSIFICATION

1t SR M HE 20| HHEUCL, ASH MY i 7
E= 20234 2%01I THEAUCH, Ol= S2iA SF0| AEE7| HO

il
42, MBR SEUM =88 2ot +Z0|LE. 0|= 674E = OF0 Al BIAES TIHRMS o, 20t

BEFORE
DENSIFICATION

Historyof Performance
OTE aSOTE  Air Flux oo OUR
{ J (SCFMMY) (mgf) (mgih)
Feb2023 15619 141+15 018100 121+05 246+53 040004 U=
" Aug 2023 162144 17.7t44 024201 087203 335240 051 fb.'fz“j SUMMER
Mar2024 115418 119+17 021+01 216+05 215+40 034+004 EUIGSs
| May2024 100+22 106+19 0290:01 080203 30195 0312005 NEIHEE

Test Period

AFTER
DENSIFICATION
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TS1.1 | 1=

HOW TO GO DIGITAL AS A WATER UTILITY

Radar Data Applied - Optimizing Decision-making In Planning, Operations And Customer
Service In Aalborg Utility, Katrine Mgller, Denmark

29} : 0| YHMM= HI0IE9| Aalborg AlOJIAT 24|0|H 2= HIO|EIS 2E010] A=, 2, 124 MH|A ZO0[0M SMBTS ZIKatet At

Aalborg Al= QI5* Of 220t 5 HO| A|2, FA| 5t AIAR] & 72% = D42 205 ol O X2[st= 224 Sl AAHS
AESHL QUL O] A= 2065 7HX] 100% 2|4 St A|IARO 2 Teteh| /gt A2ls MR UASH, 01F ffah 201H Z== H0]

20'A 7 Aalborg Al= Aalborg TSt =510 24 XHE 20|HE =L 0] 2|0|C CIOJEIE 2E0t0 BAl HOHE Rt 4+

YEZ HESks Z2NAS WY, M= X AN 0|2 2ot ACH Eot, B 71F0HA HESotk= CHE 2{0|H

GIO[E2F 11709 39 87| HIOJEIE AtEatK 20|H HIO|HE Egoty .

0| HIO|EIE &8ol/| 2lsl L& KAMAZL= & OS2 0142 2|0|T HI0|EHLt 42 ZF7| LIO|EE SRiotH Hefet Aoz d4
7
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EERECIEES g
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U MH|IA BAf= KAMAS AFE61H0] 1240] Ha= LGS LU [, 42E ZEE Soff 2M0| SEal0f XS HHe - AL 2
g RA= 42 HOIHE BIZQ 2 ol AR U3 ofiA I M S Wets 2T & AL L8t A2 fA= KAMMAS A8
ot04 X Ll ot A|AE 2HIE 24014, ZX oS et 242 Y s 28 4 A

£5|, Beerholm X|H0 A Zdet (= = Ated|
O|Cf HIO|EIE Salf LERO0[ ?IXIRE F 742

Z A AU

dm
2
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Radar Data Applied

= Dptimizing Decision-making in Plannipg, Operations

and Customer Service in Aalborg Ul!lutg

YH H=a ZHx Y=
M= : 20| H0|E ME - Aalborg REZIE|C| A5, % U 1124 AH|A QAAN /&5t
XL : Katrine Mgller

RADAR DATA APPLIED %

Today we will talk about:

= How we use radar precipitation data in
our everyday work and gain useful
information.

s Use case where information from
radar data has been part of the
analysis and decision making for an
area with many flooding incidents.
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AALBORG UTILITY

= Aalborg Utility is placed in the
city of Aalborg

= Aalborg city is the 4" biggest
city in Denmark

= Approx. 225.000 inhabitants
and an area of 114.000
hectares.

Aalborg SE!2|E|

+ Aalborg RE2|E|= AalborgAl0ll $IX[E

+ AalborgAl= HIOMF0|IN 4HTHZ F EA|

+ CH2f 114,000EL2 HE0f| 225,000H0| HFXIE0| US

AALBORG UTILITY - SUPPLY AREA %

= Total sewered area 1.000 hectares
= 72 % separated (green), 28 % combined (red)

= We have a separation strategy to reach 100 % separation by
2085

= We are faced with having to plan and separate the sewage
system in the 28 % combined sewer areas. Ensuring capacity, -
that will last for the next 100 years. il

= As other utilities we have hydraulic problems in our combined
system when heavy rain and cloudbursts occur.

= Capacity problems due to infiltration and misconnections.

!

In ul'dertﬁo meet the SBPEI'aTiDI‘I strategy and be able to solve

Aalborg REI2|E| - 35 X|Y

+ & o+ 1% 1000EL2

SR 72%(54), BRA| 28%(27H4)
+ 206571X] 100% SBAIS S| i3t H0| S,
+ BIRA| I 28% 0 SHA2IS HEGIT 22Ot S AEO ZIBIEH S,

o
-Joi
S
o
i
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)
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I
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DATA FOUNDATION
RADAR DATA AND OTHER DATA

Together with Azlborg Universily we bought our first X-band radar 20 years age,
= The use of radar data In a sewer and drainage engineering perspective was new.

Together with Azibarg University a pioneering wark began. Processing the raw radar dela (reflectivity)
into usable precipitation estimates (Iniensifles) was a challenge.

Cluttzer and noise removal, altenualion correclions and adjusiment of [he measuremean!s against
ground observations, etc.

Today we have a processing chain and can now use radar dala from our radar In our daily work,

We have a Double Polarimetric X-Band Doppler Weather Radar.

Spatial resolution - 100 m (polar), Temporal resclution 1 min
Can measure up 1o 50 -70 km away

Open source C-band radar data from Danish Meteorological Institute.
Spatial resolution — 250 m (polar), Temporal resolution 10 min
Can measure up to 250 km away

= We have precipitation dala from 11 rain gages placed in our supply area. We
use these data, among olher lhings, lo calibfate our radar data.

« | Ddinfrom b Bugaiibeny Sontrahend DalE AcqUisior, 5valem [SCADA),

HIOIE] 7%k lolc] 3 7|Ef HIO|Ef

* Aalborg tistilt 874 2018 M 2= X-HE 2{0|HE v

* ob H Bz~ S 2H0IIA 20| HIO|EIE AFEot= A2 M2Z2 Z0IRACE

* Aalborg EHE—.*F-P SPH MR ZA0| AZEIUCE HA| |0]H TIO[E(HAR)E ME 7Hs 4T FHAIZR)Z A2loks A2 0f
22 UOIUCE. (B2H L A3 M7, 4] 27 L Xl 2#EHo| et 25 2H S)

'é*%EIE el Mels ERotal A0 0K ee FF0A 2|0|E| 20]H HI0[HE ALZEY 4= U

- st U
- 0|3 HE X-#= =E22| 7|4 20|
Z7HSHAIE - 100m(2), AlZE SHAIE 12, £ 50~70km BRI K| S8 s
. CI0FE 7|4 GITAO| @ AA C-HHE 20| H|O|E
ZZLSHALE - 250m(2), AlZEBHAIE 102, |0 250km TRl 27K £ 7Hs
« Q= 22 X0l MX|E 11702 QA REE] 242 H|0[EIS 2R3 QICt. 0]2{3t H|0|EIE AFRS}0] 20T G|0[EIS 2X5HT}.
« 22]9| SCADAZEE| H|0|Ef

oH

\.l r\l
OII

1o

FolAH & (Spatial Resolution) : 14 MM HHIZHOIA] THRtEE 4= Q= XA BHO| F|A HQ|(StA EE pixel)
2) MZteie=(Temporal Resolution) : £3 X|S0i| st Fet AR E A0 X H=XIE LEH = XH
3) SCADA(Supervisory Control and Data Acquisition) : Z+= X|0f 2! C|0|Ef &2 2|0]. ATEQ||0{2t SIEH0E ZEl6IH
At 2} SEO| TEM|AL}L FHIE MOE 4= UESF Shz AIAH
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FROM DATA TO INFORMATION

HIOIE oM HEZ

KAMA - VISUALIZATION OF RAIN DATA e msm e

Data Five analysis / views available
» Radar data = Rain depth
= Rain gauges = Cloudburst

= Max 10 min intensity

= Max 30 min intensity

= Max 60 min intensity
Three timesteps

* Live Users
= Nowecast (2-hour forecast) = Planning
= Archive (more than 24 hours ago) = Operations

= Customer Service

KAMA - Z< HI0|E{2] A|zt&t

ClIOJE(I0IC ClIoIH, AN

- BHOI 2N / H7| 7Hs(H| 2| 70|, HES L, Z|tf 102 L, 20 3082 L&, 20 602 Lx)
o 37FK| A|ZH SA|(AIAZE, Nowcast(2A|Zt Ol &), 22| (244|127 0|4+ &)

« AEXHAE, Y, 124 MH|A)
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KAMA: ACCUMULATED RAIN o

KAMA : SXE 3=+

KAMA: DATA COMPARISON + CLOUDBURST

IKAMA Radiate : RegnArkiv

KAMA : E|O[E| B[ + &ES2
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KAMA: 10MIN INTENSITIES + LEGEND WITH REPETITION PERIOD
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FROM INFORMATION TO DECISIONS

CamScanner= A 75}

FHOM Y=
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DECISIONS BASED ON RADAR DATA M

Customer Service

= How to provide the best and most efficient help for a citizen
with a flooded cellar

= If KAMA shows cloudburst: Refer to the insurance company

= |f KAMA shows rain below the dimension criteria for our pipes: Make the
Operations Department aware of the incident as something might need fixing

inmmiring chenge

O[] HIO[EE 7|22 ot 2F

174 MH|A

E42 X[GHA0| El4E A|DI0H| £MO| =22 KlZstH= it
+ KAMAOIM 255 2(cloudburst)?t ZAIE AL : BEAL0

H_n

+ KAMAOIA St~ 7 7|EHCH R2 227 BAIE 42 2HE US &= ULEE 2F 2M0| Afis &
DECISIONS BASED ON RADAR DATA ._!:WAJ,W....

Department of Operations

= How to prepare for the day when starting a new shift in the morning

= Has it been raining - and how much and where — since the previous workday? This
will inform on what problems that will be expected to have arisen during the night
and what will need solving today.

= How to interpret various alarms and warnings in the SCADA-
system

= s it raining in the area where the alarm is triggered? And is it raining more or less
than what our sewer pipes are dimensioned for? This will inform on how to respond
to the different messages and where to dispatch a worker for further inspection.

= Detecting problems with our rain gauges

= Dogs the comparison of # single rain gauge and the radar data show a large
Caisciepancy? Therrsuimeene will have to inspect the rain gauge.

O[] HIO[EIE 7[M2 2 ot 2F
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DECISIONS BASED ON RADAR DATA %

Department of Planning

= How to respond to a large variety of problems, e.g. the
"Vejrholm” case:

= Several incidents regarding floodings from the wastewater pipe
= Heavily loaded wastewater pump

= A downstream interceptor sewer affected by large amounts of
extraneous water

6Pt 2R o BT
© B2 Yol B220| QUE o1R0] B4 ST
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CASE: "VEJRHOLM” %

= The "Vejrholm"® calchment afea is 100 heclares.

50% of the area Is paved
The sewer system Is an older separated sewage system from the 1870 and 1990,

The area conglst of primarily residential properiies. A few agricullural fields are also localed in
the area

Hypothesis:
= H1: The wastewater pipe could be affected with stormwaler due 1o misconnected sewer

laterals, Most problems occurred in a specific anea. Making us suspect that there were
several misconnected sewer laterals In this area.

#  H2 Groundwaler could be infiliraing the system,
»  H3: Drainage wa'er from nearby agricultural fields could be connected to the system.

We needed to investigate the hypothesis to decide the best solution and
where we should use our time and money.

= \We placed B loT devices lo measure waler level during dry weather and during precipitation in
P-otrolegisally selected wastewater wells Intha “Veirhain siei.

CASE: "VEJRHOLM"
"Vejrholm" % H&2 100|EL20|Ct.
* 0] X|¥9| 50%= HLAE0f ULt
* o AIAEI2 1970E 1} 1990 ALO|Q] 2 E 2FA! 5= AARIOCY,
+ 0| K92 FE FAHE 71SEE +d=0 UM, FFE =208 TEL 0] X|H0i| AXISH UL

OII

©HT: TR IZE AR EXIR QI3 SHH0| WSO FHS WS 4 ULk theRe A ST K AL 0] KIS0 0f2y

Hia= 20| AIAR0| HEE & UCE

= MO SHAMES AFot 22| A7t =2 OL|0] AFSSX| ZF5H7| |loH 0 7HAE ZARSHOF J/C
L2|= "Vejrholm" X|He| MEMOZ MEYE Sl SO0 8712 loT HXIE HIX|SIH HEEH MLt 4= B0l =2/ CIOIBHE &3
.
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CASE: "VEJRHOLM” m

= Nearest rain gauge located approx. 5 km and 2.5 km from
the “Vejrholm” area.

« Aalborg is located in an area with very local precipitation
events. The rain gauge could give us misinformation about

our analysis.

= Radar data from specific days was compared with data from
loT water level devices as seen in the figure below.

W an
» =
= Lo
T ==ater lewed Jem] .E
L8 —Preciphation [uafi] P
H B
0
- 3
i -}
1
wk
»
3, JL . s
g S TS - -
o S 4 0 B N 1 = e e e P e ——— lwvmleﬂ
Date and time
insniring change 16

CASE : "VEJRHOLM"

. IR U 71|E "Vejrholm” XIH0A 2f 5km2t 2.5km HOIA ULt

* Aalborg X|92 Z4= 40| U2 X|HX0[2tA 242 CIOIE7t sHY X|92| 2SS Heko| BIYSHK| o4g 4 UCh J2iA 240
0| CI0[HE AF85H |2 FiCt

« % M| 20| HO|El= Ot2{2] loT 49| &X|2| H|O|E{2t H|m E|UC

CASE: "VEJRHOLM”

Leoking at several data comparison we could, based on the response time in water
level, see that the wastewater sewer system was affecled by stormwater. Probably
due to misconnected sewer lalerals.

High water level measurements in the waslewaler well during precipilation as
expected. =D i
The response time in water level rise was greater than the transport time in B oo IoT device E‘aCEd
the catchmeni area (yellow ring). b Eas ey
This indicating that the extraneous water came from another area than we : el T k=
had first thought,

- Floodings incidents was instead caused by sewer backup due to lack of
capacity due 1o extraneous water from the upstream area

Looking into all data comparing radar precipitation data and water level daia, we
concluded that the extraneous waler primarily came from two smaller specific areas
{green fingl.

= We could, basad on this analysis, make better decisions about where 1o use time and
mwmmmmmmmmmmmmm
l,’hﬁm.wmmawm.mm [

Bessraieinn e bimnne

CASE : “VEJRHOLM”
* O{2] CIO|H BIWE Solf 9| BIS AIZHS 2, = i A|I2Z0] 242 215 ks HRAT= AE &+ AU Offfe &

=l Hi4=2H0] QI Z10|CY,
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QUESTIONS OR COMMENTS?

Sewage and Storm Water Engineer

Maria Jensen

maria.j@aalborgfersyning.dk

Thank you for your attention!

We hope you enjoyed the
journey from data to
information to decision
and gained insight in how
we apply radar data in
decision-making throughout
our organization!

IT and Digitalization Lead

Katrine Meltofte Maller

katrine.moeller@aalborgforsyning.dk

KAMA Developer and Radar Expert
Jesper Ellerbaek Nielsen

jen@build.aau.dk

Sulring chenge ; T

WE Z2 Y £} 20| oy

ot4= L 4= AX[L|0 : Maria Jensen, maria.j@aalborgforsyning.dk

ol

IT 2 OX|Est 2= : Katrine Meltofte Mgller, katrine.moeller@aalborgforsyning.dk

KAMA JHEER} 2! 30| HE7} : Jesper Ellerbaek Nielsen, jen@build.aau.dk
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TS1.1 | 4=

Louisville MSD's Data Driven Digital Transformation Journey
Over 20 Years, Diana Tao, Canada

1. HjZ Y =X

< ="

MSD BACKGROUND

= Largest nonprofit public utility in Kentucky
= MSD shareholders
~ 755,000 residents in Louisville Metro
~  Ower 24 million visitors annually
= Core business
~ Wastewater collection and treatment
*  5regional, 2 sub-regional WQTCs
* 13 package WWTPs
« 350+ pump stations
= 3,500 miles of sewer
~ Stormwater management
CS| (U aE R ot

THE CHALLENGES

= Aging infrastructures

Many CSOs, >4 BG of
annual overflow in 2000’s

Sensitive waterways

Regulatory compliance —
Consent Decree

—= Financial limitations_
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= Highly complex and
interconnected
network

= Spatial and temporal
variability of flows

= Changing conditions

atany time
IMPROVING THE WATERWAYS: %
CHOOSING THE BEST APPROACH

= Total system optimization: use of all
available space in the system

= Robust and reliable: anticipates all t‘é’i
possible failures to avoid risks :’J

= Adaptive: responds to rapid changing
field conditions and climate

= High performance: optimizes critical
operational decisions in real time and
¢ canticipates future conditions

INEHifing chanos

H{Z (MSD Background)

+ MSDE ZIE7 |0 7H 2 HIg2] BB AM2, F2 20| HER Xeo] 758+ 53 Bo| 01} 17t 2,402 T 0440

N 2H
OIA MHIAE HMSeHtt.

=
o

L 32 NS W4 4 U M2, ZES B2, 121 2 64 &4 BS0|0t MSDE 5749 X% L 2749] 2X|2 WQTCs(-EHz2] Al
Ef), 1374] T7|X] X2l&, 3607H OJAt0| B AE|O[AT 3,6000120] Lot SHES BB

02
_O'ﬂ
'_

£Q
u]

=X H| (The Challenges)

o L&3hE olTatet BF2 CSOs(Combined Sewer Overflows, Ef&4A! 5k QHEZR)Z 2la 2000 CHO| S7t 49 221 0|Ak9
QHIEZ 7} LrAEHLT

2O M
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220 A 42| L2 M(Consent Decree)s E !5t

48| (Many Operational Challenges)

AEE HEHT, 589 S H AT HSd,

2|7 o=

=X (Improving the Waterways : Choosing the Best Approach)
« MSDe CX[E £2 M8 Salf AIAH
ot ! ot

. 0| ®2

Pl

X| B3}

|—_|
=
0
_lj_

éf
=

1. 5AHE

2. 2EX2| ME|

PHASED APPROACH TO DEVELOPMENT
AND IMPLEMENTATION OF REAL TIME
CONTROL WITH CSOFT®

2003

2006 2015

4

Feasibility Study ~ Design Implementation  Integration

410 10 Times
Lower Capital
Cost

Rapid
Deployment,
Repid Sesulis

Over 600 MG
Annual Overflow
Reduction in the
First Two Years

Total System
Optimization

insgiring change

X EH
HT =

(Phased Approach)
20004 :
20034 :
20064 :

20154 :

|_7E
[

PAIECH4~108) &

|2~ Z=7| HHX].

al] A
{8

: —S—%“‘XI%OI =7|ofl=

Pl
(=]

==

=-

2l 2ENSE AAEO| 7HXIE Ofaffotl +=Eot|

= W2 YU AEOIK AZIO0| X|LIHA ARtlgE &1

e isternalisnal
waies mEsociathen

n

2}t (Gaining Operator Confidence and Acceptance)

HX|EOoZ

» O AE-II-I

WS =010 2H0A
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GAINING OPERATOR CONFIDENCE AND
ACCEPTANCE

* Progressive optimization
* Operators start with low
set points
* Gain confidence over
time
* Raise set point without

adverse impacts to
customers

» Skeptics to believers

Full storage set
point: 27 feet

Intermediate set
point: 14 feet

Initial operator set
point; 10 feet

MSD VISION AND OPERATIONAL DECISION-
MAKING GUIDES IMPLEMENTATION
* Provides operational tools
* Continuous improvements
Manual Override

et Ayziizhic

Pewtarivg 08 %
— —_‘\

Key Performance Indicators

U inlomatian e
waist astaciatlan

3. MSD2| H|H &

- 29 £TE HBSHD XISHQ! I
+ AR BUER

12 2701 AAY 75,

2 Z=Q Mt X|H(KPIs)S

= o B |

4. 3LES
* HO[H 7|8t oAr2EE AIHol| et SYES
Crfet X2/ A 2 HI0|EE 2Altez

A| Gl0|E| 22| ZHE
A o]} 22| ZUE =9,

S3510] 24, 0|2

Saof AIABI0| MEfot 458 AlZEoR

HfEEoz o L2 23

2 o|AHAH (MSD Vision and Operational Decision — Making)

5
o

it

(Centralized Data Management Platform)
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CENTRALIZED DATA MANAGEMENT 1WA
PLATFORM FOR DATA-DRIVEN DECISIONS o

MSD/Csoft ® Evolution

* Long-term investment of
infrastructure

= Integrated into every new
¢ facility

& = Modeled overflow
reduction from 8.5 billion
gallons to 340 million
gallons per TY

* Provides resiliency

MSD/Csoft®2] &% (MSD/Csoft® Evolution)
7| EXR M2 AIE09 S312 Salf AIARIS XIEHO = UHMAIZ,
1

0| o| I-
S I_
HIBZE 17t 659) Z2I0IA 39 4TRt HBAOZ AT = RYY ZUS S =S KB,

0

I-O
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RTC Sysiem Full B

Rirvigard 00EH202T

[m

i .ﬁﬂ
uild Gut

6. RTC A|ABIQ| 2HH 3= (RTC System Full Build Out)

* TA| Stefe el AAEE HAIICZ Mot BLEFGH | #fel Ciefet 2

Control) A|AE!

3.z2Y

=
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™ == RTC(Real-Time

Diversion
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CSO REDUCTION VIA STORAGE AND
DIVERSION BY FISCAL YEAR

Arrwalvasags Bilrtul jm

940 W Mfd hME M DA lmS dee I0m 3 JoRE 207 1
4518 Flizal vasr A
= A !3?53 ' _ | ——tention e Sawr e Yoat [1000) RARM] e il Vi Pntll
25| ot1l, 2F ZI20] £2M JHeof ZoSHH, I&C(Instrument & Control)2F SCADA A|AH
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Benefits Realized ey

CAPITAL COST SAVINGS PRODUCTION EFFICIENCY:

90% INCREASE

Total collection and treatment system optimization
Sustainable triple bottom line benefits
Protect public health and safety
Improve quality of life and community development

CamScanfidfdideygriforce opportunities

CRITICAL SUCCESS FACTORS =T —

= Foster organizational transformation

= ldentify and communicate roles and responsibilities
= Involve operation staff in solution development
«  Ownership of 1&C and SCADA system
= Properly maintain equipment and instrumentation
= High performance design considerations based on real time monitoring

= Appropriate level of RTC that considers O&M issues and consiraints
+ Anticipate failure — fail-safe design and redundancy

= Adaptive planning and building on to system with continuous
improvements
= Post-event analysis and performance tracking
= Adding security and resjliency
« “Expand tonlio) with'mere advanced analytics

w b
[> X x

o

2

&1} (Benefits Realized)

1.CSO Z4 : 2008 A2 2021AMK| RTC A|AEIS Sal 0 CSO(Combined Sewer Overflow)7t 2 243490, £6| 20214
0ll= 5,763 MG(Million Gallons)7t XM%&F & Aok QACt.
2. X2 H| HZ : RTC AIAH =22 Soff 29 F22| A2 HIg 24 SUE oI
3.4 M Bt Mt §840] 90% B71312H, 0|12 Salf TA| 8 I XM2| AARC| =|Mst X|& 7ts8H 0|2, 35 21 H oA
A

=]
29, of 2 ¢ H ARUE HE, 12211 U 715 HE SO S 3H2 2 UtE YU
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OWTO GO DIGITAL AS AWATER UTILITY

Valuing data - adopting transformative digital solutions for the water sector

Presenter : Janelcy Alferes Castano

IWA World Water Congress & Exhibition 2024

11-15 August 2024 | Toronto — Canada

Valuing data - adopting
transformative digital solutions for
the water sector

Lol sixtet 012 =0 thSst7| Hlst E+X CIXE T

{oliAt= CHIOIE 7} sty 240|C.

CXE Hets

-lO

S3HAOXE &84
7SS 2ol Ifefotil, MEsH 7|= & OfaEAAS] F0{7H BQ06IH.
ot = 20k HE Lt g=jol SEE YEA F=5H0F ottt

SAIR CIX|Z £24 A7)

« #7)0]|2| Waterlink} #8243t Acospite Z2HIE : surfacewater H2|0f| ZLIEZ HEYIE AR
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S| CIX|E TEIM2| HIEX] = atw|

« 71BN BHE H0[H2 2F H0|He 24, MES 7I&(HR|, 714, T2 4, H[0|E 3R, AlO|H ot BES0| £X)
- H7|1&8XN 22 SESSHH|IM(EE S5, 0|2 22H4), HStof tiet M& 2 S48, M A4
CURRENT & FUTURE CHALLENGES _.l'm:.“.,.,ﬁx,,_.(_._...
Energy Climate Aging Water
consumption change infrastructure demand
water [[%
stress o o
~30% A
80% by 2025

Unmanageable with
current infrastructure &
operations

Potential for savings &
operations improvement

ol 4

AL 200 A 24xHeL O|2HO] =0 THSSHOF BT 249t D242 =8 M= & £F, 2 2F, 27 4, x| AH|, 7| &

= ’
s}, Le2slE Q1xet £ 57t S0l g

ZiM, OffLAR] H| 2HO[C. 41 Q122 23 MAZE S7/tot= HUA| =28 28X = &g 4= gk

=M, 7= Halz Qlot JS0| FH AX|L QL. 7|= Hels & A A 2ES 30% S7HA711L, 8 LY 7FsdS 400% S/t ARIL
A, == okE QIZ20IC}, 2ok #AH #e| QIZetlL §340| BUHX|E2 FX| 242 FT1|0|=7} HH0|C

O [2e 2, +2 10|t 20267 2 +=27t 2f 80% &7t A2 GildE D,

KEY DRIVERS T
Transformation at all levels of water management @
Minimize impact of climate change @ %
Balance between demand and supply
Potential economic gains & environmental impact ®7rg
Penetration of digital technologies Q@Q

;@;- “without data, there is no
information; without
(’/ Di git al information, we know nothing;

5 and a system that embeds no
transformation

knowledge can not be intelligent™
(Therrien et al., 2020)
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ADDED VALUE - DIGITAL SOLUTIONS

Can we estimate the added value of digital solutions?

complexity, Refined
development level Leval ofdme

| measure
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DIGITAL WATER ECOSYSTEM T

Valuing data in the broader
context

From unitary to
interconnected scenarios

Enlarges value chain &
stakeholders involved

Bottom-up approach

Digital Water MEi7= GIO|EE S W0IIM HIISILT, TY ALE|Q0M & HEE ALRIQEQ| HEE ZXRSICH 71X A&t
O[SHZARIZF 24THE| DY, SefAl F2ES =
KA 7|s A SHIE O[G2ARIE 22 242458 XMSFE &1 22= A0| Q0!
0|2 Ol5H Al7|&, M QU OIAJO|E, MZ2S 2 XY, SSX0| 2 KHAFR0| 7HS8HA|D, AMQY AIZ 9l =0t Of|4X| L 7|5, 28 H5 &
Z0flM S4L0| O|FOfTICY.

_J

DIGITAL WATER ECOSYSTEM !WA

» Valuing data in the broader
context

* From unitary to
interconnected scenarios

* Enlarges value chain &
stakeholders involved

Energy data ydrohogical dats

Citipen et data Dt ibutaon
Sewar ks enlirg dats deta

Food Rgrs desn = Bottom-up approach

Value chain
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MAIN CHALLENGES

Lack of Data

Lack of wision
{£]o; juality data Lack of skills

Resodrces

Heslstance

.j'

Deployment of technology _

Governance Partnership '
=ta ch= aglfCvhers v

Dt hgRlarCynersecthitgy Unclear Benefits/RO|

Lack of standardization Regulatory barriers

ﬁ Mitigation actions to overcome these challenges
< together with involved parties

HAMY, CIOIH 24, QA2 AIH A28 S OXE E840| BA|, e+, S8, N A ge| S Hiet 20follA 2851 U

INNOVATIVE DIGITAL SOLUTIONS i eermatans

soil and water
resources management

ndustry

30| THOIS SOf ALRQIE, S2ALE 7R, Al Y DRI Z

HO[H Tgol dd, Mt Qlxete| 115, 21 R Vs 5
T ORIE SRMS 7ot HIOIH S 71X Sthatet 4 QAT

22 O, Of2{gr =MIAIE siiZol| fIet Feret =S 71

#1710112] Waterlink2} 8215t Acospite Z2HMEZ | surfacewater 2|0 2LIEZ HEQIE AR5 A0}
OXIE HE SEfA M= 120km 042 2201 MM HIEYIE Sdll water level & MEHE BLIEFSI, AJAH CHO|LIYA A
251 R Q01S EMSITE (AAE CHO|LIS AR A|ZER] ZA0]| 2 AJARIO| SE HSHS O|O0|SICY.)

Darrow Z2HE AldH|2, AISFEMS 25101 0|23UCt.
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MONITORING NETWORKS

rmatiEnal
wriar Bretianen

Surface water management

o Online sensors network (> 120 km):
water levels & conductivity

o Operational model & data analysis
Users: authorities, DW producer

cs, drivers for
salinizatlon, stakahq!ders
relationship

Factor of success? @r |
Needs

Customized dashboards
& Dara analytics

A

Data clovd
platfarm

e .
= g A
e P e

IaT infrastructure

1A
LoRa .

Technelogy Training Vision

Stakeholders L

= T

@

L waterlink

7#' Vito

o Data augmentation & data enrichment

o Al-based controllers & Reinforcement
Learning (RL)

o Smart decision =* digital twins

Cost reductions, decision
making, process efficiency

Factor of success? @'

Needs Data Assets

Technology Scalability

DATA-DRIVEN SOLUTIONS FOR WRRF

1be Intaraalinas!
walnt kRSl

Ai solutions for optimization

l “"u"""‘i‘ WP Wemther  Cali Semrmi m‘r:bml
CEI[ R .;é';mq % vito

DATA FRAMEWORK - W

Data framework

o Ontology models & dynamic knowledge
graph

Decision support & process optimization

®

il
Factor of success? 'Jv

aQ

Facilitate interoperability,
holistic, decision making

ﬁ Case studies Data
Governance Technology
r— e AN e~

e lzsrnatisusl
mALAF maRBCiR i

ATER REUSE

Decision making — water reuse

|
WaéterFRAME

|
Libwary of
| sadels
Litwary of
Ontaisgies
Y ~h
2, '\\ AP PILELETE
/- p\Y

=~ vito [ v

fg:t Poster 6.49
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TAKE HOME MESSAGE

Key role of data & digital solutions, key enablers towards efficient &
resilient systems, improving sustainability

A successful history requires to consider different technical & not
technical aspects = from needs to broader picture

How to accelerate the adoption of digital solutions? -
1. Learn from each others
2. Right pieces together ﬁ

3. Key use cases (win/win)
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How To Go Digital As A Water Utility

Cinter - A Human - Centric Data Management Platform For The Water Sector, Ingemar
Clementson, Sweden

YEAPHOXEe 272 2ot U= NSVAE 298 510 2X[et SS7 B2z, HES Helotl ot X2|E §EoiH 3845

[=]
UH A= CI0[E S2E A Z0] Z2HEM Zigiet LIS HIZQZ 371X FH(0ll et S& (ZHIE, A, 71£)0|ch.

The Priak

Big data is like toenage sex;
Evéryone talks about it nnbody really knows hew 1o/'da it
averyone thinks svaryone elsa (s doing it - 5o sveryone claims

that they are dang it

JCian Arinhy, 2015
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Prediction of combined sewer overflows using a data driven
solution and machine learning approach

Presenter : David Nagy and Pourmoayed
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Prediction of combined sewer overflows using a data driven
solution and machine learning approach

Reza Pourmoayed®, David Nagy**

* Grundfos, Poul Due Jensens vej 7, 8850, Bjerringbro, Denmark, (reza@ grundfos.com)
** Grundfos, Poul Due Jensens vej 7, 8850, Bjemringbro, Denmark, (danagy @grundfos.com)

Abstract: Managing Combined Sewer Overflows (CSOs) is a critical challenge for water utilities,
affecting both environmental integrity and public health. A solution based on machine leaming
techniques with MLOPs process was proposed to provide early waming of CSOs and allowing water
utilities to take corrective actions for preventing possible overflows. Prediction of CSOs is done by
forecasting of sewer flow and level using sensor and weather data at mulriple poims of wastewater
network such as pumping stations, manholes and entry point to treatment plants. The solution was tested
for 17 assets of a water utility in Denmark and the results showed acceptable accuracy of sewer
flow/overflow prediction with an error deviation of about 5% and forecast horizon between 1-24 hours.
The solution has the capability to be integrated with digital solutions for enabling proactive network
operation policies and optimized pumping activities for water utilities.

Keywords: Overflow; CSO: Machine Leaming

MOTIVATION & BACKGROUND

Sewer Overflow is the release of wastewater into environment that has a negative
impact on global ecosystem by polluting air, groundwater and surface waters and
therefore can be a threat to public health (Sojobi, A.O., Zayed, T. 2022). This study
aims to forecast sewer water volumes and water levels, especially during heavy rain
falls, and therefore alerting water utilities to prevent possible overflows due to high
load of sewer volume in wastewater networks. It also helps in optimizing pump
operations and predicting sewer inflow into treatment plants. Key benefits include early
warnings for potential CSO events by predicting pipe levels and flows, and proactive
control of network operations using these forecasts. The solution is based on a data
driven approach with Machine Learning (ML) techniques that can be applied for
prediction of sewer volume and possible overflows at pumping stations, sewer network
gravity points, and entry points to wastewater treatment plants.

Methods:

The data used in this study was from a water utility (VandCenter Syd) managing water
supply and wastewater in Odense and Nordfyn in Denmark. The telemetry data from
17 pumping stations of this water utility was used for forecasting of sewer volume in a
catchment area of their network. In addition to telemetry data, corresponding weather
data (rain, pressure, temperature, snow, etc.) was also obtained from online weather
services (OpenWeatherMap and Danish Meteorological Institute). The telemetry data,
such as water levels and pump outflows, combined with historical and upcoming
weather data offer a comprehensive view of the wastewater network influenced by
weather conditions.
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Several advance statistical and machine learning forecast models were used to provide
required predictions of sewer volume/level for each location of the pumping assets.
Examples of these models are timeseries decomposition model, generalized linear
model, recurrent neural network, convolutional neural network, temporal convolutional
neural network and long short-term memory networks (Kevin P.M., 2022). For each
model, first the historical telemetry and weather data during the past 180 days are used
for training the models and afterwards the trained model is called in each hour to
provide the forecast results for the next | to 24 hours. The machine learning model
management, training, and inferencing were done using Azure cloud services. The main
logic behind the forecast models was to find the most relevant features from the
telemetry and weather data and use them in mathematics framework of each model for
pattern learning and future timeseries prediction. An example of these features are
hourly, daily, and weekly seasonal components, time series trend components,
statistical lag components for flow and rain, holidays, working days, etc. Figure | shows
how these components can be extracted and used for pattern learning and prediction
using ML approach. Moreover, could deployment of ML models was done based on
MLOps process to be ensure the models outputs provide robust and accurate forecast
based on live telemetry and weather data from pumping station.

Figure 1 Feature extraction and pattern leaming process using the ML methodology.

Results:

An interactive visualization interface was built for the pilot water utility (VandCenter
Syd) to display the results of sewer volume and level forecast with potential warning
of CSOs. The pilot water utility was presented with forecast data of 17 pumping stations
using the online dashboard based on mean, 80% and 95% confidence intervals. The
forecast results are updated for every hour for the next forecast horizon of 1 to 24 hours.
In order to quantify the forecast accuracy, when the actual flow/level values are
observed, the forecast values are compared with these actual values based on several
accuracy metrics (RMSE - Root Mean Squared Error, MAPE - Mean Absolute
Percentage Error, MAE - Mean Absolute Error). In overall the forecast accuracy was
goad for all assets both during the dry and rainy periods with an average error of 5%
percent based on MAPE accuracy metric. Figure 2 shows the forecast results with
accuracy metrics for one of the assets during dry and wet periods.
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Figure 2 Forecast results for hourly sewer volume for a pumping station during dry and rainy periods with accuracy
metrics. The red line is the mean of hourly forecast for sewer volume (with unit m3/h). The dark and light red
highlighted bands are the 95% and 80% confidence intervals of forecasts. The blue line is the observed value of
hourly sewer volume, and the blue bars show the min amount (with unit mm),

In addition to forecast values, other metrics provided also to give a deeper insight into
data patterns and predictions. For instance, these metrics displayed the spread of real
and predicted data over a user-selected time frame, factoring in average rainfall and
sewer volume. This aids water utilities in understanding the average capacity and sewer
volume during specified periods. (Figure 2).

l.I}lIi‘_...-—__--...l._ I_.—_-..-l.'-.I,L. -

Figure 3 Distribution of observed sewer volume forecasts and rain values. The x-axis in wop plot shows the
observed actual Now and the comresponding forecast results. The x-axis in the bottom plot shows the amount of
rain. The y-axis in two plots show the frequency of observing a specific value in x-axis.

| QW T RN

To predict potential overflows using sewer volume and flow forecasts, the pumping
station's maximum capacity is first determined. This can either be calculated or set by
the user and added to the dashboard. If forecast results of sewer level or volume exceed
the threshold of maximum capacity, an alert appears on the user interface signalling
that the station’s capacity might soon be exceeded, perhaps due to heavy rainfall. This
early warning allows water utilities to take preventive actions in time. (Figure 4)
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Figure 4 An example of the max capacity threshold calculated or specified by the user to detect possible future
overflow. The red dash line here is the maximum capacity of the asset. When a sewer volume forecast is higher
than this threshold a waming is shown indicating the chance of a possible overflow in future.

REFERENCES

Sojobi, A.O., Zayed, T. 2022 Impact of sewer overflow on public health: A
comprehensive scientometric analysis and systematic review. Environmental Research,
203.

Kevin P.M., 2022 Probabilistic Machine Learning: An introduction, MIT Press.

88 Cixg SMte] SAQIMAC



IWAWWCE 2024

TS1.20 | 8=

Sewer Overflow Management

Willow Trunk Feasibility Assessment And Design — A Watershed-wide Solution For CSO
Reduction With The Use Of InfoWorks ICM Modelling

Presenter : Angela Steward, Mike Lam
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City of Vancouver Context

The Challenges

Future State:

» Substantial Growth: 100,000+ residents, 71,000+ jobs

= Annual rainfall is expected to increase 12% and amount of
extreme rainfall event is expected to increase by 20%

+ +0.5 min Sea Level Rise by 2050 (and +1.0 m by 2100)
« Combined Sewage Overflow (CSO) shall be eliminated (2077

100,000+
Residents

Ng—gr] 71000+
jobs

F% +0.5/10 m
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Why Willow Trunk? "
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» Combined Sewer Separation
Strategy

= New Storm Trunk to separate the
system and bypass an existing
bottleneck

« Existing and New Sanitary Trunks
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What Success Looks Like
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OUR DRIVING QUESTION Sy

1

How do we solve complex watershed-wide
problems?
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The Approach

How do we solve complex watershed-wide problems?

+ We leverage data, spatial analysis, hydraulic model,
and optimization tools.

-
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! o 1/ DesignCriteria 'y Watershed-wide
| DataCollection 1 | Model Development 1} Optimization 1 Solution(s)
i Clmate&Flow J 1 InfoWorksiCM i  Performance | New Trunks
‘-‘ 311 Data ! “ Model & Calibration g Y Assessment& s | Y Green Infrastructure
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Monitoring since 2016 Modelling, GIS, Macros, and Scripting

The Model
985 ha and 213km of Sewers

Sewer Network (Nodes and Links) Storm Subcatchments Sanitary Subcatchments
{Rainfall runoff and groundwater) (Wastewater and 1&l)
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Criteria Optimization
How do we optimize the design criteria?

= Service calls vs rainfall to understand what impacts servicing level the most.
* Runoff management / Retention / Inlet capacity are as important as pipe size
= Green Infrastructure is going to be a critical part of the solution.
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Climate change and sea-level rise
Joint-probability Approach for assessment and design criteria

*10% Joint AEP: 10-year Rain with 99.9%
Tide Or 5-year Rain with 50% Tide
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The Solutions

How do we get to the solutions?

* InDeGo (GeoSpatial MCA): include criteria such as growth, level of separation,
and feasibility for Gls.

InDeGO method  jommer 7 sedaccd

Performance snhuetion

The Solutions
What may the solution look like?

- Gls and new trunk sewers (with tight-pipe) that are adaptive to sea-level rise and growth.
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WATER SENSITIVE URBAN DESIGN

Smart Blue Roof Implementation Project

Presenter : James Cowan, Canada

4.8 WATER SENSITIVE URBAN DESIGN
Chair: Florian Kretschmer, Austria Co-chair: Mendy Shozi, South Africa
Smart Blue Roof Implementation Project, James Cowan, Canada

Co-designing Water-sensitive Suburbs Through Blue-green Infrastructure Planning By
Research, Municipality, And Housing Association Partners, Jan Fiesen, Germany

Creating A Water Sensitive City Strategy For Fishermans Bend Urban Renewal Area In
Melbourne, Australia, Ryan Brotchie, Canada

Development Of Agro-Industrial Biofilters For Urban Stormwater Runoff Reduction And
Diffuse Pollution Mitigation, Lee-Hyung Kim, Philippines

POSTERS

Understanding Adoption And Performance Of Rainwater Harvesting Systems Using
Sensors: A Pilot Study, Eren Rudy, Canada

Generation Of Planning Scenarios For Stormwater Management In European Cities,
Maria Chiara Lippera, Germany

IWA World Water Congress & Exhibition 2024

11-15 August 2024 | Toronto — Canada
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Smart Blue Roof Systems

Green (nfrastructure for Climate Change Adaptation

Inmes Cowan (Cradit Valley Conservation)
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LOW-SLOPING ROOFS IN URBAN SPACES
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Flooding is the costliest natural disaster impacting
Canadians and is the lead driver in rising catastrophic

insurable losses for the property and casualty
insurance sector in Canada.

* Insured losses averaged $1.8 billion annually from 2009 to

2018, compared to $405 million annually from 1983 to 2008,
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SMART BLUE ROOF - A DYNAMIC SOLUTION! n...;m_i...

= Temporary detention of
rainwater

= Logic-controlled water
management

= Highly adaptable design
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BENEFITS OF SMART BLUE ROOFS e

“e  Peak runoff reduction
¥ Rainwater harvesting
2 Evaporative cooling
&% Water balance - evaporation
$  utility cost savings
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= Specific treatment
requirements

= Water Safety Plan

NEW STANDARD

= First Smart Blue Roof in
Canada to be ICC-compliant
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Provides 40,000 L of
rainwater storage

Mon-Potable
Applications

&

| surface area of 344 m2

’\

System is shut off in the
Winter months
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| Max. depth of 130 mm (average) I

Cisling Tiles

| Modulating Control Valve

{ = = =
i | Sustioe e
o T
! ={7 ol i
=fr Grarfim hovia

=[> Rachen Rearedeman

Thurd Floor Sab 7

AlSit AZE 0= =29 EE Sall 20| =2t=1l, 55| Overflow Draing Sall 3¢

82 NEH(E0)S ZEoIH e WS0| N 2d Y & s EME A oYe &

AE)E Sofl RES TG 2422 80 St= AE= BlEs BEeE 4 AU

80 438

Overflow Drain : 22| =27} 28 &0l =Z51H Ueet 20| 20 gXl= A& YAXloks e A
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Modulating Control Valve : &, 37| £= 5712t 22 RAH|2 52 X HGI= Ul ME5h= YE ] (BX : 712 SEaM)

Basement Treatment

(“I_

Ralnwater Harvesting
Cistern

L

*Clean-guts and treatment unit
bvnscess ant shown (For simolicity)

Kot 2] HY2 =S Sl MFAZI= 27| THE 71 ME HI0M L2 SI=0] A B2 100um 2719 HEIE St 4T

o
- == S
Moz AP 2 LESHO| MAEL, 11 = DY BHE|2/0t S 2717 22 LESEO| UVIARIN) X2, F4 A= M-S 7T

80| 413
UV XM2|(Ultraviolet treatment) : 200 nm~400 nm H|2| IHAS 7HK|= XtelME 0|86t M-S dt= A

L A5 1 PAE= S0 EIS510] SHOZLOPFAL(XIOIG A, HOCHS YHSH=E] 0] SOIIZOtFAMO| Meth2M d A3 Bl
0|5 0185101 +=X20|Lt +FHIM MS FOI=E AHBSH=H 012 SE5IH HAAZ0|2H BHt. (EX (H|0[H KA1

=

Rooftop Treatment ]

Suction Line
\ & Discharge Line (to Roof)

= [ =

=> Typical Flow Route

=== Chlorination Line

*Claan-outs and treatment unit
bynasses not shown (fer sirplicity )

SAAML 2| P2 20um 2719 BEIE HA MM 2 7|2 YAE Mo, 11 = 5um 37|12 EHE AN dtide= A2 3
=]

719 YAIE MAH =, UV Mg Set A= kg 3 off S0l MY == 2-gS ARG
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Evaporative Cooling (Summer) ™+

Outside Atmosphere Rainwater (Cooling Medium)
3 5
[ (e
< Roof Assembly ~ Roof Assembly
I T
Coaler Building Interior Warmer Building Interior
| Conventional Roof [ ‘ Smart Blue Roof

Zo| NS2 HYES A= 712 ez HEAA I 22 S E ZF ZH7F UUKXZ, Smart Blue Roof2| A2 S42| 20| E
o 7

O Zd= 29| €& E0t0 tV| S22 7|etel| M0 2z WO 2EE REF= 2/t U

Wiy ietareaiipnet
wmer pLTReITES

CONTROL LOGIC SCENARIOS (EXAMPLE)

Scenario A: Prioritize Offsetting City Water

= Occurs on days where temperature is < 20°C

= Prioritize offsetting city water

= Ensure basement cistern is supplied

Scenario B: Maximize Evaporative Cooling

= Qccurs on days where temperature is >= 20°C

= Prioritize evaporative cooling

= Do not drain roof when avg. water level is less than 15 mm

LIS 27t Q17| R0, SX9 M0 met ChSt 20| ALUZRE 7128 4= AT

« AL A EA BIES MElots A/F2 7120] 20 °C 0j2tel

« ALI2IQ B : ZUS S5t W2t 2|Hal/F2 7120] 20 °C 0|40 &, ZUS S5t H210| RLM2=2/0|22 S49| 2 HiX| Y=CH
2 15 mm 0OJ2Hh
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= -

SIS0 MYM UK %S O] S¢2| ZECR, 0IF 2= BdFK(resin)2 X{2| /0]

=]

QU 249 HH2 PMMAERIAE Q| 5t £F) Membrane22 HHULY.

— OTT,

LEGISLATIVE HURDLES !.__EA_J...

Ponding water for more . Rooftop Treatment System
than 24 hours may cause Ontaria E;gdmg Codle B
water quality issues (o8c) ‘Water Quality Sampling
Ponding water at a depth Ontario Bullding Code Structural Load
greater than 150 mm (OBC) & R
{maximum)

Inspiring change

WA A 2P, S40 24412t 014 20| 104 QO ChSH 478 SR LME 4+ AUCks FHaf 2|45t 40| 150mmiCh 2 2
ERNES = rt

1ol 220 SEES HF0{0f eiCt= 11AAR0] AUt Sma
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PROJECT COST SUMMARY

(T T e S e DY 101,109.00
Design Consultant
Permitting Process

I3

Equipment £ 143,677.66
Systemn Components
Commissioning

s 243,289.82
Construction Services

Construction Oversight

Leak Detection Test

: 4188 : A8
. “*srnart Bluo Toof construction stcuried 5 Mlanewsh wiith roof assernbty replacement - The m added
st OF using PMMA (instead of TPO) fs Fefiected in this cost.

insniring changs

Smart Blue Roof®] ZRIA 24| 21}, 3z TRME HIS A7, &8, 214 2202 L0 MH5|91D, & °f 488,07622{7} T

offt= AE & == AUNLE HE 7=t HuAS T
JUXe=2 Mt 7140|H, 0|2 QI fE 4~ U= 2VHH 2 A2= 7|t = U

OTHER RAINWATER APPLICATIONS WA

Ii

9  Toilet Flushing
6 Irrigation Applications

& Industrial Water Applications

=2 Vehicle Washing

020l 2Vl =8, MY S, AE Y&, 38+ S YT 20101 HEsH0 &

25 4 U= Smart Blue Roof7t At
22 0|HE 7|0t
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WATER RECLAMATION FOR NON-POTABLE REUSE(PLANNING)

Power-to-X As A Driving Force For Effluent Water Reuse In Denmark,
Patrick Campbell, Denmark (127 ZH)

ZH|

MY OLXIZ 0I5l +25 Yot= 7Ie= H6I0] SSH2 2= BH B20Me| ELtasE SHE

=

ret
o

Power-to-X will influence our entire

energy system

‘- 9 - :

il x N
J—
- 2=
1. s
O A ik & AR S| S
SAE MG | fShME ©7| o7 2o 7| 26l E288 =017| loiAl= iRst 20| HQotH, 0l= M7| 25 MH|2| &
Al giX[ol= O EA0|. Ot T~ XHO[EO| Tiet 22 Mitoh| ¢

[of S UHQI SHZMO| 2 4= AU

[y

Hinj39| Erithst S8

HI0IE = 2030E7EK] 6GW2| =M -4 it S DRI AIZI0ICt. OIS 2ol THFet X Ol X| 2010 FAtIL QoM I8 &
ORIt o SHZ EA FR0| SKe HOIC

k]
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Rapid growth of hydrogen production
projects in Denmark

e <
TNty -
s © _o. L]
e - ]
- ® eo
L]

fo| £0| RSIHH(1kg A0l 40kg O A

09

TQ). WEtM 7RG 2 MAHS sl
t. 01 M2lat/| el =2 L0 (Nano filtration)2t RO(SHEY) 71£0]| ALEE

rEELC
and up to total 40kg treated water can be needed when including
evaporative cooling
= .
-1 - P " 0.
10kg ', 1kg
20 to 30 kg 4

ol 27| HIE(LCC, life cycle cost)S S8t SZHIE It : 0l 7| HIE0|2 A|AS | AN HHMK| E= HIE2| ZHS o|0|gt
Ct. 0 7| HIES St =42 &EHIE H/IE Hdst (0 Rt =70|X(T, Z2HE x7| HH A

ALt

= M&o/| oEth= BHOl

S X2 2H| : MR

L

of= tiEs X2 2H7t &=

< o Z5H0F  tAO[CH.
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LCA calculates climate and environmental impacts from "cradie”
to "grave”

.c\ \[;_I'ﬁ

=g of Wy Hraid s Frgrre sed
. P
X y A
ey
U g
: SRS
5 e —
- e gp“
2. 744
T3 44
T 7Hs ORI 28010 ditel M2 S5 H7] 2oliolH 48 difoh= 71&0|Ht BHZ0| 15 Qitt= FHOI A
o= ZH01E
T2 S A0 BRFHES BB oI5t BNl YHOR, BFL0| BRGI0 CIZ 8E40| S JH540] KTk FH0| Tt

Ao 3=7] HIZ(LCC, life cycle cost)

SEHIE F7IE et Qe =70IX|T, Z2HE 7| HAOAME HI0H 25 52| 2X= 215 HE0| 02z 4 QU0

3. 2E

O 4 dis ffet 2 £ S710| Tt Hia- M08 S2d0| HS ARIL U HYet 2 X2 7l Z2HE AR Sof H

HolgE Sot = 88 AMAE 715 7tsds 221 & UM SIS XMl 2H| S SHZsH0F & AT Ot A, 4o 571 H]
pS

LRI 28 B A2 THOIN AbISH= HLIX| BB JHMGH| I3t G177t BRI,
L A XIS A KOIRS 9IS A X1 U 7R &} LRSI,
* MBIE 484 1 K|of FUSO| 4 T0|S0) Chet Q14| T 20| Tesict,
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ADVANCES IN RAINFALL AND STORMWATER MANAGEMENT

Rodney Cook Sr. Park In Historic Vine City -
From Flooded Brownfield To Innovative Stormwater Solution

Presenter : Julie Stein, United States

4.4 ADVANCES IN RAINFALL AND STORMWATER
MANAGEMENT

Chair: Bu Lam, Canada Co-chair: Chiara Lucia Tregnago, Italy

Splitting Rainfall For Sewer Modelling, An Innovative Method Solving Problems Out Of
Box, Li Julian, Canada

Runoff Coefficient And Rainfall Estimates From Opportunistic Flow Measurements And
Weather Radar, Janni Mosekzar Nielsen, Denmark

Revolutionizing Control Systems: Unleashing The Power Of Real-time Adaptive Control
(RTAC) In Stormwater Management, Xuli Meng, Australia

Rodney Cook Sr. Park In Historic Vine City — From Flooded Brownfield To Innovative
Stormwater Solution, Julie Stein, United States

POSTERS

Forecasting Future Groundwater Levels Under Select Climate scenarios In Saskatchewan,
Ahmed Okasa, Canada

IWA World Water Congress & Exhibition 2024 M

I I e
WRIE RLLSCIneS

11-15 August 2024 | Toronto — Canada

Rodney Cook Sr Park
From Flooded Brownfield to
Innovative Stormwater Solution

Julim Stein FTHNV. 5% Rober: Bryant PLA KiCF
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catastrophic flooding

residents:

Flooded Vine Ci
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green infrastructure !.“
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the fountains m.._
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celebration of water m
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Advances in Rainfall and Stormwater Management

Revolutionizing Control Systems: Unleashing The Power Of Real-time Adaptive
Control(RTAC) In Stormwater Management

Presenter : Xuli Meng, Australia

25 AMAIZE K0 AIAEIRTAC: Real-Time Adaptive Control)2 AF2510] TA|2| S 22| 2H|Z SHZASH= Wi Af

ng
H

H HAe 2

RTACZH O =AI9] & &2| ZXMIE oiiZotl A=K

RTACE M22 7|eX 28z, 84 2|2t = AHd 285 dARICE 2Hafot=0| 0] 7= HErMel 220t F-HE HELl UG

w.
5%
=

Revolutionizing Control Systems:
Unleashing the Power of Real-time
Adaptive Control (RTAC) in
Stormwater Management

Unhetrsity of Technelogy Sydney
School of Civil and Emvironmental Engincaring

Hudi Meng

mullmeneS studont uts edy sy
August 2024

TR0 ST
TS g e 08

m..;. . . . ®

S%
Introduction « & o

® a [ ] (] .

» Urbanization challenges: water scarcity
and urban flooding.

» Traditional stormwater harvesting . s o e
limitations.

« Introduction of Real-time Adaptive Controt - J
(RTAC) for improved stormwater
management.

LIS GRS 0ot
TS TEGQSA PIVEDGD

SLCURITY LADDL OFFYOAL . - L .
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The Problem c o = . o
L ] [ ] L ] [ ] °
* Increasing surface runoff due to
impervious areas. "R e
» Limitations of traditional stormwater s o ®
harvesting tanks.
* The need for dynamic control in stormwater "
management. s g
- - [ ]
= oz 24
+ 7|29 24 He| AAER HElole 2H2 FUNOE X2|517 |0 SEGHA| 2211 SHAI7t U=
+ 0|2t Z2 ZHIE oiZsot/| floh WY E M2 2! RTACIH UL,
o * ] L]
o=
=
RTAC Method Overview . o o o
L] [ ] o ] N
* Integration of cloud computing and WIFI- i & &
based systems.
* RTAC's ability to forecast and respond to i & @
precipitation in real-time.
« Benefits: reduced urban flooding risk, .
improved storage capacity. . 3
- . [ ]
SECUMITY LABEL OFFICIaL . [ ] [ ]

RTAC 274

+ RTACE 2219C HRYI WIFIE ZE510] HAZICR 94 F2| NAYS BUEIZSHT Ao

« Ol AMAE2 ZRE KIFof, MY 8= 2olH, 84 Algls 2011 = At

(-
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Methodology of RTAC c o » : o
[} o ] L] °
« Components and setup of RTAC systems. A
» Role of the cloud computing platform.
+ Real-time evaluation and optimization of - 5 e .
stormwater storage. _ <
. . ]
UTS CRe00% Coties
UTE TEGEA PV I06
SECURITY LABEL OFFYCIAL - & - [ ]
W=
1. SHRE HARE EHE
+ ofgt: HIO|E] 7|8l QARZEHOIY| LI20) SRR ZE0| MA YIEYT0M 2EE HOIES BAGHT, AIAR0| SZMOR g
o AR HAICE FHE HSSHTt
+ 7= HAZHOOIH 245 Sdl, AHHSHE OIS0t MY 838 XTI 24+ s 20|11, IS X2 FNE 7tsot St
4 T4 YA 9IS SHsT YEY 29 U AL STE HOIES SALE 7|gto] B0 H2/5l0 MAZH EHS
L3t

2.4

MA HEST

oE U 29, Y, RL 53 LARIOR BUERSY)

71% 1 45 Y2 HETIS AIBSI0] £942 SHEHL, O] HIO|EIS 7RI MAIZH BIS 483 RTAC AIAHI2 RAHOR YIS Al
AZiZ DUEIZSH, 714 $al0] Aopl ST 4 S &

EX) 22971 0SSR 012) 82 WESI0| MY B2 HEOPILL TR Al 57} MY 8YS 44 X
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Key Components of RTAC c o o :
L] [ ] L J L ] .
* Computer-controlled valve. B R
* Pressure transducer.
L] L L ]

» Control panel for bidirectional

communication. : .
« Real-time evaluation and adaptive

decision-making.

] - L]
TS GRaCas 0onar
UTS TRGSA PRY1I0G0
SECUSTTY LADEL DFFICLAL = . ™ a

RTACY| 32 74 4
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SHE = A ettt
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e
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RTAC Model Implementation s B = °
[ ® [ L] ]
= Application in different urban catchment S e
areas.
« Benefits of coordinated management of - - ®
stormwater storage. ) .
* Examples of deploymentin various building
types. . . - -
. - [ ]
UTS CRR00S 0ot
LTS TEQSA PRV 12060
SECLSITY LADTL OFFICEAL & . - »
RTAC 22 15
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RTAC Storage Calculation i w8 ; °
'] [ ] o [ ] o
* Introduction of the recovery capacity factor i B B B
(M).
« New mass balance formula for RTAC. " ¢ & @®
* Calculation of recovery capacity and its ) "
impact on storage.
. - [ ]
STERITY LASTL OFFICIAL . . L) L:!rtmmv-‘em

RTAC X% At
2 WS 2 FY TAS ABSI0 XA 2TYS HABICL SRS ARt HS0| HS5HK| 23 HIZSH0|D
: E

« MEXO| s
[MerRCt. W2t RTACE B¢ 8% AS(M)S S HEXQ! g 2ot Jidsty,

RTAC A|ARIO| SZf f4]
« 3T 2E2 AF7tsot. HA 2R HE2 2 AEHUA olds=

° 953

%] 22 YE5H| ol K4 |¢$|§ fArSH= B4 DIXI2IO2 B3
o
=

G

I:

o
=
M0

S3ICL. IS0 X4X 49 5 U HMS HHsH
| I

UCH HYTHOA = HEZ0N 22 WE}

[7,} & . L .
5%

Conventional StormwaterStorage . « A °
Calculation e e e . .

= Water mass balance formula.

* Factors influencing stormwater storage:
inflow, outflow, and change in stored water N e
volume. . .

* Limitations of the conventional approach.

UTE CRCTS Cot T
T TDGA PRV 17060

SECUSITY LAGEL OFFGIAL = - [ [ ]
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Benefits of RTAC

= Enhanced flood risk management.
» Improved efficiency of stormwater
harvesting systems.

= Insights into long-term stormwater trends.

SECURTTY LADEL OFFICAL

LTS (RS Crne
UTETEQSA FRVLIOGD

RTACS| O|H

+ RTACE Htefet =A| B E0M d8HC 2 FoiE 0] Redlt &

FQ 01, 2AIZLHOIHE 7Ete=z B4 fgls S 2. =+

HIOIHE MBI

+ BRI IS S8 CHaA ATHED, RTACE EA| B4 AlAS

oo

A ettts HoM gES XIH

D o
S
Case Study: Brisbane

rainfall event.

* Real-time management and storage
optimization.

» Impact on urban drainage system.

SESURUTY LABCL OFTICAL

* RTAC model application during a 34.1 mm

. L
L] L]
L] L]
L ]
L]
-
TS CR00S CotF

UTS TEQSA PRV1LFOGD
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< Available
- capacity
F1 Beforestorm’ Storm weather ' After stonm
P Rty EEEE e e o
E e sewsisiing
< : Available :
capacity =
M Before storm’ Storm weather ' After storm
Water storage performance of individual stormwater storage facilities in the (a) conventional model and
{b) RTAC model during very frequency rainfall events B
1¥
SECUATTY LASEL OFFICIAL

[ ArI

* RTAC7t HAIZIC 2 Z2 HIO[EIE S0l MY B3 ZX3I0IH EA| = AIABS| REHS S0 A7 AL
* RTAC= 0[0] 02 =A| XM HSHO 2 FoiE0f TSt BIE MY TS VA 22510 AlA" 858 SeA7| 0 ULt L8
ME &8t 227t Uels S0 RTAC AIAES HAESH MRS AZ3UE=E, 0 MH0IA RTACE BIE2| dAI 58S Sall, M
2[NSt TA| 4 AJARI0) e AEZAS Z0|= G0l 7|05HRUC
© FAE, YYE H MY TS0l RF HE JHsoll, Sol SlE MY S¢S 82X AYC2M S5 Agls F0/12 F7 1M
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L] L ] w L]
N o = »
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Future Implications e o o . °
L] L ] ® [ ] e
* Scalability and adaptability of RTAC. T R
+ Potential for integration with other urban
infrastructure. A L
+ Long-term benefits for sustainable urban . =
water management.
. - [ ]
UTSCRGOD i
LT THEQSA PRVIOED
SECURITY LABLL CFFICIAY, . L] [ ] [ ]

RTAC?| 0|24 7tsM
* RTAC= = 7Isofl tefet A 280 HEE 4 Q.
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Conclusion e ¥ & @
L [ ] [ ] L ] L]
« Summary of RTAC's advantages over L BB B
traditional methods.
* The significance of real-time data and Ll
adaptive control. : .
* Future outlook for RTAC in urban P ’
stormwater management.
- - [ ]
U e rzoRa
SECURTY LASTL OFFICIAL - [ [ ] o
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Designing Tools to Optimze Community-Based Wastewater

Remediation of Pharmaceutical Contaminants

Presenter : Vanessa Maybruck
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= Novel enlity regulatory approval (8.1 years) outpaces

environmental regulation (often 25+ years).

DESIGNING TOBIS T lirlm.'i'l' IE c'nnisnaur_j-ni'_-

bt ab ol 2Bt Lt b B8
ERCO N e R
Time from application o approvel (years):

HX, O2I2SHAM 00} sota "N AA|(Planetary Boundaries) T2 AT 2 ARBHEZIELICH 0] ZHIF = 2009H0| HS
JHLERAD, T 0|12 O ZA7} IRI=RASLICE 2 J7|EC= 97 B & 6717} 0]0] IEtE SELICH £3| 5ot M A2
MZE ZXiZ(Novel Entities) 83210, 0] HE= HASH| 0122 MER2 S2S0| HF HEA L= Q0 ZA7 2S5t SEfY
LIC.

126 TR SA SAOITIAR



IWAWWCE 2024

MOTIVATION

= Pharmaceuticals in the environment:
Pass through conventional wastewater treatment and challange water
rause facilities
- Contribute to inequitable distribution of contaminated waters
- Pose adverse effects to ecological health
- Display unknown mixture effects at low concentrations after human
consumption

T

BACKGROUND

|

Pubbosters in eachyear

= Qcecurrence of
pharmaceuticals in
wastewater has been
widely studied (312,481
studies since 1975), but
occurrence modeling has
been limited mostly to
European studies.

/
/]

B i
FALEREPRPELLEPERES AP ESEE

e

SRR RN

O|oFZ 0]l ChaH 0[0F7[SHEAIR. Ol= AZ2IU=(FDA)0| A4ES S2I5h= Ol Zal= AlZk2 & 81|, O]= Q1 Al=8(Safe Drinking
Water Act)0llA PFAS 22 QeEES 1H[Sh= Hl= 26H0] ZRELICE O|X2 2IofE 0| HECH M HEA O|20X| A&
Lict
fal= 9oF0| &30 0|Xl= Fes H L1 AU AAFZ2 7|22 Wi X2| 1ES SotH, 0l= 50| 222X 21X K|
HoIM = MAIBO 2 HAZS ZeRUCt Eof, AHE0| BE0IAHL Q171 M2 XY2 7|1E29] Hia= M2 M8Y += AN 2E5E =

HEILICE 1970 O|F 2 2JOFZ0| =4 & ZH ME0| FYXQI JE2 0|TICh= XS YL AU, K4T5| 0245t A4F=0 =& ¢!
A 0™ F&2 0|X[=X[0f CHollAl= Befo| PA| ZEfLCE

A
BACKGROUND = OBJECTIVES e

« Current occurrence models miss technical and social factors.

Non-prescription sources Pharmaceutical cost

Temporal variation Prescription insurance coverage

In-sewer processes Demographic factors

Removal efficiency Geographic location

Develop SeweRx to predict pharmaceutical occurrence in
reuse waters in the United States.

Synthesize public data into the PharmUse database.

Predict concentrations using the PharmFlush model.

Compare PharmFlush output with experimental data.

o ¢

Sewe Rx
9 ' An R Shiny appl

1.
2.
2.

Mz D= W HAB L= S0IM 2UdF9| LS tI=0k= S2IAH0142! Sewer RXE /i SYUULL 252 50| R+ HAOAM &
&f2 DXz QIS0 ol HB=E UGS OIS 2ol CLiefet SS HI0|EIE S&{ot0] Farm Use C|O|EH|0|AS 5341, OIF 712t
©2 Farm Flush 22S Tl 2%E =8 HEAsH
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PharmFlush MODEL PharmFlush MODEL

= Computes most likely number
of prescriptions ina
sewershed of a given size.

= Calculates mass load and
concentration for a sewershed
of a given size.
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¢

COMPARISON TO LITERATURE FUTURE WORK

Over-the-counter avaliability

]
100 B ;. »
_ Organic funetional groups @
L
_ In-SEwer processes ¢
- Treatment efficiency \f ‘E
’ &)

: ll ‘
.l - Pharmaceutical cost and insurance coverage
; ~ELhes PharmUse PharmFlush

- Demographic factors
ff foff Apply this same approach to other organic contaminants.

‘& Pharmacausical

’ = Incorporate addifional data into PharmUse.

CMMM

g
armFlush B I Meaured

Ol=fet M2 E2 HE 77| LU= HEE +~ U2, 0|2 Safl thyfet HIO[EIE &6t M= 4 AU 250 ZHE 0717
X0|H, EZ20[ UAIH AMEX]| AT UL
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Designing tools to optimize community-based wastewater
remediation of pharmaceutical contaminants

VG Maybruck®, CB Mansfeld(**

*Environmental Engineering Program, University of Colorado Boulder, 4001 Discovery Drive,
Boulder, CO USA, vanessa.maybruck @colorado.edu
**Environmental Engineering Program, University of Colorado Boulder, 4001 Discovery Drive,
Boulder, CO USA, cresten. mansfeldt@ colorado.edu

Abstract: Due 1o their stable structure, pharmaceutical contaminants are difficult to degrade during
wastewater treatment. Consequently, these contaminants often enter stream and river systems, where
they may adversely affect aquatic biota and public health in addition 10 challenging equitable water
reuse across different communities. Previous studies have used prescription data to predict which
pharmaceutical contaminants will be present in wastewater and inform better management of these
contaminanis. Building on this, the present study takes a more holistic approach by developing an
open-access database that incorporates not only biological and chemical factors (such as
biotransformation reactions) but also social and geographical traits of particular communities and risk
parameters such as toxicity. The database will serve as the set of predictor variables for a new machine
learning model that will refine current predictions for pharmaceutical contamination in wastewater.

Keywords: pharmaceutical management: water reuse: risk assessment

Global pharmaceutical consumption continues to climb every year. Since 2017, global
pharmaceutical revenue has increased at an annual rate of 5.8%, and in 2020, 6.3
billion prescriptions were written in the United States alone (Gonzilez Pefa, Lépez
Zavala, & Cabral Ruelas, 2021; IQVIA 2021). Such increasing pharmaceutical
consumption is necessarily accompanied by pharmaceutical excretion. Since
pharmaceuticals are designed to be stable during medical treatment, they often do not
degrade well during wastewalter treatment and enter aquatic ecosystems in a bioactive
form (Zumstein & Fenner 2021). Consequently, organisms in aquatic and riparian
ecosystems experience adverse effects such as bioconcentration and biomagnification
of pharmaceuticals, disruption of important processes such as primary productivity
and cellular respiration, and chronic toxic effects such as reproductive disorders,
oxidative stress, and locomotive disorders (Richmond et al. 2018; Richmond et al.
2017; Hejna, Kapuscinska, & Aksmann 2022). Additionally, pharmaceuticals have
been shown to travel downstream far enough to enter drinking water treatment plants,
where they are not always removed efficiently (Rodayan 2016). Furthermore, as
climate change continues to drive water scarcity globally, wastewater reuse, including
direct potable reuse, is becoming increasingly necessary. Pharmaceutical
contaminanis challenge safe direct potable reuse and even pose a public health
concern outside of this context: for example, chemical traces of antibiotics and
antidepressants have been found in tomatoes, cucumbers, and potatoes from farms
where treated wastewater is used for irrigation (Mordechay et al. 2022).

Much of the current work on pharmaceutical management relies on
scientifically-derived solutions, such as the development of new technologies or
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chemical treatment methods. However, Wahler et al. note that these solutions have
yet to effect significant changes in pharmaceutical contamination and advocate for the
inclusion of alternative societal solutions, such as by prescribing pharmaceuticals that
have fewer environmental emissions (Wohler et al. 2020).

Previous studies on pharmaceutical management have focused on using
prescription data to predict pharmaceutical contaminants in wastewater influent and
better inform treatment strategies (van Nuijs et al. 2015; Jagadeesan, Barden, &
Kasprzyk-Hordern 2023). However, these studies are limited because they are either
on a small scale (~10-30 pharmaceuticals), or are specific to the United Kingdom or
Europe and not generalizable to all countries, which have varying levels of data
availability and transparency. Furthermore, existing studies exclude social and
geographical factors, which are relevant to pharmaceutical consumption patterns
(Wohler et al. 2020). The present study also seeks to predict pharmaceutical
contaminants in wastewater influent, but, in contrast to previous literature, this study
includes 278 pharmaceuticals, is applicable to the United States, which lacks the
spatial resolution of healthcare data in Europe, and takes a more holistic approach to
pharmaceutical contamination by considering social and geographical factors as well
as biological and chemical factors. More specifically, this study merges many
disparate data sources (U.S. Agency for Healthcare Research & Quality Medical
Expenditure Panel Survey. enviPath, CompTox, OpenStreetMap, and U.S. Centers for
Medicare and Medicaid Services Data, among potential others) into a single, open-
access database in the form of an R/Shiny web application, which includes such
information as number of prescriptions per year, daily pharmaceutical mass consumed
(see Figure 1.1), biotransformation pathways, toxicity, and cost and insurance
coverage per drug. While testing the predictive power of this database remains a
future objective, the accuracy of the pharmaceutical contaminant prediction will likely
be refined by the inclusion of these additional factors unaccounted for in previous

literature.
Top 20 Pharmaceutcais by Daiy Mass Consumad

Lot

M

W aovcioar
i Beksiirn
ool
Lonartan
AlTREEIn
Aol
S e
Tramaadnl
e

VS —— ﬂ..'lIII‘

4

% of '-l..ﬂ-llﬁ'rmruma:llmluﬂ
Figure 1.1 Sample output from the database for daily mass of pharmaceuticals consumed.

In the future, this database will be adapted to a local scale for communities
throughout the state of Colorado to account for differences in pharmaceutical
consumption between communities. Together, these databases will be used to train a
machine learning model to predict pharmaceutical contaminants in wasiewater
influent based on both pharmaceutical and community characteristics, which will
support equitable access to safe water reuse across communities.
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CIRCULAR ECONOMY INITIATIVES AND APPROACHES

Activated Carbon From Hydrothermal Carbonization And Chemical Activation Of Corn Fiber

And Its Performance In Contaminant Adsorption Using Rapid Small-Scale Column Testing,

Mitchell Ubene, Canada (Room 714)
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Activated Carthon from Hydrothermal Carbonization
and Chemical Activation of Corn Fibre and its
Performance in Contaminant Adsorption using Rapid
malt-Scale Column Testing
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Water Quality Standards, regulations and economics

Maximising the value of smart metering : The case of Canal de Isabel Il

Presenter : Francisco Javier Fernandez

& :

Canal
de Isabel Il i
Maximising the value of L
smart metering.
The case of Canal de Isabel Il
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Water Quality Standard, Regulations And Economics
Cyanobacterial Bloom Management: Technology Performance &
Optimisation Assessments, Arash Zamyadi
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WATER RECLAMATION FOR NON-POTABLE REUSE
(TECHNOLOGY)

Expanding The Application Of Reclaimed Water In Non Potable Activities Within A
Domestic Household, Sayani Halder, Japan (121% Z&

ting infrastructure alone cannot solve the world’s water crisis

Results for Estimate for
Global Water Supply & Demand Balance FY2020 FY2030

s By 2030,

! 4 _sann 4 0 ?/ 34.5 Billion USD 52.06 Billion USD
< » | bt o deficit coverage™ deficit coverage
| (~40%) : g .
Y. of world's
population growth  Chim: e..n » popuiauon Required
yle chang Water peliutio will be under cast/year
L = — = water stress .
o - il 42,01 Billion USD™ 4077 Eillion USD
ALY
3] o
e |'. i

« £ 8E 28 2030E7K] ™ MA Q172 40%7t £ RES FEE AR OAECH
olmet LSot 1 U S HIEEH AT FRIF0A QE2te] =257t ZAIZt 1 QQH, QIF AR Qo £ S5 HIE0| ¢S50t AU
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on
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o CHTE2 QIO BHA| - =AM = tHrR Q1T 2t/ REOHA|TH Q157F KA 2 akE X F0fM= ArtE 24 AIARO| H Zgfoltt.
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Solving World's Water Crisis with Small-scale, Decentralized Infrastructure

(FArqe-Scale)Cenftralizedlnfrastricture] ISmall:scaleibecentralizedlnfrastrictire
The water cycle in each home

Requires axtonsive
waler pipd network

Difficult to adapt to population change;
vulperable to disasters

Installation Time/Cost
Environmental Impact

C|O[E] SEHA

i=3

<J|E EE

e

\ fon an ainienance of Water Treaiment

Conventional Water Treatment WOTA's Core Technology

Human-dependent O&M _ Autonomous 0&M
X e
SEESR Qualitative, 1. loT Sensors
2 - based on senses Small sensors decraase costs by 10x to 100

Decision
Making

Feedback

2. Algorithmic Automated Control

Our machine-leaming afgornithm optimizes ang automates
contral based on data from our Eensors

Experience-based

Knowledge
accumulates
in individual

W\ . :
1 B = N employees
Wyt wl |

© Al loT: HAIZHIOJE BLIERIS Saf AIAEIS RIHO2 T2lg 4 900, XIMZ SY0A € BH2I5tn 0jxat 4 UCh

HEO| @

3. Data Ecosystem
Our alganithm ts constantly updated based on data from all
of our devices
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Water Safety

Framework for Holistic Approach to Water Safety for SSDWRS

ntal Expasure
ssment

Unigue challenge/ opportunity
for decentralized systems

1. QUH £ JHaccidental exposure assessment)

Water Safety

1. Accidental Exposure Assessment

Of it

r wse of 200 Uipersonlday, 39% is used for bathing, 21% for loilet, 16.5% for kitchen, 15% for laundry,
Is, and 1% for drinking. Accidental ingestion is estimaled lo be 0.42 L (approximalely 21% of lotal
won). Since there is significant exposure, QMRA |2 considered for risk assessment

5 Exposure Amount per Freguenc Fregquency
£HOURER EAICAIE ReEnNt ;:: ay sErving [:':Lr [I:m:s-",-ea?:j I:lm:ﬁa'un',"]
Accldentz] ingestion oral intake 50 3635 1
Accidentz] ingestion oral intake 20 355 1
Matural exposure during the act (droplets) eral intake 20 1825 5
Accidental Ingestion oral ntake 10 1 1
Used in cocking and intentionally ingested aral intake 160 1085 3
Expasure from waler on food during the act oral intake 50 1085 3
Exposure from waler during dishwashing oral Intake 10 1095 3
125
Watering unintenfional | ‘Water exposure during watering (exceptions) aral intake 100 1:
Water exposure (splashes) whenusing a
1ing unintentional wazhing machine orgl intake 0.0 365 1
unintentionsl Exposure from fushing the foilet (droplets) oral intake 0.00003 1088 =]

Tolal consumplion. 42001003 |

[

slprs SETE MEOH| L HSEF2U MEHH, 2l AZ0| [HE RUH 52 FIIBH.

2. HeEA MA

[¢]

Quantitative Microbial Risk Assessment (QMRA)E 7|80 2 HYH M7HE Lrlol, Y= L =2H| 70| =211

r
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ed for

ab Scale Validation Test

argel (Design) LRV

& - —— Required by CA IFR
——

Totisl LRV achimpod of wach gathogen
o

Virus Glarda Cymptospondum  Bactena

Patagens

B Chiorine 8 UV 8 RO % Czone » MFmembrmane  Biological Treatment

ling Process: Microbiological LRV Targets sel according to existing guidelines such
se by National Blue Ribbon Commission®.

T AT

3. 22121 BUEE A 202|F 7|8t 01 BX|

Water Safety
3. Online Monitoring & Algorithm-based Anomaly Detection

Anomaly detection in time series data

Autonomous L Anomaly detection in Filter .  Process: Process Integrity
Control for Water Treatment Performance (I3 the process operating normially?)
Automation of anomaly résponse
Direct measurement/ End Result: Water Quality
Indirect estimation {15 the supplisd water quality safe?)

Examples of Anomaly Dciécﬁon

Target Process | Anomaly Detection System Response
Water | (ANl Processes) 1. Water level 1. IF sbnormal water level is detected, water pump for target process is
Quantity | 2 wWater pump fadluse stopped,

| 2. If a pump abnormality is detected, water supply to the target process
Is stopped. Professional operators then will be assigned for pump
repalr andfer repalcement.

;J:m:r I Membrana 1. Membrang wear monitoting 1. Performance of filtration capacity is monitored remotely, so itis

Quality | Separation 2 Membrans damage passible to change filters before complete stop of system is requined.
Process datection 2. I wear of membrane falls below limit suddenly, water supply is

stopped.
3. If membrane damage is detected, water supply Is stopped.
Disinfection 1. Residual Chlerine | 1. 1l residual chlorine feve! falls bielow Himit, water supply is stopped
Frocess Conceniration |
WOTA S 11
il g o= = AO S = o ==
QUSX5S 7IHC =z o 01 K| 7|55 2E00] HAIZE 2L EZS ZIdlisitt.

4. H3XI2| QTS flgt +F Al
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| Water Safety

4, Thlrd party Survemance of Water Qualriy for Chemical Safety

Hamay Mets s Vyztar MTeshma)
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SEwew =Bty = Cyande i i cyacidy chiordé
= §ienam and £3 componds = Lead sng B3 compondh
~iuenisand &3 earpaunds. - Tevachied'ere 3 roe

Petreg (Nreegan) v, Quidesng Ve (Tothsna)

@ Nl i AGgen B AR v frirogen
= Gukde’ira Valus

Ameunt Sitected
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DU EHAE

Social Implementation - Phase 1
5 Sites Around Japan with Multiple Units in Operation for >2 years

Pilot Projects in Site#1 SElyo Site##2 !Iyo Site#3Imabari

Rural Japan s g

(Ehime Prefecture)

Community water supply Community water supply Water supply
Johkaso (septic tank) Johkaso (septic tank) Johkaso (septic tank)
2 adults 2 adults 2 adults and 2 children
- Farmer Ward Mayar,
Resident profile dnacaae Uf:: m{"um'r water former manager of community Cowarking space managor
PR water supply

Currently, standardizing installation and confirmation of specifications for mass production

c Y S EE TG0 DU EAES T SO0, Ciet 748 T2 S eI,
HE ZZ &1

+ HIE ZZ : S|2AIDI0IM AEE Solf HIE 2 2UE YSE A =0l
© MR HAE NS HIEO2 URE [ H [HHO2 St 0O

- 7R vs AT Q1E2L HEADINE U2 5 BES AAH0| K251, 917 24 XA ATFS 2MS

olCt.
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DIGITAL LEAKDETECTION

Repair Leaks ASAP - Digital Tool Focused On The Strategy To Reduce Non-Revenue Water
In Porto, Ricardo Ferreira, Portugal

0| YHOIAS 282 220| 2ol 45 SARI ADP7} LS CIXIE S0 i3t LHBS CHECH 0] T m28y n2so)

CE
= OfAE 30| U202 5QFH 2 AHMS H2|ot R4 2 (hon-revenue water)E £0|7| ol TFEHFLCH

AL
£ oliZa| ?lof ADP= &4 5! HI0[H F2| Z2MAS WEHCH, Ciefer Ya12|5S AME0t0 4= HI0|EIE EAol, T0|2o| W
H RS BIIRIT. 0] =719 F1oiE Soll ADP= HIER/ITMA ZHIS 20%E Mot Ol §8UH, Y2k F49f 22 JHM0|
71048t o2 7|y EC

ADP= 20174RE 29 e EMZS AEdH HI0|EE +EJ2U, 2022E7HK| === HI0[EIE 2H= 80X Z3HH. 0] 2A|
E

-

IWA World Water Congress & Exhibition 2024 ree. R
= MY A

Wi TR

11-15 August 2024 | Toronto — Canada

Repair Leaks ASAP — Digital Tool
focused on the Strategy to Reduce
Non-Revenue Water in Porto

R. Farrairs, 5. Garcia, F. Ol

" inspiring nhhnﬁu

UE H=2 ZAx YR

M= Z|CHEH HEA| = 2| - LEEO| P40) 22 A MU0 ZHE HF COXE &7
ARt R. Ferreira, S. Garcia, F. Oliveira
« 2201 22KNon-revenue water, NRW): 20| MAZ|QOLE T Z0| DZHO|H E2517| Mo AAE 2
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INTRODUCTION
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sl (mtarnationa
WEIET SEENEISTN
”ga i i
o Largest Waler Ulility in the Morth of Poriugal
£
NRW 3 par Year

Introduction : ADP2| &gt} 24Q]
ADP(Aguas do Porto)= Z2EZ S8 2|tHe] £ 3|AIZ, TA| 2 8 MRS H2loh= 22 BEoID UL & 35, T X2,
o

o
H Meld, Sl H oIS &elotal AT 24D E HH o/ X|g= NRW7t Z4dk= Zs & & UM

Tool’s ORIGIN

Porto's Water Supply Master Plan

. : . @
—
® VALUE
VOLUME | Worth of Data |
Arnount of a
s VERACGITY
Accuracy of
: Data
VARIETY
Divarsity of -

el . TIME
speed of Data
Generation

+ ADPE X% At3] LA 22 2 XI47t5 1SS =

+ 0 £ F2E0| 2 OIAE B0 523 74 QARM, ZH?

- CIS3t EIOIE RS 24017, CIOJE| e U AICKIS BAISHD, AREel J1RIS 71 Hl0|EHS Mefoks 20| S2ICH ZXFIL,
S| PS X
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TOOL PIPELINE

1 1l intermatisesl
water gps0cisiion

‘s
[V]

MULTIFLE DATA EXTRACTED

B Coordinalos (3 lypos)

B Wrong info - Data Troairmoent
B GECREFERENCING TO THE GIS 1D Pee

B Owew B50 oM OF WATER SUSFLY NITWORE

& Ovn Bo0K RocsTies

ArcGIS
Canahirroncing I Bna

"Noh suapeg
D= acta=ation
Frocoss impl

Tool Pipeline : ADP2| GIO|E{ =% X 22| 4], GIS ID L0|Zo}o| A
ADPE 20175 2 2] ZAZS A3 HI0|EIS £TOLE, 202247HK = HOJEE ENHOR HR5HX| 2T, 0] 2A|
| GOIE] F2| ZRAIAS HUSISICE

£ ofiZsty| flsi ADP= e =
ADPLE= 850Km2| 22 FHHaH= GIS ID IF0|Z AJABID} =2 H|0|E{Z HAH510] 2|5},

=PN|
2]

(L

REPAIR LEAKS ASAP TooL s U
: = N WA
anfemiT ey o Iuplll:t Mﬂ“‘. w bty - =.-l-.m_
A Lar Loal Y

~

s o PADES AFFECTED ~ ARD TS GIS D5 2

Mo BF LEaus Hatomy 1

PEmOO OF EVENT 3
Mk STREETS ASFECTED

BxacT PE LENGTH LOCATON §

ESTRAATES INTERVENT:ON LENGTH DASED B
G ALGORNT M
IETANT EXTRACTAR: & SERDATS

PCAWER OF ANALYTICS INCREASED

SouG DATABASE FOE

* ADPE thetr & HIO[EE

2UHO= XFfotil Heloty| s H0|E MYAE A
 ADPY OX|E B+t LhYet H1e|ES AMEol0] LIERISE DIE T2 24611, 0| 20| B2 +40| JEUBAS /eIt
Ol2fet 1215 Sot0 S XN LYsts w4 HES 246t oy X|%2| I0|ZE MNXH= E= BR2HO2 WAEA|
TRt 0] =517t 2IE 23FE Wels A2 O, 7I&AS0| HI0[HE 2ot 2E oM 2FE Wels l =83 F= XOIT
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RESULTS, CONTRIBUTIONS & FUTURE PERSPECTIVES ey v

y |

H
E

@ wrspuiming il © ===~~~ |

Por!ollunp omproitada =angoing

cantinup para renova, Yirdy  EONURCUIC repSic and replace
2 Eritical water. i nins

ol ulldmetros da Bondutp

"aﬁmpdumanum 2 B Acceleration of the decision-making

. il process: 55% of the total length of pipes
renewed in 2022 happened in 28% of the
year, after implementing the tool (Oct-Dec),

-

intervened mains and the NRW reduction;
B On-time identification of critical assets:

B Contribution to increased ROI ;

!L!;Ltl!d!ﬂmj_' . )

Results, Contriutions & Futer Perspectives : ADP2t =31 A|2F Z1}, Oj2j 2+

2022 | 2023 NRW % mmmp 13,4 ] B Direct correlation between the

e
5 ' t
1@ 1

+ 0] 79| 73 E420 ADPE F3 £ XS I, £7 ZUES J|HOZ QN ZHS & 4 U FUCH ADP

tHES TO|Z /HE AZC 2 O] =+12t9| A2FS MIZoHALt

* O] A|2f2 2022'A 1 2023'A9| T4 2 JHM0| XEHC 2 7|GHUCE ofHO| 2HDE BH o7t 245 FAKE=ES

T T T
£ Uol 40| 220 ZAGHE 22 2 4 UL,
© OIA TN TYO| I SRS MBS 10~1289 IHTIO) 202210) TR[BH O|LO| 55%7} DHIEIACH
ol
o)

« EXIXH22E(ROI, Return on Investment) : EXAFARS| O XH EXI2 Qlof H0{EI 0|S LT
=2 FARRE £EE2 FXAPLEXH|E | 22 YU W= SO|Cf - TISH Tk

[y =

RESULTS, CONTRIBUTIONS & FUTURE PERSPECTIVES reia AW M

6o Inteinativaal
wator adsocinbien

o

B EVOLUTION OF 30 MONTHE

B CLsarisficos oF 207 PROBLEMATIE
RETWORR SITES

W 38 CRITCAL FRS

2700 K REPLACED S RENDWID

0 ADCITIN OF NOW DATA PERIOOICALLY
B IMSTANT ACTIHG TIME

0 COMPARE AND ANALYSE WITH HESTORIC
DATA

L o=
= o
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Results, Contributions & Future Perspectives : HIE®3Z 2X™ sHZat X[&Z21 HI0|E 24

- ADPE= G712 AIR510] HIET0M LASH=
« ZZPEQI B AIZHDL T1742| HO|EE Blmsh

EA06I0] =17t X Ié EEWIE%—E— {511 H|0|ESI.

. by WA
et

‘wator azzociation

(% ricardo.ferreira@aguasdoporto.pt
@ linkedin.com/in/ricardogentil/
e +351 934440035

HHE Z2 U =7} 29| OHY

recardo.ferreira@aguasdoporto.pt
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Cloud-enhanced Pressure Management: A Digital Solution
Towards Resilient Water Networks, Krisztian Mark Balla,
Denmark

(ERE

=

4 global challenge:
Water management

3
R

|

45 million m?2?

of drinking water are lost daily through
water leakage in the distribution networks

=enough to serve neary

200 miillion people

= Sacurea stabie water supply for end users
= Avoid plpe breaks
* Reduce leakages

* Reduce operation costs

G, (ko Wi ! Wmror 30017 06 oottt s s ety et s g 10 MEW]

Demand Driven Distribution o

1H
I

Install

+ Pressure sensors are installed at critical points to detect the
actual pressure in the network

Measure

* The telemetry data from the pumping stations and data from.
the pressure points is collected

Learn
+ Consumption patterns are kearned from the supplied flow

. Felaiﬁnﬂmn.mmnm;tﬁm and pressure point is
learned

Cantrol
+ The coetrol algarithm agiusts the netwerk’s internal pressure based
on the waler consumoti e pressure |osses in

¥ or1 by compensating § i
{he piping and theraby ensuring to stay clese te the senvice pressure
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Legacy version

Current solution

= Single pump 5

= GSM service fo communicale rermote sensar data

Existing solution on the market (DOD)
Challenges
= Incass of multi stations, high frequency (1s) communication
reduirar betwean the agents
« MISZ Diractive (ELU-wide logislation on cvbersecurity) came
intq forcein 2023

tischarge s
reszare, fow (B,

Critical Pressure
wengor m. loger
(L=

Cloud-enhanced version

Edge functionality

Loca| consumption prédsction

safety feature for error handling
Cloud functionality
= Global cansumption prodiction
= Learn pressurs curve based on 24 boyrs batch data

= Eozure flow ratio between stations

EDGE LAYER 1

Advantages

= Bump agnostic
* Gcalable
+ loT data s persistent on the cloud

Cischange sonsors

ermsaure, flow (pal

pL4

;
I

Critical Pressure
Sene w. ogger
(CPel)

i - & AARCR = &7t S &8 AP £ QLO0, I 4,6002 YUDIHO| A7t REZ Qo 24511 = SHA0|
Lt Ol ©f 29 39 2100 25 S5 + U= YOIt = RE= E0/1, I0|2 OiEs UX[otH, PNl = S8 Bl 2

F HIE= E0I= A0| S2ai.

=X .= 2 AI2H0AN 7ES F0(1 AYHR = S2S BYOW| Aol 22RE V(He R He| R4S Z/ISHIAL SiT. 0]

SRR ¢ HIME dXlot1l, T HI0IHZ AH| IfHS St&olH, UE/AZ | UHS H0ol0] 228X2 = S5 SH= oIt

71Z9 HY HE SRM0A ET6I0 S2UREE 88 U VIS, 2F Ml JIs, 22| HIERIA O S5 HIES ETotks Alx

HO= YHAIZ| 2t Htt
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Methods (1 W

e
Phes = 3 =2
Solution 1 ks ,_‘_\__Clg_uiﬂsoﬂlh_m_ =
+ Data collected over a figld bys network via SCADA o
* SCADA has aceess to the ¢loud algerithm to iransfer
telemetny and collects the satpoint for the purmping stations T -

= smart gateways nsure that contrel s rebist 1o any ..,... fo— Eo;u D‘“” 1 Du
undasired manipylation of data in caze of SCADA Breakdewn l'"-* l“'"* -
et

st e
solution 2 a" ':!-x_ cluu_daigolllhm 3
+ Rirect pommunication between the cloud algodthm and the iy + :
smart gateways. by scapa |
* Drptimal setpoint sent dowen directly from the clowd fo the ) e 1 |

smatri gateways s o [“Srmart | Pw!rp | n.:_ | | el

+ Smart gateways ensure robust eontrol sgainst cyberattacks e

= (EREE I
i Sivwvenit

2. YHE

Solution 1

* CI0|HE BEHA HEXIES Sl SCADAZAI MO X HO[E] =7 A|A—)Z SEBICE
* SCADAE 22RL L1250 Hdoto] 2 HIEL] HI0|HE H&otl, HE AF|

+ A0 70|E4)0]= SCADA AMAR0| UFGSE M H|O[E == YX[5tH Mo2| Meld= E%%MI =

Solution 2

+ SURE YLI2|E0 ADE H0|EQ0] 2te] 21 S412 Sl BI0|HE FnR=Lt.
+ Z|X9| BFU0| ZFAHRE0IM ADLE AH0|EY0|2 21 HEFLC.
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The Management Of Urban Storm Water At Block-level (MUST-B):
A New Approach For Potential Analysis Of Decentralized Storm
Water Management Systems
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The Management of Urban Stormwater at Block-Level
(MUST-B): A new approach for potential analysis of
decentralized stormwater management systems

Ganbaatar Khurelbaatar®, Manfred van Afferden®, Daneish Despot*, Maria Chiara Lippera®,
Roland A. Miiller®, Jan Friesen™

# Centre for Environmental Biotechnology, Helmholtz Centre for Environmental Research GmbH -
UFZ, Leipzig, Germany (ganbaatar khurelbaatar @ulz de, umus.;l..:ﬂudmﬂn&.ds,

jan.fricsen @ufz.de, roland. mueller@ ufz.de)

Abstract: This study presents a new approach for estimating the potential of the Management of Urban
STormwater at Block-level (MUST-B) by decentralized blue-green infrasiruciures here called Low
Impact Developments (LIDs) for already exiting urban environment. The MUST-B approach relies on
dividing the urban areas into urban-blocks as smallest functional units and then simulating various
LIDs on individual blocks to retain/infilirate the stormwater. The approach was applied to a study area
in the northern part of the City of Leipzig Germany, where various LIDs were simulated in a
combination of varous soil conditions and storm events. The results showed that even stormwater of a
100-year rainfall event can be fully retained and infiltrated within the blocks on a soil with low
permeability (kf=10-6 m/s), demonstrating the high potential of the LIDs for existing urban areas.

Keywords: Urban Stormwater Management; Low Impact Development; Decentralized Solution

Cities worldwide are facing challenges to mitigate the impact of urban stormwater
runoff caused by the increasing occurrence of heavy storm events combined with
urban re-densification (Khurelbaatar er al, 2021). The implementation of the Low
Impact developments (LIDs) has been proven to be an effective measure to tackle
these challenges in many urban areas (Wu er al., 2020). In this regard, the MUST-B
approach has been developed and used in this study to carry out a potential analysis of
the LIDs to show the transformation capacity of the existing urban area towards
sustainable and decentralized management of stormwater.

The approach was based on the following concepts:

A) The urban area was divided in urban blocks as smaller functional units, which
enables an easy planning of the LIDs as well as simple down- and up-scaling
process.

B) The calculation of maximum capacity of the LIDs aims at minimizing and when
possible, avoiding any form of runoff from and between the functional units
(blocks). Ideally, a complete avoidance of the transport/export of stormwater
outside the unit boundary, e.g. through existing sewer networks or new pipelines
between the functional units, is to be achieved.

The modelling and simulation included two different soils and three storm events in a
combination with the scenarios involving the current situation as well as the
application of various LIDs such as green roof, surface infiltration, swale, infiltration
trench, bio-retention cell, and infiltration shaft for each block.
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Figure 1.1 Simulation results depicting the current sitwation (left) and the potentially reduced runoff (right)
through the implementation of bioretention cells for a 30-year rainfall event.

The results indicate the high potentials of the LIDs for management of stormwater
urban areas. Simulation results for bio-retention cell were selected as an example LID
(Figure 1.1). For a 30-year rainfall event, the blocks equipped with bio-retention cell
show a total runoff of 1,226 m*® within 2 hours for a soil with high permeability
(kf=10" m/s). Relative to the stormwater of 320,466 m?, the scenario shows nearly a
complete retention/infiltration (99.6%) of stormwater with a land requirement of only
6% of the available pervious area. For a soil with low permeability, the total runoff is
3,439 m® (retention/infiltration of 98.9%) with a land use of 15.5% of the available
area. The retention and infiltration percent can be increased through a combination of
LIDs within the blocks up to 100%, meaning that a complete avoidance of any type of
runoff is achievable for the considered soils and storm events.

The results of the study show the high potentials of LIDs in existing urban areas. The
MUST-B method allows a simple down- and up-scaling process for different urban
settings and facilitates decision making for implementing LIDs that reduce the urban
run-off through retention, storage, and infiltration of stormwater at block level.
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Background

Cities E-:\rcrrlmiﬂ« are facing challenges to mitigate the impacl of urban stormwater runoff caused by the increasing
occurrence of heavy storm events combined with urban re-densification. The implementation of the Low Impact
developments (LIDs) has been proven to be an effective measure 1o tackle these challenges in many urban argas. In
this regard, the MUST-B approach has been developed |o camy out 2 potential analysis of the LIDs to show the
transformation capacity of the existing urban area towards sustainable and decentralized management of slormwater,

MUST-B Key Features
MUST-B approach uses lhe Urban Block as the smallest
functional unit for the polential analysis
Avoidance/minimisation of stormwater transport within the city
Stormwater must remain within the block
Easy up- and downscaling process
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Complex urban demand

How can we design and implement engineering practices that lead to sustainable solutions for a city?
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Introducing seawater into urban metabolism: enhancing
sustainability and resilience in coastal cities
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Integrated sustainability analysis

Nexus analysis

5. SEAWATER DISTRICT COOLING SYSTEM (SWDCS) 7|&2| =& XMg

ot
=
r
o
.
o
o
-

-
-
F
r
? r
r

.u.-l.

Saline waslewater
treatment and high-
valued matarial
recoveny

St
=

Al d24aHoF & 29I

(o) =%
=

(EX : Zhang, Z., Liu, J., Xiao, C., & Chen, G. (2023). Making waves : Enhancing sustainability and resilience in coastal

cities through the incorporation of seawater into urban metabolism. Water Research, 242, 120140).
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CASE STUDIES: DISTRICT LEVEL WATER 1WA
AND ENERGY SAVINGS ot
R

# 1~4 Hong Kong (SAR of China)
# 1'-4' Jeddah (Saudi Arabia)
* 1"~4" Miami (the USA)
o # The water and energy
d - vt | savings were 5|gn|ﬁ_|:;ar!trv
+ Y O® T varied in different districts
and in domestic and non-
o ————— domestic buildings
WZ (17 kel @) 1
Zhamvg, . Sate, ¥, D@, J, Chu, B kwong, Daiggen G, Van Loopdrecht, W C M, £ Chen, & (2023} Flushing T '\-L«Hafo-:\g, mﬂﬂm " Seawalid Improve
WalerEnergy Securthies and Acheve Cavbon Mtigatons in Coastel Oifes Esvmnmenis! S. nce and Techoofogy. o 9e LI

Lt SIEY J22 23(0Y 1~4), ALRL{0I2HH[0te] Jeddah X|H(1°~4"), O|=2)
Ot0[0HDI(1 " ~4")S 2| 12t A0 S H3t 7182 ME0IRS T XGE O 4X| "2 £=XIE LIEHA Z0|Ct =9 MO+ E A
o

HEUS O, o= X OfUR ZHE2 X9E, 7HE8 = H TE H20M 2 X018 UEUE= XS =g+ AU

Mitigation and adaptation to climate change in Coastal cities

4 )

: ﬂ Mr saving
™S
-
-
.
-m
Energy saving ‘ -n
P N Seawater toilet Seawater district
e flushing
]

=== T

85, 8f2=A|2] SEAWATER DISTRICT COOLING SYSTEM (SWDCS) 7|2 M Al &A™
(&A : Zhang, Z., Sato, Y., Dai, J., Chui, H. kwong, Daigger, G., Van Loosdrecht, M. C. M., & Chen, G. (2022). Flushing
Toilets and Cooling Spaces with Seawater Improve Water-Energy Securities and Achieve Carbon Mitigations in Coastal

Cities. Environmental Science and Technology
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CASE STUDIES: DISTRICT LEVEL GLOBAL 1WA
WARMING POTENTIALS e

[ = gl mTiry [ weene
.

REOm MEmng pewe
o
E

=

et ekt warTeng el
Ly

I

T Y i A

ar;,'qg @'ﬂii%"m -r?.l\-‘m;‘-r"b"

* Increases global warming potential (GWP) were
observed in the Central and Western, Eastern,
Sham Shui Po, Southern, and Yuen Long
districts in Hong Kong.

*  The Lower Middle Eastern, Middle Western,
Upper Middle, and Middle Eastern regions had
increases in GWP in Jeddah

PR
ek i g il
edation

K|t 23t ZHOM, X7t 23t X|2(Global warming potential, GWP)2| A2 £32| &2 & £H X|90iM= S7tcts d&s Lt
EHHRASH, AFRLIOF=H|09] Jeddah X|H ot MR, S5 52 £ NGMA GWPS S7t g

0l=2| Dfojof0| o AR S8 XIFUA &5 S7tot= S AT HELHA.

ol
0
°
m
=
rr
N
filo
for
©
9!

g0 288

X7 243} X|3=(Global warming potential)

Xt 248t X|2(GWP)= O|&HSIEHATL KT 23101 D|X|= Yakg 7IECR T2 RATIAT} KT 2Usi0l| F&S 0|Xl= HES U
EfH 20|10t 7HE 2471A 1kgll EHAO|LX| E4-ZS O[ASIEA 1kg0| 7HA = EHYOIHX| E+HCE Liw oS T

(EX: U0t X|A{EH})

CASE STUDIES: DISTRICT LEVEL JOINT M
INDICATORS L

# HK achieved the highest water-saving
effects (0.114)

e ¢ Miami had the highest energy-saving
sanm effects {0.528) and carbon mitigation
effects (0.048)

PRRRRRRRRAE 0HIT |

# InHong Kong, Island, Tsuen Wan,
and Yuen Long had the highast joint
indicator.

il
RUHERIIED

#® In Jeddah, Southern, Lower Middie
Western, and North district had the
positive joint indicator.

% All districts in Miami had positive joint
indicator,

il..-v-.r.'gg

022545 & Hilamariers

bdbbeeaiad

O|= Dto[o{O[ <

A STE Sofl Trfet AR EAISO| (2| AIESS H|wet 4ﬂh 239 38% = K2 g,
eddah X|H2| YREZ0M S & |

A2 BE KON Yo & X|EeL 71 52 0fL{X| H2T

T
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LIFE CYCLE CARBON ABATEMENT COSTS 1WA
IN ELEVEN CITIES e

Lt £ i o i e ]
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. E-Ei‘—-«?—“—g e e e e e e
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#® The city-wide adoption of seawater systems did not have uniformly pesitive impacts on carbon and economies.

# Understanding the spatial differences in the carbon-economic dynamics is vital to achieving a balanced outcome.

S| EtA XfZiat ZHE 200l &

Hr

’

8101, EA] TR S B3t 71E0] K80l YEXOR FHHeI
0I5t 4 QUQICE EtA MZT ZALY HOMOIAS RHE S

c o N c L u 3 I 0 N s e imsraational

weaker pEsocintien

& Seawater has potential to provide water for toilet flushing
and district cooling

# This could yield benefits in terms of water, energy, carbon,
and economics

Uran sciance shedty
o /
(T () LS

3 e

R 5
b RS

=

# However, the consequences of seawater utilization vary
across different urban contexts and outcomes can also
differ within a single city

= austainable solutics

@ Comprehensive interdisciplinary research is critical to / Rutue =
successfully implement seawater-based solufions, and

combining urban science studies and engineering » m
expertise is key
— iy

# Seawater may represent a promising solution to enhance
sanitation and space cooling, which could improve quality
of life, espacially in underserved or underdeveloped
regions

ZEHOZ, ofis Heel JIE2 Tt 0| UL =, tUAl, B4 5
= TAl 20| M2t T=0 Za=HY SA HOME X071 AS 4~ UL s
Z

2 7H 170} TR0, TA| Tt A9t ZSHERl K2 XIAIS Htot 20| SAHOICE aas O
o
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Experience of Pipeline Asset Management
The Multiple Benefits Of Asset Management For Pipelines -
Global Case Studies And Review Of Best Practices

Presenter : Mike Wrigglesworth, Canada
RpLt 22lo] 2EolM Kot e Q1mat ©a|ol 524

24k M=
S Q102 Z otQl ‘Mo|Z2tl E2l0fl et HE SFots YHY. Tf0|Z2tQ12 X[t OHE |0 AN =0 20[X| X2, SSAl
ALt 71R10] 8 BE2S Ao i@ St s e IMA &

ASSET MANAGEMENT FOR PIPELINES gm“l-gm

i , i . E-C‘;:s:r-c: dAigiies de Tarragona revisari los 75
= Buried infrastructure is critical to  klémetros desu tuberia principal

IR bt o e AT 1 v e s ) o oy 3

any utility

* Represent high percentage of
asset value

= “Qut of Sight, Out of Mind” ...
until public is impacted

mojZatol 2t2|e] E2d

+ IJO|Z2tRI2 =0l 2OIX| £47| WE0fl CHES2| 2O 0{LE QAT T2fLt TH0|Z2tRI0] TiEE H 2ot Lioh/t L4t 4~ QUCf.

* EZ MR IHUTOIA 2det 2 Do|Z2tol A A E 5o, Ol=iet &7t 2 &4ETH 0L 2t X[ At=lo] = Mgt S 2 S
&= DIRIt Y 2ottt

« Mo[Zefol Iz Qlolf Edok= o= Te=o| WO[XefQl AHOf £ Ol =2 &Y, =2 55

[ )
2 geks DIZIT= A4S O0[0F7 |5k,

=
r
o

[et S22 Qlalf XS At=]0f
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BENEFITS OF PIPELINE MANAGEMENT %

1. Reduction in pipeline failures and
failure risks

2. Optimization of spending

3. Overall reduction in carbon
emissions

mo|Zatol 2|2l 01
- MOIZ 20l &H2|E Solf ¥s

Holc.

M >|E rlr

R RELE SAE2 T0[ZefRl Helo] SQES QAo QU= Z2EHC2 Mo[Hafol #2fo] 2 SHE T[22l IIES
0|2, e|A3IE Z|4clotH, A5 AEE M efct= A0|H.

he Intn rEsliEaE|
WIIET FEERSINTIAN

EVOLUTION OF PIPELINE MANAGEMENT A

1. Reactive Management

]

2. Proactive Management

!

3. Asset Management

React to Failures
Emergency Repairs

Proactive Assessment
Prevent Failures

Look to Future
Optimize Spending

xylem

IO 2tQl afo| Fist

« TJO|Z2tRl el Mot Fge 2 e + QUM 715 HS0 siFots tSX H2|0A — AR G2 IO|2E &2|ok= M1
e — O[2HE ?loh XIZ 2HSE 0|2 Atite|= SgEH

* 9| BSHQ! HZO0HA SHOILE, YO0 AR THSXQ! 2|7} O] R 0K QT
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72} 2dxHe] mo|Zafol 22|

+ 20 FOji= TO|T2IQl B27E 2 0| LM 3 7IToPH (h5ts HAI0IAOL — HIBO| 20| S,
= 59| 2R Z2FS QAIGIAC.

+ SITHE HICHAR TS HOR 2|ATS OIS51T RS WRIGH| 9I3) 25t ICt,

7tS SXI AIZI0] 20|

he imte rnaTienn
WA arenciation

FUTURE-FOCUSED ASSET MANAGEMENT

Optimizing CapEx decisions.
Developing medium to long-range
asset management plans.

Mitigate potential failures,

Leveraging data analytics and
advanced analysis techniques
Enhancing resilience and
sustainability

Assess and re-adjust risk levels
Forecasting pipeline performance

o
150
) 3 .

Collect data on condition of assets

D2l AR 2HE] U K& EIfs)

« XppF 2t2]9] 0|2i= TH4o| CAPEX(AHE X|£)2t OPEX(RY X|&)2t2 12ishs 40| Ot Totex(Total Expenditure, & XI&E)E
12{5t= YAlo = RSt QU
INCREMENTAL INVESTMENT OVER TIME the ntromtona
1 Replacement
cost
[
w
O
o
SAVINGS
...... g long-tem
/ management
TIME
b & Aytem
+ Totex(Total Expenditure, & XI)8 TG WAIS 713 +2/019H OE5IK] 111, H7[A101 Akt 22| HSIE $2I5101 AI2S 5

5} St= U4{0[C
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BEST PRACTICES FOR ASSET 1WA

MANAGEMENT ey
Condition
; : : Ssessment o
= Various regional agencies Water Mains :
have asset management ; ten
ideli / e,
guidelines = M Wﬁ'ﬁ"’:«m‘;ﬁﬁﬁ'
= Standards available for -
GUIA MANTENIMIER
assessment and Y REPARACION

" " 5 ARTERIAS
management of pipelines DE GRANDE

h

=K BE
« IO|Z2tOl 2k2|0)| Lt = M| BZ0| EXHSHH, 715 S0l 53 0l2et H#ES0| YToH0F &2 HEoHAULt
* IO|Z 22l H2|0M XIZ2| Z|H3E & A =HAY 2y HH *

CASE STUDY - SCOTTISH WATER m

= One of largest utilities in UK,
serving 2.6 million households

= Aging assets will double investment = ——

- A o
needed in next 20 years. b‘
= Optimise capital spending by e chaottetl'-Sh

renewing pipelines based on
condition data rather than age
alone.

- -

Always serving Scotland

ATEUE AHE UM 71 2 RELE S ofU=Z, 0|2l 220 AN XIZS Aol Aite] +FHS Ao ol i<
A
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CASE STUDY - SCOTTISH WATER T

= High risk, 15km, DN760
transmission main from 1979

= High risk asset; considered for
replacement at $22M USD

= Assessed with inline tools while
pipe in operation to understand
condition

L

CASE STUDY - SCOTTISH WATER %

= |dentified five leaks at pipe fittings

= Established that the pipeline is in
serviceable condition

o Less than one percent of pipes showed signs ju
of structural deterioration

= Reduce the risk of failure
= Extend life of asset

= Major carbon and financial savings vs.

Hreplacement
e

Al 248

mjo

+ 197000 EXIE 15km Z0]°] 760mm I[0|Z24IS YO 2 SIRACH, AX|2 54 52| 0l= 0] IO|ZefQI2 &2 7
M Ao = B U

Z7| A== 0] TH0|Z2fQlS wi|oh= O 22002t E2{Q HIE0| & A= HEEUCL, ATEUE JE=

JHIE B/ |2 Z2FoRA

212tl(in-line) =75 ARSTH HEf 7t 2t R HERO|M A7t =E0| YAZUX|, X2 Tj0| X212 Yot LEHAC,.

oo|Zefole) #~gs Aok, wHE 27|50 e BIE it H=20, M22 D022l 7180 2ot B HES 0=

S SAC.

2

A mo|Zfolo|
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CASE STUDY - WSSC %

= Washington Suburban Sanitary
Commission (WSSC) developed pipeline

management program ’ ) :

= Maximizes the value of buried assets

= Major savings when compared to capital thﬂh Data
replacement Evatuate | o
i

= Many failures have been averted

xylem

A g512. WSSC

WSSCE Io[Zafol #2] A2ls Soff I #I&S S0/, GilitsS ZXaket WS Aot WSSCe 2 XIS9| IH0|E2felS Ty
OF ot Of0|Zefol He D2 HE EAYCH, A 7IXIE SHSkotl MES UX[SH | s MAKR! 22| &AlS MHEUSIUL.
Al 29

+ WSSC= 20| River RoadOilA] T}O|Z2fQ10] ALK 20| GX|= AiE AU, 01 01 A7IZ iR HTIHQI o[22kl 2
2| T2 7S ISt

+ O] Z2TO2 AMts RU=f(0f Met 2701, HI0[HE +85t0 0|12 B/tet £, B0 et Wi E= 24 HAS T
ZHUHYok=s FYS 7HAIAL A4, 0 2KY0| BI5H0|7| % ofal, A|AR> +F0A HE/JS MANE 1t/ | MZ0 oits zX=tot
1 IES Df2] YA 4= U 3

=
© U2 XK SAPHERHE 99 Ul E ), 0[2ie B2 A2 3 IS HUS OIS UCHT & 4 UC,

o2
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A
m
e

= Pipelines critical to wastewater
improvement program

= Regular rising main failures

* [nspections enabled focused
rehabilitation and management
strategies
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A3 21323, Colombo, Sri Lanka
A7 EEENN

Abd| S+

- ORE T
A|RIBHCY

© 2L BEHO| 0f22) X AAHACE
0, 0[0f w2}, 71 9km 2019] A%
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Uso2 BOY M22 472 3HO| 7
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.

= Optimization of spending by extending
asset life

= Reduction in pipeline failures

= |mproved service to customers

Z2 U A5 42

« IO|Z2fQl 2|7t Ot S0k | M0 &7 10| 0 XI5HQ! 2
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KEY BENEFITS OF ASSET MANAGEMENT
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Alternative Water Sources : How To Deal With The Organics?

Presenter : Marjolein Vanoppen, Belgium
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ALTERNATIVE WATER SOURCES i“ﬁ BIOLOGICAL STABILITY

B

Growth af (microjorganisms in drinking water systems negatively
affects distribution of safe and impeccable drinking water

Legionella pneumophila  Taste and odor issues  Microbial Induced Corrosion
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Source water is a complex Membrane Fractionation & TAP WATER :_%
mixture of organic compounds aims at individual organic fractions
g v
-3 i
Humics == g =
Y Buiding biocks
\; . |—| - y— S E A
Bmpcffnnrn‘f || LMW acids Wl 1 {f: g = ﬂ‘“ ,qf =3~ Tapwater
/\Z E&_m{mb R S e ig e 8
et : 8 i:} - - Biopckymer fraction

Time (days)

LC-0CD chrommstogram ‘
= Growth curve measured with flow cytometry

‘- B 1 2 » 4 8§ & 7 =

Q2| of 28] 7|52 AR510] X1 §7/22 Clesst 2EOR Li-0f 2{7t0] 250 A% SMS S0 0]X/= Y2 BT USL]
Ct. 5o, M2At R7I22 M| AIAES 74 SUOHA|TH Y= ergdilt Rits 80 2XME 222 £ AsHH
TAP WATER m GROUNDWATER ;.;".i;.
o] ¥ PRPER PR & ZE‘_- :-;ur
Hllmlwhwun E g e E M fraction
— 3 - M
ﬁ_m Tapwatar 2 ,.}" e o
[y
M 5’
Biopolymer fraction’ 5 L
A:Es 1{30‘)‘.} L 3 2 _:ﬂ‘“; 3 [ 7

DESINFECTION BYPRODUCTS g TAKE HOME MESSAGES g

REGLILATED

= Climate change causes changes in NOM composition and
concentration (both in traditional and alternative sources)

= Fractionation can split NOM into categories

£, M L + Growth potential (i.e. biological stability) and DBP
formation are different for different fractions

'W = - vl § ;:ﬁ - ] =
:E: é %% LT ) é : = LMW fraction seems to be most problematic

|
"

Eelifs

7|% Biats HEHO| 22T T 48 DROIN X! 97120 TAT SE0) MY YHS OIELITL L21= 0248t R7I2S Tt
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Alternative water sources: how to deal with the organics?

M. Vanoppen'®’, K. Dejaeger™™', C. Dierendonck'?, J. Criquet’, G. Billon’, N. Boon™, E.
Cornelissen'**

! PalnT, Ghent University, Frieda Saeysstraat |, Zwijnaarde, BE-9052 * CAPTURE, Frieda Sacysstraat
1, Zwijnaarde, BE-9052, Belgium * Univ. Lille, CNRS, UMR 8516 - LASIRE, Laboratoire Avancé de
Spectroscopie pour les Interactions, la Réactivité et I'Environnement F-59000 Lille, France * CMET,
Ghent University, Coupure Links 653, Gent, BE-9000 * KWR, Water Research Institute,
Groningenhaven 7, Nieuwegein, 3433 PE, The Netherlands

* marjolein.vanoppen @ ugent.be

Abstract: As water utilities increasingly turn towards alternative water sources, they are faced with a
wide variety of organics in different concentrations and compositions. These organic compounds have
a significant impact on (amongst others) biological stability and disinfection by-product formation of
the resulting drinking water. Membrane fractionation allows for the identification of different fractions
of natural organic material present in these alternative water sources. By physically separating these
different fractions, their influence on biological stability and formation of disinfection by-products can
be estimated, allowing for a more targeted and efficient treatment of the drinking water.

Keywords: Drinking water, biological stability, DBP formation

Water utilities worldwide are increasingly tapping into alternative water sources to
ensure security of supply; more heavily contaminated sources, treated domestic
wastewater, scawater, ... Meanwhile, the composition of natural organic matter
(NOM) in traditional water sources (i.e. groundwater and surface water) is changing
because of more extreme weather conditions such as long periods of drought and
heavier rainfall. This NOM has a significant impact on crucial drinking water
characteristics, such as biological stability and potential for disinfection by-product
(DBP) formation. However, it is still largely unknown what the relation is between
different NOM fractions and these parameters.

Membrane fractionation

Membranes were used to separate several of the organic fractions, with typical
fractions being low-, medium- and high- molecular weights, neutrals, humics, etc
(Figure 1, left). Depending on the water matrix and NOM present, different
membrane configurations and combinations are necessary to obtain the optimal
separation between the fractions (Figure 1, right).

I—-I-Hwnachm

o, T

Figure 1 Example of the combination of membranes that can be used to fractionate organic compounds (left) and
isolmed fractions as characterized by LCOCD in relative composition (right) (LM(W) = Low Molecular (Weights),
MM(W) = Medium Molecular (Weighis), HM(W) = High Molecular (Weights), LCOCD = liquid chromatography
organic carbon detection)

185



0jo

01
K-
7l
il
0

=

oI, Ol= 27| ME S0 Sk DIX(LL Tt Bfe]2(0te)

[ -

[

b ULk

IEES Eoff 220t U8 HAHE
5

A &

=3

sc]

o

ol

BIAE0A CF

Qele 2

=20},

o X
= =

Kilo

1

A

—

[

#ap7t 29| Z20 DIX|

27t
Off KbA|

S
-

=0t 0]

OF
s

=01 o

=

pN|
A Z1LEA

et

45t Qle8= 0|

WNELIC

AL

=5

=

=

|

=
—

[

[

A

0|

=
ZHEQAN 22} HH0|L

=
=
s

i 0 HEA

[
.1

A

i CF
2

o
'I"

5
o
t, 21 X{0| 0| o

—

[

20f5t

=
=

f7tsds HEY|

oo

Al

JxX
=

=

I &

of
A2. U= St HR7 =M 9 s 80 H

i LHIER=

=
—

Q3. &7|0f<



IWAWWCE 2024

Biological stability

Water utilities focus on limiting nutrients by removing dissolved organic carbon
(DOC) to ensure biological stability [1]. However, there is little insight into how the
DOC composition influences the microbial growth potential [2,3]. Tests were
conducted on fractionated groundwater and surface water samples and biological
stability and microbial growth potential were determined. While for surface water, the
HMW seemed to be the fraction most influential in biological stability and microbial
growth, for groundwater the same could be said for the LMW fraction (Figure 2).

M MM HM | T
! 5 0 b
2 7 e L I T s i i g
" B i e ighe) | | = 3000 4 | )
. § g Week 0 : Week § : Week 1
: §“""'§ i it
15 I
- = ! 1
- I id
ol B Aol -
CAPPPERLPIE PP S

Figure 2 BP7 and BPC 4 profiles for different organic fractions of groundwater (left) and surface water (SW,
rights).

Desinfection by-products

Many water utilities still disinfect drinking water before distribution, resulting in the
potential formation of harmful disinfection by-products (DBPs) when the disinfectant
reacts with NOM. In this research, the DBP formation potential of different organic
fractions was investigated for both regulated and (currently) unregulated DBPs during
2 sampling rounds al a water utility in Belgium, knowledge that is currently still
lacking [4]. This research shows (with one example in Figure 3) that other molecular
characteristics, besides size and hydrophobicity, influence DBP formation, since the
reactivity potentials for biopolymers and humic substances are similar.

P A =N
& nsl /" '\ o X \
! - _E..- ¥ i.. [y - T T. )

Figure 3 Example of specific DBF formation potential (pg/mgC) after chloramination and chlorination for different
organic fractions for trihalomethanes (THM4 ).
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3D Printed Membranes For Water And Wastewater Treatment,
Cejna Anna Quist-Jensen, Denmark

1. 97 E o =

=

3D PRINTING OF MEMBRANES ::m:“..;'z

= Lack of other shapes and
membrane topology

= Possibility to use other
materials than conventionally
used

= Better control of membrane
properties and characteristics

. 3D printed
= Opens up for new opportunities membranes

in membrane applications
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Masked Stereolithography
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HOW DOES IT WORK?

PIPS: Polymerization Induced Phase Separation
. mLSA: Masked Stereolithography Apparatus

Ol S ner &

METHODS

Variation of

= Resin amount (30-50Vol%)
= [rradiation time (10-180s)

= Temperature (22-60°C)
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PRINTED DISKS AND MODULES %
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Changes of membrane characteristics in the
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Spacers [ flow promoters directly on the
polarization)

membrane surface
Propomotion of crystallization

Scaling reduction / fouling reduction
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MEMBRANE APPLICATIONS IN WASTEWATER MANAGEMENT -
SESSION 1

Direct Membrane Filtration Of Municipal Wastewater Assisted By A Tannin-based
Coagulant For An Energy-efficient Water Resource Recovery Facility,
Eduardo Subtil, Brazil 6#m 22

IWA World Water Congress & Exhibition 2024

11-15 August 2024 | Toronto — Canada

Direct membrane filtration of municipal wastewater assisted by a tannin-
based coagulant for an energy-efficient water resource recovery facility

<la’ Rubia®**
Fadaral University of ABC. Sac

dde Madrid, 2A048 Madrid, Spain. F-
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O INTRODUCTION 1WA

Direct Membrane Filtration She imtermativend

Traditional fouling control

= Metal-based coagulants (PACI and AISO,)

= Negative impact on anaerobic digestion

= Environmental concerns —> sludge disposal

Movel strategy for fouling control in DMF

= Natural based-coagulants can be used to avoid t ronmental drawbacks with metallic coagulants

= Are biodegradable and not accumulated il sludge

- Can increase the internal fouling
Evaluate the use of commercifl
filtration and its effect on meth

MATHERIAL AND METHODS m

Sample preparation - CiF process Lab-scale HF-UF membrane system e bntereatiwmal

nin coagulant in reducing fouling during direct wastewater
roduction
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1 RESULTS

Effect of tannin concentration on fouling C/F with Tanni
wr annin

] o g T o] . G0um
B s LA Nl B =
Bt oL 5 m] l! L
[ " ,. l'_. ) > 17w
v ! 8 ‘ B :
External and Internal fouling ¢ osition and quantification = Biochemical Methane Production (BMP)

& Privavin B Cmbofy e

=

' ik
: gh pmk;-hi reduction [] |

CONCLUSIONS %

=  The tannin coagulant can effectively reduce external fouling during DMF by forming stronger
aggregates and removing foulants, which reduces the foulant lead on the membrane and facilitates
their reroval by crossflow filtration.

= |Internal fouling (irreversible) was also 'ed with the tannin coagulant, primarily caused by

dissolved substances in the wastewater r than by the coagulant itself;
= The concentrate produced with tannin lant appears to be more biodegradable, showing 2

slightly higher methane yield;
= Tannin-based ceagulant use in DMF shovis @iFeat potential for full-scale applications to reduce fouling

and enhance energy recovery.

I 23 TAH

Direct membrane filtration of municipal wastewater assisted by a tanninbased coagulant for an energy—efficient water
resource recovery facility.pdf

H|S : Direct membrane filtration of municipal wastewater assisted by a tannin—based coagulant for an energy-efficient

water resource recovery facility
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Lessons from utility operations

DREAM - Data for Reengineering and Evaluation of Algorithms and Models : Mining of
Operational Data to Optimize a Design Tool for Wastewater Treatment Systems

Presenter : Mathieu Delahaye

D2uEC| 25
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METHODS e oo

= Multi-year operational data available from 50+ WRRFs designed, built and
managed by SUEZ were collected world-wide

= The DREAM project took advantage of this large amount of data available
by applying data-driven models and expert knowledge as support tools for
the optimal design of fulure plants.
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TS2.18 | 7=

Microbial Electrochemistry & Microalgae

Can Microalgae Be Grown In Primary Effluent Of Municipal Wastewater In The Presence
Of Bacteria?, Sathasivan Arumugam, Australia

General Background =5 Municipal wastewater production

Current environmental concerns

Aol wnicipal wovtewm e reckction
= 380 killion m'f
® empected 1o wndrease by 245 and 81% in 2030 and 2080
= My tnvirsnvmental coazerns from Organic .84 P

IWa World Water Congress & Exhibition 2024

11-15 A 24 | Toronto - Canada

Can Microalgae be Grown in Primary
Effiuent of Municipal Wastewater In
The Presence of Bacteria?
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What could be the alternative? gt
Microalgal bioremediation
(]

How to overcome these issues? -

—emp removirs pelluetants” from.
westewater

———  PECONEF SOPME FUITIETTS

e Produse yalucsle bismeass

=m=@  zequester €0, from the
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‘Provides axygen

Fig 1 Metobofic process inside micraalgal cell
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Treatment of PE using microalgae
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Preparation of mixed culture of algae and bocteria
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Algel -Bacterial Consortium
L How ths algal bocterial cansartium will - Yoo :
b influsmced by internal fexternal e e I e P
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DIGITAL MAINTENANCE APPROACHES

Intelligent Pumps Support Decarbonization In Wastewater Pumping,
Stephanie Smith, United Kingdom

£ W4 M2 HE oM SHEtAsE SHE oI, RA| B4t MUX| AH|9] S48 XSt Mo 7] HI7HLCA)
ofl MiE BHAL A AN LYot B4 H1ES Hlwstl, XS HE AL EUOZ LA AH|Q RX| 245 &
HEoIC}. 2H| 1072 AO|ES| Af|E Sall NS AL 2ltE YSotH, RA 248 S04 HUX 285 &H 247t

21
=Y+ USS ZTo ZEH2Z, At iR 2 Al XNISH AMAHC| =J0] it HIE ZHOAM S20oitt=

for
i

[>
o 7
M
mjo
N
(@)
X
|
=

YHE M= 2o} g
H|= : Decarbonising Wastewater Pumping (Tl B 2| &EtAS)

UAXL : Matthew Boxall, Stephanie A. Smith, Alexis de Kerchove

IWA World Water Congress & Exhibition 2024 xylem

11-15 August 2024 | Toronto — Canada

Decarbonising Wastewater Pumping

farihmw Boxall “Stnphanis
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WHY PUMPS? M

walEr FERoCislion

W&E&WW lead to
= ~10% of global direct energy consumption
= ~2% of GHG emissions

Procurement team focuses is on capital cost and energy efficiency
(e.g., IE ratings of motars)

= But decarbonization will require understanding of:
1. Whole-life cost
2 Whole-life Carbon emissions including embodied and operation

carhcn xylem

EeyOvE—— == e = = E———

Why Pumps? - A2 : of HIQIJ}?
« WRWW2 HAA O] AH|| 2F 10%, 24 7tA HIE2| OF 2%E XIS,

=

« X28(procurement team)2 Xt HIE1 WX 2240 SN2 Fc B HEIASIHME MX| H HIE1 embodied carbon
HiE2f 2! operation carbon BIEZO0] LSt O|oH/t E LG,
* WWW (Technologies) : 7+ 2! A 20r0| £ 2! T~ H2|E 25t £2M4 HS S|

Barriers : Data Gaps — Z0iZ : HIO|E| 24

£ 710/0, T34 HE, A87] T oI 4 SIT. BRI Ol €12 A0 U2 87 Ax

Whole - Life Carbon Calculator — Zix|| $~3 EtA H|AL7|

T2 B O[] + XU E|AE0} 234 COJE] + B 220 CH3t HIO|EIOIAS So/0f X7 4% SLA A |7} HS3IC,
Whole - Life Carbon Calculator : Inputs — Z1&]| =3 EtA HAH|: 1

* Inputs : AN 271 Afel B ARRS

+ calculator : O 4| AH|, OF2 3 A5 Xof, &N K| 2], OF=X 22 A &2, 22| I WA

* Outputs : MiE THA|, 748 B, A THA, OFX|Rf A

Pump With Latest Technology : Z|A1 7|&0| M2E HI
* Integrated variable speed drive : £8} 7} £ =210|2

+ |E4 efficency motor : |[E4 &8 2H

+ Axially sprung impeller : SEaf AT 2] QlE2

* Hard iron(25%Ch) impeller : A&(25%Ch) Q&2{
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BARRIERS: DATA GAPS

Procurement in
‘water company Production

Power consumption at

Wastewater pump life-cycle cost and carbon

*normalised xyle m

one load point

End of life
0.5
0

Whole-life
carbon
caleulator

IScanner= 7 Eosdtase of carbon
L, . impacts

e
e

WHOLE-LIFE CARBON CALCULATOR:
INPUTS

waier niSdclalien
Inputs
Application requirements Pump specification
Calculator
Energy r\:l.l'eararsd a Routine Unscheduled Repair and
E consumption el urmapc.e maintenance maintenance replacement
degradation
Outputs
e as | B m T E A
i -
= i_ £ = ; =
E %fg H E =y .—E- ? 2
. o B i 5,5,3__;;
(€ = PRI 2 3 |
I (- | xylem
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Integrated variable speed drive

IE4 efficiency motor

Axially sprung impeller

Hard iron (25%Ch) impeller

WHOLE-LIFE CARBON CALCULATOR: WA
COMPARATIVE ANALYSIS i
Baseline pump — 10y carbon impact Pump with |atest technology = 10y carbon impact

g B
&

z s

; 8

o 25 15

£ !

g £

g1s ,g 15

g 10 Eo

o]

Zos g o5

00 - - L oo

YOOl Y10l Y201 Y3Q1  veQi Y3 YEQI Y74l vsQi ial £ Yoml Vil Y2Ql YRQL YdQU YSQU YEQR YTQUL YRQU vEQU
=65 Ope B =B b =83 Repair =BG Operatienal Enesgy = B4 Replacement =83 Repaw
= 02 manienanoe m A1:A3 Product Stage B B2 msntenance WAL-AS Product Stage

xylem

Whole - Life Carbon Calculator : Comparative Analysis — Zixi| =% EtA A|A7| : H| £

+ 71 HE - 104 Ehh B3 © 9171 2ATLA HHER 2.0~ 255

+ 2T 7|50 MBE HE - 104 EtA HBH: 017 SAJIA WS 1.0~ 165

o MA| +=H B AMIIE Sl 7|1EQ 7|1E HOLt £|2 V1&0] HEE IO 10U7te| BHA HiIEYS HHE A1t 22 7|&0| HE
HOJLEAS 2 1.0 ~ 1.5E2 B AS & = ATt
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[
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WHOLE-LIFE CARBON CALCULATOR - 1WA
ANALYSIS i
AL-A3 B2 B3 B4 o
Product Stage| Maintenance Repair Replacement OP:;:_J;;" ot
:::::::: g;;:':;;;::‘s‘; 11 17.6 03 24 60.8 2.3
All tech (Concertor) emission reduction [35) 5% 79% 54% 100% 29% 41%

Innovation Impact: >40% reduction in emissions

xylem

=
24

Whole - Life Carbon Calculator — Analysis — Z1&| =% EtA HAL7| -

SAo| 2tz 247tA HEZ0[ 40% Ol Aok

CASE-STUDIES

Annual emissions before upgrade
- Magle Grove S.5kW Annual emissiens after
Maple Grove 5.5kW
19934
(Kg COeq/a) 0
e ———
= B2 Maintenance
425 = B3-B4 Repair+eplacemen
= B3 Opemticnal Ensigy
e .“&m De;b;f:;ewwgmde Annual emissions after upgrade -
Cross Dena 4kW
(kg CO-eq/a) Gz‘
_——
= B2 Mamtenance
» B3+E4 Repa rereplacement l
= B& Oparat.cnal Enargy W e m

Case - Studies : Al ¢

(1) Maple Grove 5.5kW
(2) Corss Dene 4kW
2 o2 AT0|= St Zut A7 2AVEA HIE-0| I3 ZAS AE & 4 T} 55| B2 Maintenance(RX[)0llA]

5 AR 25 M2 HE
5t 2MIIAS T Y
2n




Solutions:

riocsis

Barriers to Decarbonization:
= Lack of understanding of whole-life carbon emissions
» CAPEX prioritisation over OPEX
= Limited capability to assess benefits of pump innovations

SUMMARY - DECARBONISING
WASTEWATER PUMPING

« Whole-life carbon calculators to facilitate...
* Strategic leadership: |dentify emission sources and plan to reduce
« Procurement: Select the best product for the application
« Operations: Understand and plan for lifecycle costs

+ Technical collaboration with suppliers to facilitate...
» Understanding new technologies and incorporating them into whole-life carbon

| ienirins chanas

Summary — Decarbonising Wastewater Pumping — Q2f — SfEtA S} H|$

SEIAS0f CHSt 2
+ 7 AN Bt BIEZO| TSt OloH 25
SNE

0] Xt

hachid]
oo

the internativusl
WELOr B33Edalien

xylem
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CONTACT INFORMATION %

Matt Boxall, Cambridge, UK
Matthew.boxall@xylem.com

Alexis de Kerchove, Stockholm, Sweden
Alexis.dekerchove@xylem.com

xylem

= al x =
4HE 52 Y 7t 29

Matt Boxall, Cambridge, UK : Matthew.boxall@xylem.com

Alexis de Kerchove, Stockholm, Sweden : Alexis.dekerchove@xylem.com
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Automated Estimation Of Pump Characteristics And Their Use
Within Engineering, Operations, And Maintenance, Marcelo
Cusacovich, United States

1. 97 E o =

MOTIVATION

-

= Measurement of pump performance degradation from “baseline”
manufacturer conditions normally requires specialized field testing and

equipment

= |nfrequent field testing leads to uncertain pump condition

= Pump operating points are not tracked — possible increased rates of wear
and O&M cost

= Pump flow and efficiency degradation is not tracked — possible excess O&M
cost

HI g5 Molg A5z FFolil 012 S, 2F, 7Al 24 Z0[0M E8ol= LyE MAlok= Ol SEE E0. HEQ §50| M=
E
-

| HE HIAETL S I X|

[l e}
AR 27| 71z SEHOIM AIZI0] XA Motel= 2HIE SHZoHIA} St
|

2 mefeX| 1o, Ol= HIO| Oi2et 29 HIES S7HAIZ 4 QU

INDIVIDUAL PUMP ANALYTICS OVERVIEW

O——0
| | P |
Dui[c::drge El E El S::tai:n
Status,

Power,
Speed

160 4

_ »
E 1401
-

£ 120+

100

TDH =Hyq — Hy

Q= f(TDH. f;)

E=f(Q) = Given TDH we can easily estimate
individual pump flow (Q), efficiency (E),
and motor input power (P)

= The individual pump head and efficiency
curves are a simple model of pump
behavior

lows nfe;l ‘ ;1:2_’ 18- A FH « The standard affinity laws are used to
e model the effects of pump speed

o e
D

_nyxTDH

4 E
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THE PROBLEM: ESTIMATE DEGRADED !
CHARACTERISTICS FOR EACH INDIVIDUAL PUMP Baseling

Characteristics
W e [ e Degraded
Typical” Pump Facility and Measurements / e hnacteatitics
160
5
E 1401
s pes
E 1201 .
Total ()—
Flow © 001 \
D @D s r Y "
@ ?_ "Flow Loss"
DischargefH.] ) EI Suction  _ 801 dE
3 ]
Head @. Head : &0 \
% g "W2W Efficiency
- g 20 Loss”
sats, /TN,
ﬁnwer.mmﬂ nnn os 10 5
ccal | 1% 15¥ml . - - 1
sp\-e“ : — - Flow {cms)
Aol FHE2 HE9| g5 Xotg 2Lt Yot ZLHYGIL, 0| Soll HE 2 X|ES F8olH, &5 Motz 2ot &5 &4 R
UAS NSOR FYoH= AAYS HUsts 20| 012 S3 RXI B4 BSS HLt 8BHOR A6, 2F HI8S st Hu
AARIS| HMHAMOI S EHS SatA7|= As FHE ot Tt
2. A3 GllA]

& Mot 24 oA

PUMP FACILITY ANALYTICS EXAMPLE - FLOW
DEGRADATION

Operating Points (30 days)

s Nl

Total
. o +—(3) O
CIRg '3 1
E 49 1 @
48 Discharge Suction
Head Head

» 5 VFDs / common reference speed
' : : : : « P1-3 identical 10,000 GPM
400 125 150 1.1'.2'““ :I:.i?:} 2.25 2.50 275 o P4-5 identical 20,000 GPM

st ki = — S T i ST
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PUMP FACILITY ANALYTICS EXAMPLE - FLOW

DEGRADATION E'Ei %tus,
Operating Points (30 days) o
\ ] / Speed
53 N
P
524 eI @
g1 A e 'S . Predicted Total
e R " A 1Q: 2.28 ems || Flow 4—@ (@ {s p—
2| [T o R ] " |
TOH: 50.5 -
E‘W- Pump| S ;: @
wif [1]® Discharge Suction
FEE Head Head
adF3 [0 0
et e = 5 VFDs / common reference speed
] o o
s — » P1-3 identical 10,000 GPM
B0 225 1% 175 200 225 250 235 « P4-5 identical 20,000 GPM

PUMP FACILITY ANALYTICS EXAMPLE - FLOW

DEGRADATION
baseline !E;.)
0.6 ) i)
Wi 3 ¥ ady ' ‘_O
- g w O
Eﬂd«ﬂ“! g“!lr” f-{“j is{lh id |":
& rw»ﬂewmw‘hw*h-m
"g' 024 = w_v, -.Y,"i-'.:_.= j R iy @
5 N
0.0 * A standard error minimization algorithm
' determines the flow degradation for all
pumps by minimizing a loss function
-0.2 8 involving the flow errors
3 3 3 O} OFOFOR RS
g7 3 ¥ 2 F o5 _F 2 Lo=Y(Q" - Q@4+ RY (& -6
RSB amnerss 270818 8 ket icsp
— ST — =

2 Kot 24 o|x|
S Nojet HHE JIHES2 HE AL W 2f OO §3 XolS ARt HIO| T QE(0: oy T hH| AR HM2)S ALZ5IH
28 X5tE g7teltt.

28 Kotz AIZH0| X0 M2t 2t HIO| 85 HA= LEHHT, 0|5 Sall HEO| 7A| &e|7t 2Q8ls AT

- a [}

XNot =X A=

TO Oo
HI AU HE 9 SR FA AN 9 ST HIIst0 92 Mot 250 UZES BIISICE 0] IHOIA B i St H
A 9 57 710 YBYS HOISICH
Q2 U 52 Mot £H2 2B5H01, ST AIHOIMC| HI0E AST 0] T2 B A4 FHS 2L 012 S5 75| B2 URA
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PUMP FACILITY ANALYTICS EXAMPLE - FLOW
DEGRADATION
da = 17.0%

baseling
degraded: 5 pumps
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« A standard error minimization algorithm

0.0
: i determines the flow degradation for all
P o pumps by minimizing a loss function
-02 te . involving the flow errors
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PUMP FACILITY ANALYTICS EXAMPLE - EFFICIENCY
DEGRADATION

\' baseline - degraded—l dE = -6.6%
04 .I"ﬁI
i o dE = -7.8%
dE = -5.0%
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Ty , A + A standard error minimization algorithm
— g “m f ] ” wm . determines the efficiency degradation
0 et L per pump by minimizing a loss function
mJ 3 ]r W wehany W involving the power ermrors
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VALIDATION OF DEGRADATION ESTIMATES

7-Pump Facility
« Facllity with individual flow measures on each pump (Pentisat Fomes)

« Are estimates obtained using individual flow Qn 7
measures consistent with only using total facility
flow? EI @
= Compare estimates to feasible manual calculations 45 m )

using limited data %w 3 _@_@_ _@_
L i

i Discharge
Estimator v Description Head m @ Head
SP-Hour Individual pump flow metering over 1- . l
hour data intervals —éﬂ—@—
SP-30-Day Individual pump flow metering over
30-day data intervals status, [N\
WP=-30-Day Facility total flow metering over 30- Power,
5 tay data indvals- I Speed EI
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VALIDATION FLOW DEGRADATION ESTIMATES
OVER TIME

Snapshol data
« spHour A sP30Day W MP30-Day leadslonoise . gopour A seaooay W MP30Day
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“lgorntnmic approach consistent with “gold-standard” of individual pump string flow measurements

VALIDATION EFFICIENCY DEGRADATION
ESTIMATES OVER TIME
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Canal de Isabel Il is a public company that provides
end-to-end water management in the region of Madrid (Spain)

Million people served Municipalities Distribution network length

P
s o
PRESENTATION OUTLINE %

mater asvaciation

= Technology Adoption, Utilities and the Global South

= Qverview of Policy Research Setting and Technology Adoption
= The Case of Mapping and GIS based Solutions

* Research Method and Approach of Data Collection

= Summary of Utility Findings

= |nforming Models for Technology Adoption

SUMMARY OF RESEARCH SETTING %

= Technology adoption is often constrained by ‘legacy solutions’

= The ICT revolution has shown that by simply bypassing obsolete and
dysfunctional infrastructure, developing country utilities have been able
to realize ‘rapid’ gains through the deployment of mobile solutions

= Civil society actors and multilateral experts have invested in innovation,
with project benefits ranging from end-to-end mobile solutions to map-
based artifacts and layers of GIS facing technology solutions

= How far have such efforts benefitted utility asset management,
~-particularly with respect to GIS technology adoption?
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METHOD AND APPROACH =_II......L\

= We employ a mixed methods approach, triangulating qualitative and
quantitative data across an epistemic GIS community of donors, civil
society actors, consultants, utility managers and policy actors

= South Asia
- Karachi, Lahore
- Mumbai
- Dhaka

Mtinicipal
= South Africa Uitility

Durban

INSIGHTS FOR UTILITY MANAGERS :.-.,%

* Formalized arrangements with Civil Society can drive adoption

- Capacity can be ‘stretched’ through formalized information sharing (maps for service
delivery extension to informal settlements) from civil society to municipalities
= Utilities who see civil society actors (and eventually institutions) as partners tend to do better

= Intergovernmental support and donor technical assistance is critical in
fostering an environment for the adoption of technology solutions.
Policy support of and for utility data can elevate the profile of GIS layers for planning

= Technology Adoption rates should be compared with peers and based on
methods such as ‘Knowledge Exchange'

- The Art of KE methodology "anchor, define, design and develop, implement, measure
and reporl’ can galvanize relationships between utilities, institutions and civil society
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Digital maintenance approaches

Machine Learning To Support The Monitoring And Optimisation Of
Pumping Stations Processes

Presenter : Rita Lourinho

I
£5| 2ME2 b= HEAZS HE AHO[H0AM 232|d ZIH|0|H FA|24-2| HIO[EHLt H|O|E 4= Sot AI#0| £53t &0|0.
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SOLUTION DESCRIPTION

Concept idea

If a human being can make a decision based
solely and exclusively on what they see, then

this sensor should also be able to do so

Main objective

Create and train an image sensor to measure

the status level of a screening container

71 OFO|E|Of= ARHO| M=t OALZEE WEIDHH, HIME SatiME Al o THO| 7tsE 202 HHR

OJDIX| HIME Soll HE 2H|0[M9 A32|d AH|0|H SEIE Eot= AAES T=s 20| SHOIT

SOLUTION DESCRIPTION - SENSOR

Image sensor using an intelligent vision system with data
transmission

‘Composed of a module with LED lights, camera with

adjustable lens, computer module and protected by a
housing resistant to corrosive environments
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SOLUTION DESCRIPTION

Flowchart of the software responsible for the
sensor's analysis and decision-making capabilities
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SOLUTION DESCRIPTION MM
Neural network training flowchart |
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0

RESULTS

~ Alarms are generated via SMS to the
operation team's cell phone and emails are
‘sent to the system manager and operation
team with photos whenever the screening
containers reach the defined high level

e L T
sisadminghetncs sysacemndtmeliicd o
i Ltzba G0 Comtemns - Lhwes Ermd o Contemtes - Ve
[Lrs i o i . -
RG] Mo ay i AR B b Examples of images of container: status

full and empty
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OfH ARIZH 3174 O[B0] s EiCt,

CONCLUSION WA

Proof of concept on PS8 VFXira

The monitoring and alert system presents a
promising solution for water utility management, in
the context of infrastructure and asset optimization
with a particular focus on screening containers, by

providing real-time data on their fill levels

Use of neural networks to detect the state of
screening containers is a reliable and
economically viable option

PS8 VFXiradilAMQ] 7HE &H
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NEXT STEPS

= We are now installing another 8 systems.

This system contributes to better informed
decision-making and maintenance planning.

It will be demonstrated in a larger-scale
study, Alcantara subsystem, involving
multiple PS to optimize operation team
routes, potentially leading to cost savings.
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Digital Maintenance Approaches

Research On The Utilization Of Sensing Technology For The Maintenance And
Management Of Water Supply Facilities, Motohiro Kobayashi

L
1. durkd Ay T
DMW“"""M:;mﬁ:u‘l e pege A5
- ! e

st e 0T
o waterworh- 92 ¥

jpmert |
£ peaNE :M,.JWM""’““"\“’-
e

ks equipmEnl -
. s AR e
0 i i 5 LAY L R TIE LD

ety g effecbranedt of Epmior, it MBS~
([ nlvation mbich are inticatars ol qulprnt detesioratian.

=9 7k2RIT7H E0S T AT mEkM waterworks FH|Q| He2|S EO §2X O = HHYOF BTt (RXH =2 E0l= 33070 AlE ZX).
A

M2kA sensing 7|&2 AFEot0] ZHIE #elok= X0[ Q01

Sensing 7|=

* Vibration
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* Temperature
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Overcoming Diverse Water Challenges On The Ashbridges Bay
Treatment Plant Outfall

Presenter : Kevin Waher, Canada

A

« 5f{X|(Hatch), Z2HE O{L|X(Project Manager) 2 £ TZHE AIX|L|0{(Senior Project Engineer)
Mg ®E
A 8 2 I I2NE MY

* IHO| & M|

I

,ofrE A RES HEY

+ 181 0|42 Zeig Hest ZRME LN Y M T2 HE AIX|L|0]
« Oi41E2|X| H|0] XM2|RH0l|l M 744 OHLIX(Construction Manager), A2k &t2|XHConstruction Administrator) 2!

D=2NE OiL|X(Project Manager) S& =&

TFE0 4 PPT

WA World Wter Congress & Exhibition 2024 WA ASHBRIDGES BAY TREATMENT PLANT SR

11-15 August 2024 | Toronto — Canada

= Located in the City of Toronte,
Quereaming Biverse Water Chdllerpos Ontario, Canada

on the Ashbridees Bay freatment =
Plant Qutfall

One of the largest & oldest
WWTPs in Canada

818 MLD average flow
= 3,923 MLD peak flow

= Collects and treats wastewaler
from ~1.7 million residents
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RISER PIPE SUPPLY
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MEMBRANE APPLICATIONS IN WASTEWATER MANAGEMENT -
SESSION 2

Turning Waste Into Resources: Ammonia Recovery From Wastewater With Bipolar
Membrane Electrodialysis, Sebastien Allard, Australia (11 'ZH)
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THE INDUSTRIAL CYCLE OF NITROGEN %
e O w = Nitrification/denitrification
| O‘ﬁ e S process reported as the
.—3"?- 4 & o mostenergy intensive
“’N: ’m % treatment due to aeration

S \ j = Formation of NOy
& st
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ALTERNATIVE: BIPOLAR MEMBRANE %
ELECTRODIALYSIS (BPMED) i
— = Recovery of NH; and energy
e NP w production from wastewater or use as
ok — fuel
H H: "= " = Reduction in wastewater treatment

O : a a costs through reduced need for

I e o

Mo W EE = Reduction of greenhouse gas

\ f \ OLC emissions (N,0)
— ﬂ‘ E e o * Establishment of a sustainable NH,/H,
R energy industry based on circular
BPMED i prltang
\_ L"1 economy principles

02 wat #EQl 7| AtEott Hi==0lA YEUOIE 2ls-ot= YHO| Mz2 H2E0I 0] 7|2 2 S8 tadt 20

o =

BiPolar Membrane ElectroDialysis (BPMED) DA
(A) (B)
1 eell pair
Sl "‘i 3 "i g

BPM creates an acid and
base stream. The acid
stream is the \WAW

2434 9i(BPMs, Bipolar membranes)

= 2ofl 20 slig| BrE S Yo7 YXIet 240510122 22| £TI5H=E 02 wWa0|Ch 0] HEQI2 S22 MY S5 &7|4

SE0Z zafeit). &4 SENME LU0 FO0I2(NH.) HEHZ EXHSIH, 0|2
ol &= YZHOIZ gl-EC.

WEAHCEM, cation exchange membrane)S
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CEM CEM BPM CEM

Na* -

Chemical free, using only +
electricity Aot

High nitrogen recovery

BiPolar Membrane ElectroDialysis (BPMED) %

]

BPM AER T

(+90%)

No NOx

' Energetically competitive
ammonium removal

Low energy consumption of 5.3 kWh/kgNH;-N (= 24.5 kWh/kgH,)

BPM creates an acid and
base stream. The acid
stream is the W\,

=EE O ASoHA| B2, 1 21t BIE Eg1t 2 &

Software to control
voltage and current
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I'ypical output from synthetic wastewater[}J¥A |

e Rl

10 4

EC WW increases
I o e —o- d ' _T

0 W 40 60 80 1w 120 0 20 Pao 6 mn 120

Time (miny Thme (min)

EC base increases
due to extraction
of cation

/ pH ERS cathode increase, anode decrease

ERS anode

o

Formation of H* by BPM

. n 0 an Al &0l [y l“'II\ oH WW decreases ‘H

ML 3 pH Hst 22 AE FE0A B0 T8t pH BStE FHUCH L0 MAEEM =27t S7toks e
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Typical output from real wastewater DAA |

100 o El g o K

9“ il J LI - |

2:: ] NH; extracted from
S 60 - real WW
+. 50 -
= 40 -

30

20 4 NH; recovered in pur

10 - R

0 ol : > . . solution
0 20 40 60 80 100 120
Time (min)
90% NH. recoverny
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i ———'——::Jr EC WW decrease
- el and then increase
£ ::', A EC decreased due to
E an the presence of
= carbonates ———————=—+
10
o
0 10 TR T T ) o w40 & w8 18 1M
Flew (rin) The proton formed by BPM Time (min}
are  reacting  with  the Impact of alkalinity on the BPMED
i carbonate, Once the
R T 5000
1z carbonates have been = HCO.-
10 consumed the HY are free in gm 3
I soluthon, the pH suddenly = 3000
L pH WW steady and dropped to 2, and EC g s
T then decrease increases :
3 = 1000
i 2
] = L}

0 kL an &n B0 e 120
Thme {min}

20 40 &0 B0 100 120
Time [min)

Concentration of NH; over 10 %
consecutives runs

S000
4500 + Max « Each cycle takes ~ 50
4000 + theoretical i
3500 concentration * Good recovery of
S 3000 NH; over 10
E 2500 consecutives runs
5 2000 * Low volatilization of
= 1500 NH, gas
o * [NH,] ~ 5g/I
0 .
0 100 200 300 400 500 600
Time (min)
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Challenges in Sewerage and Sewer Management

Increasing Flexibility of Control in Sewer Management

Presenter : Rodrigo da Silva Gesser, Luxembourg

CSO HAE flet &R ot 2[Hst 29| JHY

SHP2T0| o4 2| AIAYE SHOR o1 B2 AAHO| RS FIINIS WHE 38 FHZ T2
CENTRAL PROBLEM - SOLUTION E-=--n-e---=----

Untreated wastewater flows directly into
receiving water during rain events

+ The fundamental problem is that our sewer systems are
overloaded during rain events and cannot cope with the
volume

«  Much of the pollutants in wastewater never make it to the
sewage lreatment plant, but end up untreated in our rivers,
lakes and streams

= RTC4Water builds integrated control systems to minimise
the volume that overflows into receiving waters using
model predictive controllers (MPC)

SHEE309| 5l A|AR ZX| - cHZ=Y

« 2MBZ2309| 5l AARL =25t 5l4E(combined sewer) A|AHIORZ 2FE|CY

« O] A|ARIO =2 EXl= HI7F W o OJM2|E otg=7t &, J4H, ofd 22 A2 &Y YR L= CSO(Combined Sewer
Overflow) SA0ICt, CSOS WX[5H| floff SMEZ2I0AM= MO AAHS JHLUHOH, O A|AERIS D& 0= H0{(Model
Predictive Control, MPC)HE% At25I QAT

24 0j|= H|0{(Model Predictive Control, MPC)

* MPCE= ot Al2EO| R2S S0 0] 22S HIZCR KFS I GIE 20, HI7I 2T QHE27t YA K=ot
0] GiI5S BIE 2 ol £2|9] ZIK2IE Aot
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« THHCRE QUERR/L BYY AC=2 OEE [, 58 A9 RYES S/ LUEZRE LXIok= AOIC. 7|1E A=A

0| 1HE0 AAX|TL, MPC= 2t HES S0l FEs 22 4 UC

MODEL PREDICTIVE CONTROL FOR WA
SEWAGE SYSTEMS ey s
Control objectives: "’“""‘“’mmm
= Minimises the overflow —
volume Referente it [Gurpur |
= Utilises the available /:\ I apti Rual Sauraga Systam ET0
buffer capacity in the \T/
network
= Empty Combine Sewer mm
Overflow (CSQO) tanks
= Track the inflow to the Bredicted Output I
wastewater treatment
plant (WWTP)

239 ofpes T2 BRA S-0(H, HIZ QU504 X2|=[X| 42 of7t SeiLiZt= CSO7F EMP7t 12
ni

Ol2fet =HSS Fdot/| ?foh, 2 CSO B39 2f&S @ Sol| FAIOHH TR AARO0| MHREA XSS -+ A==

MODEL OF THE SEWAGE SYSTEM %
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MPC FORMULATION i
Control Formulation Objectives
k+Hp * d¢: guarantee the designed
minf = Z Ad; (i) + B (D) + ads (D) reference flow to the Wastewater
ul(k) =t Treatment plant;
* ¢,: homogeneous level in tanks

through the sewage system;

5.t
g (x(k), u(k), W(k}) =0 * ¢5: minimize volume overflow
during rain events.
h x(k).u(k),w(k)) >0
Fiorelll, D. & Schutz, G., Real-ti ontrol of rk
Tmin = X(k) = Xmax uTr;a multi-goal eb}n‘::]:- l:::;m. IEEE F‘:;;-d:m
Upin = u(k) < Unax Mediterranean Conference on Control and Automation, pp.
676—681, 2009.

V(k)

0 = [ o 80| 00 = Qa0 = €l

b
I I

OBJECTIVE 1: VOLUME HOMOGENEITY  mrmss
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OBJECTIVE 2 - TRACK INFLOW TO WWTP %

$o(n) = (Qaes:,gn(k) Z Qm.r.tl [k dij))

[T L

.

CHOOSING OBJECTIVES OF MPC ]

= Desired objectives are customizable to address utilities demands.

= However, by the nature of MPC, the optimal action will often be a
compromise between objectives.

* |In case of opposite control actions, MPC will optimize for the objective
with higher priority.

= An adapation of the cost function is proposed to improve the flexibility.

= The goal is to keep the total outflow of upstream structures as close
as possible to the designed reference outfilow of the corresponding
downstream structure.

= Propagate this throughout the network to enable the desired inflow to the
WWTP.

2/%5} WM RO MPCRHE XHEEHE ROHE )

+ MSHQI MPCOIME= EF H50| 2ETHS 1I2UCHH, UHADI HQHSH 2 AA™ MA|Q| S22 2ot =
oIt Ol= 2t 59| 285 wSol RAIoIHM LHEZRE Z|Asloh= Ol =22 &Lt

« O =2 7IS8XIE 2010 O B2 25 20| 0|R0X=8 2&S Y00|E ottt
— YHOIE AOil=, 7|2HC2 MEHOZ RYUEE RYUHS SE2= 4L, A MA| S5 I3t

2 ALUEL 2y

* 6712 CSOO]| ChHott] 520tCH BtAIZHS Ol E0te ZXeE Alttole AlLU2|R 2E2
— Classic MPC 22 7+s51Ct

* 6719 CSO 29| RIS BE3E BQE LIEHH0 MPC Z&8t 20|
— New MPCO|C}.

F
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UPDATED OBJECTIVE 2

2
2(m) = (ZM (Qmmltku = D o= d:.,)))

a4 a6 fidk 46

= o - -~ o

ALa Avas
[T g ——
SIMULATION - SCENARIO th Intermntenal

Simulation period of 1 year.
= Control cycle sampled 5 minutes

= Application sampled 5 seconds Seeia) S N ko —__—
= Rain data sampled 1 hour : —: T T
Two rain events chosen to
show in detail the behavior. < ="
3 different control setups: e —
= Without MPC (only static control) v _ NEL
» Classic MPC R ' )
= New MPC '.
RESULTS -~ RAIN 1 - UNCONTROLLED s marnses

Total overflow: 2189 m3/Smin
Uncontrolled Simulation

o o
o @

voluma [%]
]
-

-3

-

Orweifiow [mlep)

o % 888 BE
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RESULTS - RAIN 1 - CLASSIC MPC g mormataen

Total overflow: 3119 m3/5min Total overflow: 532 m3/5min
WPC St WG Smtanen
. ! = im
| P, — s
P — T
- *l
2 o T .
e N R e TR
ey i i e P e s —

imEpiring changs

RESULTS - RAIN 2 - UNCONTROLLED th marmatons

Total overflow: 1464 m3/5min

Uncontrolied Simulation

— T_Poa
e — T_s01
Fos — 1503
i — T8
(Y] - T_515
" =
)
100 —
B B0 =t 501
— T.503
.é. - —  T.s08
o — TS5
—_— T_51B
.
it o [y e o~ —
00:00 12:00 00:00 1200 00:00 1Ze0 0000
[y o8-jan 10-jan 11-Jan
L

RESULTS - RAIN 2 - CLASSIC MPC %

Total overflow: 197 m3/5min Total overflow: 0 m3/5min
Wi Sematon MPC Simulation
| : :.; 1o
[T - 1=
7 =l - 8
ial = r:ﬁ. ?‘
| !“

B
: ~ % — g
In — £ — J=
— Im - J=
o — Im - ;g
o% ] =] am ] [ T = W
] ] m [ ] 8
.II’= b - e L] L] 1B gn

fetey Foii]
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L 6 (1 FFiTn Enamgn 18
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Bxiat e o 22t
A
o

F 7K 22 AL2|RE Sl 0] Y2l 55 AIS|0[doIA.

o JE AL 0 M= 7 1E YELE QHE R/ AYCL, MetE M= QESZ 27T I ZA5HRAH.

o B AL QUM E 71E Y MoHE Y R JHRAEIAX|T, MetE LE0| LHS2RE 24| MASIRAL.
CONCLUSION :.hlul:lr_:mrnﬂlanhn.l

= The new implementation is simple and increases flexibility of the optimization

= The controller can better manage volumes between structures, maintaining a
homogeneous volume, while, simultaneously, avoid overflow.

= The new controller reduces impacts of CSOs to the environment even further
than the current state of the art implementation.

= Another advantage is no additional weights are needed, but the MPC might
need recalibrate of the weights of the objectives.

= Additional studies can be done to compare with other control objectives, such
as:
Contral action minimization or volume minimization in the prediction (forcing CSOs to empty)

= Pollution-based objectives could also be explored in that framework

”ELOHM HQt=l gie CSO7} 2H40| 0|X|= FES AANT|= Z21E E 4 QICH MEtA CSOZR QIS &4 FEkS o' =Y
= 71548 HOEL
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YHAL= MPCE Sall ot AIARC| 2XeE +-l6tl UM HH2Z 0] 20| A JHEEU=AX], 0EH o= Z112F0|H 71E0|
AEEIA=XI0f CHet MFXRI LHZ0| s 58
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RESULTS __.I:.WAE,_.:,,_.,
COverflow Uncontrolled Classic MPC 3
volume {m’tSmIn] ]rn’,"!min] New MPC {m'/5min)
Rain 1 2189 3119 532
Rain 2 1464 197 0

Comparing the classic MPC with the
uncontrolled simulation
Controller increases storage usage

Improve the inflow reference error to the
WwWTP

Improve the volume homogeneity
However, this increased the overflow

Comparing both simulations with the
New MPC

= The homogeneity is kept similar
However, the CS0s are clearly being
emptied faster.
Qverflow reduced, while having a

Qdesign_wwip that is better ensured
as in the uncontrolied

ADDITIONAL RESULTS -

e Hmernntisnal
waterasasclaion

ICUD2024

Results presented in ICUD2024 where the combination of the updated objective with a
Pollution-based MPC where able to reduce COD load by 13%

Load of COD Uncontrolled (kg) Pollution-Weighted MPC (kg)
T_Psoa 16367.505 13329.136

T_s01 277.065 3290.242

T_503 19.521 61.954

T_508 5815.195 2573.846

T_515 2.879 153.693

T_518 307.097 330.542

Total 22789.262 19739.413

Tatal (%) 100% 86.61%(-13.39%)

2. YU SHIA oj2iz

LHA= FEUH SHO YEGHA| QI AZ3M=0, O EXMIE HZ5H | 2IaH 0T CHRHO| U= == QU £ HF0ME o™
HHO = RYUHS SHot=X| 338

3. 2Ex g

QHEZ R/t YA el SHME=T 0] A 0f O LAAQI SHEM Heprt QIU=K], 51 0|1E Hotol/| st &H8 ZLIEE AAHE
O] {8 Y0 UK FIHHCZ Y AT,

4, Oj2} A st

LHA= F7HHQ1 A 2ot AFMKC, A2 9| AR A 0Lt SHIF FAHOIK|, E5| OH 7|=H &

st EE7LH UM EHS
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5. X 2F = =H|

« AX 2F S0 o7 |X| 2ot 2XI7H S AT UEK], 1 2XHIE LA SHEM=Al, 12|11 012 Solf @2 w=0| FAUK| =2t

Ees RSl 1)

[ AMS HIRHCZ CSOE ZAA7 = BHI 10| M2 SIHE U/ &. REF0| a6k g2 220 RS MEe 4 Qth= &0|

S H|O Z2 =30| 2 A 23 G719 MBI SES HTHE 4= QU0 E/US. T TSR0 TSt HEQF DHO| £=A10f CHSH Al

{0l 0| B3 014IZ0] HS

Slig WHo| ZoISE Ha|

Q1. Rozel2 ot &30 QUM Q&S EHot= O 0{ZS0| UCHT AZ6HHA], 0|2 HHE E2MOZ "FALIS emission"S K|
011, 0| 22MS QU SES HT 4 A= 7150| UOH, BE SHO| HEGHK 22 UT AIBE & 9= wel

Q2. Rozel2 0|2l 00 CHoH AZSHHAL, Z/Ast FHOIA D2 6= Al O SEX QAE 1= S0E. M Z2MU0| THE
0, 01 242 A2I3H0F S1X| ZEH= Bl 0IM HEX HHSIS MY A9, 217} o LIOFM 2 UKol chsh H2gt

Al, SEXN 29 0= MO0 2ol &N 22 010 HEotdl ot gHMS
THMOZ= HE HAIE At 00 YN, HE Hit= S SE0A ot He| oY A=K T2t S7t6H | HE20
AlIZH0] X0y w2t 0f|=0] MAE o B-=6hE 4= Qb= HE 9ot Q71 5ot &t
I, Y EA= R Y| oist 2410 =X5tH, 0]H SeHAM2 XM2I5H| 2o 62 FHE st & £35|, AIA" oM
Sar0] AT M2I5P| 0Tt 2 010PI3 OIS S0f, B0 QES ZHsH= BRI} 222 0/E 0K 9l HPE 9O
O, 0|25t SR &N HES Solf iR U0t dHst

Q2. AAH! MAH|K| CSO(Combined Sewer Overflow) {IX|OtC BTG E MX|oh= 718 123M=X| HE2610] Ao M40 el =
Of2. 5, 0J21 2AI0] SI= 2A(head loss), 1% £, 11T 4% A7I9) E4 SAEHO| O ABHS DIXI=XI0| Tl S%S.

A2, YHXI= AAR MAHE Moo= WACZ HIEsCH AHEH = JiE CSOZt 0P HA| AARIS| S22 125t Mofettk= A
Q. EH X|H0j|A] HIZt L2 1! CHE X[H0jl= H|7t LH2X] X= 82, Z1Ms}t 250N O] A&ks 12l HI7t LHE|X| 2= XIFel K
o BUS BR5I0] 5140] 552 MeINOR HY 4 YES THFICT M.
HAZ A719] X% 2X0 tHoliM s, DEXE= 012 I R26HK| X=01 BHE AX AP|0ls QLHEERR 2171 LM5HK| 22
O, [2tA] O] A|7|0f CHS SEst 2= QG| 4Tt o
T5h 8= &A0|LE 2F 22X CiohA s, HHAtE 2 2HIE 23K L/UTHT HEHE

= —f=] — =

U2 52 013 MBS |

1. FALIS Emission &2M2| XM XQI 7|S0| E7f?

FALIS emission £240| £21QIX|, 12|10 AHZ 0{EAH ME=X[0 Choll o LOIEH £2 A 2Lt 55|, K& 549 242

O1EA| SHZSH=XI0]| CHot FA|IM QI B0 JqS K| S 20t

2. 5|E &4 L otF| EX7t It =71
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How to go digital as a water utility - Session 2

How GIS Supports Digital Transformation & Sustainable Management,
Christa Campbell, United States

to] LY CHall 0[0F7|otH GISE &et HXIE Heto] 249 e=ds =
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and caused

Polluted drinking waler causes
485,000 diarrhea-related deaths
EVEIY Year
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Water Industry Challenges

Extreme Weather

Aging Inf ture

Aging Work

Lack of Funding

S| A

CHEIE QImat 55
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i

, B0k THA/QTARY, AOIH] HOF, Xt 22|, 9t 7|2, £AHE HOt A &, Xig BE

Optimized operaticnal efficiency
Improved customer service

- Holistic network management

- Informed declsion making

. MHEO HEYT B2

- EO 7lEet oA 2F

D7 73 4, BTAHIA 1240 FBY 3y, T2ID M0 BBAHIA HBK
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Digital Transformation
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Creating Und nding
Exploring Alternatives . -
Finding Solutions . .

“Explaining - -

. and Taking Action-

Action
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GIS Apps Are Becoming Pervasive

Web Apps
Mobile Apps

ICamSGanneu A7H

GIS 40| 22| 251 AS

o DHKY Of : 2 O|O|E 2%, X £+2, Earth, Field Maps, Survey123, G|O|E £%
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Brmg Crltlcal Systems Toge-ther
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Digital Transformation Initiatives

Network Management
Coordinated Operations

Real-Time
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Network Management
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Global

WATER cnd
WASTEWATER
WORKFORCE

Real-Time Data

SYSTEM
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REAL-TIME
MEASUREMENT
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Your Digital Water Journey
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We are able to report events in real time,
[and] visually inspect the community for
patterns/problem areas and more

efficiently plan for budgets regarding

system upkeep and replacement.

Brandan Lubken
Water & Westeweter Sirenniendent il
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Wentzville Al

© ANRHARIL 2 45 TRNAS B7HF40| 99522 THET
© HAIEET} L 2 2l HRUA It% S .
- I OfS2AH|0IMO| HIOJE BHS S| MRS 21410] MAIZH HIOJE| £IS TSP RC,

With the addition of our GIS Analyst,
we've Lransitioned from paper (o & digital
system, making our operations more
streamlined and efficient. This has
significantly improved our water
mauagomanr andm}cs delivery.

- ﬂbaw&lﬂhm
== 'Wa{er Dmsam Supernniendent

WAGHE

raticn
WalT

ArcGIS brings our data to life. Displaying
historical data, real-time data, and
predictive data on a map ..helps us
discover relationships and leads to new
insights.

Vitens
+ ArcGIS Online2 AE5}0{ H|0|E2| QIEE|E St X2 A|ZtSFSiTt,
+ ArcGIS2t OSlsoft PIE S&iot0] MA|7H HI0[EQt EMS MG BTt

* 0| eI 0= 70| A m5eet FMQt S/t 201 thet =HIE 7tsotA ottt
* Vitens= AIAB0] CHet OSHE =220, DI=H0fl et ZH|7HE & |0 L.
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Christa Campbell

Director Industry Solutic
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Christa Campbell £t} £24M CI&E : Xt3 / ccampbell@esri.com
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Technology Adoption Across South Asian Utilities:
Evidence Of Leapfrogging?, Faisal Shaheen, Canada

1. ME

PRESENTATION OUTLINE %

water saposistisd

= Technology Adoption, Utilities and the Global South

= Qverview of Policy Research Setting and Technology Adoption
= The Case of Mapping and GIS based Solutions

= Research Method and Approach of Data Collection

= Summary of Utility Findings

= |nforming Models for Technology Adoption

SUMMARY OF RESEARCH SETTING

= Technology adoption is often constrained by 'legacy solutions’

= The ICT revolution has shown that by simply bypassing obsolete and
dysfunctional infrastructure, developing country utilities have been able
to realize ‘rapid’ gains through the deployment of mobile solutions

= Civil society actors and multilateral experts have invested in innovation,
with project benefits ranging from end-to-end mobile solutions to map-
based artifacts and layers of GIS facing technology solutions

= How far have such efforts benefitted utility asset management,
~~particularly with respect to GIS technology adoption?
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THE ‘HYPE OF ADOPTION’ %

waler passtialion

-- Peak of Inflated Expectations

Slope of Enfightenment

i Plateau of Productivity

Early
Matjoriy

=l | A 5
e s A

Fough ef-Bisliusioniment Source: Gartner's Hype Cycle
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1. GIS : A Case in Point for the South (GIS : SHI512] AL|)
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GIS: A CASE IN POINT FOR THE SOUTH

State policy actors
will draw on data
from periodic studies
(many funded by MLIs
and donors) as part of
planning exercises at
the national and
Civil society actors will subnational levels
conduct community- 2
based studies to
develop map-based < >
artifacts to inform
'@@?5'53-.[.@-!-“‘1‘%‘3-3'
mmasti'

{l}i:é ﬂégéélal o= =719 : Source: USGS

METHOD AND APPROACH

= We employ a mixed methods approach, triangulating qualitative and
quantitative data across an epistemic GIS community of donors, civil
society actors, consultants, utility managers and policy actors

= South Asia
— Karachi, Lahore
— Mumbai
- Dhaka
) 0 Municipal
= South Africa Utility
___— Durban
(€S| CamScanner= A7
ARTIFACTS AND DATA SOURCES %
Artifacts | Municipal Utilities } Policy Actors Civil Society
Mapping and GIS X X X
Software Use X X X
Networks Org X X
GO-NGO networks X X X
Reporting x X
IG Policy Programs X X X
Mobile Tool Use X X
Web Portals X X X

I.r"r“ —~, Crmammar= A JFH=1L7
Ié camocanner= L Of
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2. Method and Approach (2fH2
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3. Artifacts and Data Sources (AE21} H|0|E| &)
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5. Municipal Artifacts : State (Z37|& ME2 : MY)
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6. 'Networks' Emerging from Mapping (I1ZS S5l #4E HELT)
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7. The GIS Information Policy Chain (GIS H& XIzH &j|))
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COMMUNITY ARTIFACTS: CIVIL SOCIETY  agmemues
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OPP RTI, Karachi
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MUNICIPAL ARTIFACTS: STATE %

‘NETWORKS’ EMERGING FROM MAPPING M

Utility Civil Society, Donors and Institutional Relationships

Ohaka Civil Society: DSK, SHIREE, Concern International, BGISP
Donors: WaterAid, UNICEF, DFID, WSUP

Durban Institutions: Housing, Solid Waste, Low-Cost Provision
; Civil Society: OPP RTI, URC
e Donors: JICA
Civil Society: MUAWIN, PURC
Lahore

Donors/Institutions: JICA, UU, All

Eige s o )

THE GIS INFORMATION POLICY CHAIN

ke Intarnatisns]
wuinT ITTOCilien
Durban
DWASA

Academia
dev00e oo
Civil 9 )
Sacle&l... .....) ......
Community ..
Bazed .
se0000 L X

MMRDA

(€8 amScanner2 A7H5}7]
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INSIGHTS FOR UTILITY MANAGERS e mreeionst

whlnf assRciarien

Formalized arrangements with Civil Society can drive adoption

Capacity can be 'stretched’ through formalized information sharing (maps for service
delivery extension to informal settlements) from civil society to municipalities
= Utilities who see civil society actors (and eventually institutions) as partners tend to do betier

Intergovernmental support and donor technical assistance is critical in
fostering an environment for the adoption of technology solutions.
Policy support of and for utility data can elevate the profile of GIS layers for planning

Technology Adoption rates should be compared with peers and based on
methods such as ‘Knowledge Exchange’

The Art of KE methodology 'anchor, define, design and develop, implement, measure
and report’ can galvanize relstionships between utilities, institutions and civil society

3. 88
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AlBIARE] (R 2302

1. AIZIAEIOL] BARO! B0f0] EQIS SXIE 4 QLY.
1=

JE Y S== SES Hw6H0F 510, 'K[A] g at Z2 Wl 71HSH0{0F St

Al wBH(Knowledge Exchange) BIEHZ0| A2 Ho| MA| LU i, 716, =8 U H1'E IEIGH,

HAE 2gate + UAtt= AOIH.
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267



B ME FQ U8

TS1.5 | bX

How to go digital as a water utility

Low-energy loT System For Continuous Monitoring Of Water Quality In Drinking Water
Distribution Networks

Presenter : Javier Garcia del Rio, Spain
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How to go digital as a water utility - Session 2

City of Toronto Water Service Replacement Planning During Watermain Rehabilitation using Data
Analysis and GIS

Presenter : Aditya Dhamorikar, Canada
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CITY OF TORONTO WATERMAIN 1WA
REHABILITATION PROGRAM e

= Part of Toronto Water's
State of Good Repair
Program

= Structurally relined
~250kms (4% of total
distribution watermain
system)

= >8,000 water services
replaced

£ (]
e Ll L S ST T = W e B! iy 471 04

EBE SR EA T2 AN

s ST FTO2OW 0] I2TU2 ESE X3 H2|Q| State of Good Repair' T2 10| YSOZ o] MES F0| 0 At
L S SHZ 5t Qi EEE0= 500km 01¢9| +E20] ACH, 0§ oF 15-20km 2| =S ‘Cured-in-

=]

place pipe' & HE WO Z S,
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CITY OF TORONTO WATERMAIN
NETWORK

3

$24.9 Billion of assets
=4 water filtration plants
*11 reservoirs and 4 elevated
storage tanks
=18 water pumping stations
5,583 km of distribution
watermains ($13B)
+525 km of trunk watermains
=69,967 valves and 42,179 <
hydrants
=517,688 water service
conneclions, plus

EZEQ} 01T EAISO| S5 YIEYT 38
+ E2ES 2509 2 01X XA TR} U HEYTS HQ5HT L,
1. 4749 £X{2| EHE
2. 187H0] B A0}
3. 70t e e
4. 48 27 7Ho| AN
+ SERO| TR IS 61190/0, 15% O 10010] =k T TR 1100719 2 0| LAGHD QUCH,

CITY OF TORONTO WATERMAIN 1WA
REHABILITATION PROGRAM s

= ~437,000 small diameler water services
in the City (<50mm diameter)

= $70 million annual capital Program

= 1000-3000 waler services affected
annually

Substandard: <19mm dia copper or any size
lead/galvanized iron service

The 6ix became Toronto in 1998

Incomplete waler service information for
tender eslimales.

The dilemma- How to budget for service
replacements?

10% wariance on quantilies=> $1.5M to 53M
CAD
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WATER SERVICE REPLACEMENTS - 1WA
THE PROBLEM ———

How did we fare historically in variance from actual?

Water service Replacement Trend 2019-2021

018 20
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2021 year- 512 mllllnn variance (17% of overall budget)
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WATER SERVICE REPLACEMENTS - 1773
. THE SOLUTION T

Data collection and analysis for >14,500 services
Water service replacements by

Analysed trends leading to water service propertyage
replacements including: ’ .*

1 Age of watermain

2 Age of property 08
3 Location of property o
Information then used to solidify assumptions from v
2022.

=M oiZS fIgt Hlo[E 24

* HOIH & H 249 HAY} 2Q0oltt 2015 E 2021 E7HX|2| =2t AH|A HO[HE &6t 2401320 0] H0|E{dl=
HE 2o ME|A, WAHIE XS H GIS 27 ZE UL

24 Z1}, 19654 0IT01I dAE A=29| =8 AHA= HREE 7|20 PR WHMSX| BERACH Ot EUES HIg2Z
14,5007H Ol&9| =2t MH|AS 2Ao10] 0= 22S THISHA.

5

| WATER SERVICE REPLACEMENTS
" The Result

Water service Replacement Trend 2019-2023

Greater predictability and confidence in assumptions and consistency in 2022 and 2023
IRAB Y cREn g

I S — r__d
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WATER SERVICE REPLACEMENTS %
The Result

Varianee compared to total water services
e

=——Varanse beivren cstimates and aciuaty compared 10 totsl water services

Greater predictability and confidence in assumptions and consistency in 2022 and 2023
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ENLISTING HELP FROM GIS it

GIS database to visually spot historical water service replacements, to visually aid estimation of

future scope
'9.! Hillcrost ‘3 =
Village =
d ‘ & ® '
o § o
§ -

ZO25WSL

WARD 17 - B e

1 f:" v ,ﬁ%

Fa &y

> Insniring chanuge

ENLISTING HELP FROM GIS S

Visually solidify water service assumptions geographically based on historical replacements In
the area

*
':‘." services wiil be

i >~ Tuplaced o
T — y =t T
i S N

| &

GIS 7 &8
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WHAT NEXT?

Patential use of data

Maimtain and update |
g database, track & ::“w""‘t':sw :

accuracy of estimates, o |

and reduce varlance assismptions didng I

design
v—

Betier inform capital = =t
= planning and |
Eﬁ budgeting of future E Better inform water

werk replacement policy ’

Piloting non-invasive
sarvice material
detection technologles
and using GIS to

] ' identily and target
LEAD water services
for future
replacements in the
City of Toranto
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Unveiling The Water - Energy Nexus : Wastewater Reuse For

District Heating Applicatio

Presenter : Francisca Sousa Braga, Denmark

s
A7tH2227 E2|E| (Skanseborg Utility)
- El0t= 7|& T8t (DTU, Danish Technical University)

« VIA TSt (VIA University College)
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IWA World Water Congress & Exhibition 2024
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Unveiling the water-energy nexus:

Wastewater reuse for district heating
application
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OVERVIEW OF THE PROJECT

ﬁ%

* Focus on two WWTPs (Skavby and Skanderborg)
= Gathering data

\¥

e s

-

nt of matk | modets
* Experimental set-up

= Optimization and prediction of different scenarios
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ENERGY EFFICIENCY AND RECOVERY
Wastewater Energy Transfer For Toronto Western Hospital,
Mark Bruder, Canada (==t 24, 2:m

|4 Ol X] &t A| AR (WET) 715

1. 24

Introduction e

WAIPF ALRECiLlIEE
Project Overview Owner

> Wha: MNoventa Energy Partners and Bird Construction v NO\ /e nTG-’

» What: Wastewater Energy Transfer (WET)
» Where: Toronto Western Hospital, Toronto, ON
* When:  Full system operational by Q3/2024 (target)

-~
> Why: Expand use of WET low-carbon heating/cocling bl rd ’

» How: Experienced design-build team led by Bird Construction

WROVATAME 10 BELARBIMIE Oua |

Design-Bullder

Wider DB Team

vandity:==="... CIB®BIC Qeumwnw HUBER o@D VA,

el ASIGHT (Psunec  SONEM  UHN Q 0l Tongwio |

DZHEHQ

Noventa Energy Partners2t Bird Construction0| 2ot ZI&iot= T4 Of|LX| K3t AJAB(WET) 152 SHZ SICh 0] A|AE!
Toronto Western HospitalOll =QI%1! 20, 2024 327 |2E MA| AARO| 2FE 0HO|Ct. 0| Z2HEQ| 4

oY H LS ot SEY UK 28 HS 2E8N2= SFATI= 40T

DamEE

Bird Construction2 0] Z2HMEQ| A I AZE Fot= dE0| SFet 2 2ot UM, et FAAe THE HA AX|HO
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Unveiling the water-energy nexus:
Wastewater reuse for district heating application

F. Sousa Braga*!, K.V. Gernaey**, S. Erbs Poulsen***, K.A. Hovmand Larsen®, X. Flores-
Alsina®*

* Skanderborg Forsyning, Dgjsevej I, 8660 Skanderborg, Denmark

#% Department of Chemical and Biochemical Engineering, Technical University of Denmark, 2800
Kgs. Lyngby, Denmark

#*% R&D Center for Built Environment, Energy, Water and Climate, VIA University College,
Horsens, Denmark

! Corresponding author: Francisca Sousa Braga (fsb @skanderborgforsyning. dk)

Abstract:

Wastewater treatment plants (WWTP) significantly impact energy, climate, and water, making these
facilities a major contributor to environmental challenges and climate change. This project aims to
transform WWTPs into water resource recovery facilities (WRRF) by converting wastewater into an
energy source. The research involves data collection, mathematical modelling, scenario analysis and
optimization to assess system performance. This work contributes to advancing towards the Sustainable
Development Goals (SDG), helping Denmark to reach its goal to achieve carbon neutrality by 2050
and assess the potential to reuse wastewater for energy purposes.

Keywords: wastewater reuse; district heating: wastewater heat recovery sysiems

Introduction

A WWTP plays a significant role in the water industry's greenhouse gas emissions,
accounting for approximately 3% of the global energy demand [1]. This makes them a
substantial contributor to environmental challenges and climate change. particularly
due to their high energy consumption compared to other sectors. Considering the
interconnections between energy. climate, and water, the efficient management of
WWTPs becomes crucial for sustainable development and mitigating environmental

impacts.

Whether originating from households, industrial processes, or businesses, wastewater
carries a valuable and often overlooked resource: thermal energy. This thermal energy
is a byproduct of various factors such as heating, cooling, and chemical reactions. By
harnessing the thermal energy present in wastewater, we could reduce energy
consumption and effectively mitigate greenhouse gas emissions.

Advanced wastewater heat recovery (WWHR) systems, such as heat exchangers and
heat pumps, can effectively capture and utilize thermal energy from wastewater.
These technologies offer energy efficiency and cost savings and have applications in
various sectors, including residential, commercial, industrial, and district heating
networks. By adopting these innovative solutions, we can transform wastewater from
being considered waste into a valuable resource, contributing to a more sustainable
future.
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Figure 1. Conceptual schematic of the project

Data Collection and model development

The initial stages of the research project involve gathering comprehensive data on
various aspects, including wastewater characteristics, environmental conditions,
WWTP configurations, operational conditions, and district heating infrastructure in
two different WWTPs (Skovby, Skanderborg) located in the Jutland peninsula in
Denmark (Figure 1).

After the data collection phase, the research will progress to the development of
sophisticated mathematical models [2],[3].[4]. These models are designed to
accurately capture the complex dynamics of heat transfer phenomena within the
WWTP, including WWHR. They consider different system configurations and
wastewater sources, allowing for precise system design and optimizations. The
optimization process considers factors such as heat exchanger sizing, heat pump
efficiency. heat transfer rates, and includes different experiments. In the experimental
setup, the water will undergo filtration before being directed to the heat exchanger,
allowing for investigations into the effects of temperature and seasonal changes and
extract data to be used for the models.

In addition to optimization, the developed tools serve a wider purpose in addressing
important questions to support decision-making. These include exploring the effects
of centralization on system performance, assessing the impact of temperature
reduction on the nitrification process, determining adjustments required for reactor
capacity, and evaluating the resilience of infrastructure under uncertain climate
scenarios, as observed in Figure 2. The scenario analysis helps understand the
potential challenges and opportunities associated with implementing WWHR systems
in different contexts,

Clerans Charage eyt g Woks bt o ghitares P

i O G Cgunty Al

o ki & &

Figure 2. Different scenarios to be analysed.
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Outcomes/results of the project

The anticipated outcomes of this research encompass various aspects, including the
development of advanced mathematical models that can be customized for wastewater
heat recovery (WWHR) and WWTP systems. These models will enable accurate
predictions and simulations of system performance, aiding in the optimization and
design of efficient WWHR systems. For exemplary purposes, Figure 3 shows both
plant measurement and computer simulations for the two selected case studies.

In addition, the research aims to provide an in-depth understanding of the thermal
and economic advantages offered by WWHR technology. By analyzing data and
conducting cost-benefit analyses, valuable insights will be gained regarding the
potential savings and financial viability of implementing WWHR systems. These
insights will be crucial for decision-making processes, helping stakeholders make
informed choices regarding the adoption of this technology.

Furthermore, the research will offer recommendations for the optimal design of
WWHR systems, considering factors such as heat transfer efficiency, system
integration, and operational considerations. The goal is to develop guidelines and best
practices that can be applied in real-world scenarios, ensuring the successful
implementation of WWHR systems.

Moreover, the scalability potential and environmental impact of WWHR systems will
be thoroughly examined. This analysis will provide a clear understanding of the
feasibility and potential benefits of scaling up WWHR systems in various contexts,
considering factors such as infrastructure requirements, resource availability, and
environmental considerations.

Overall, the research outcomes will contribute to a comprehensive understanding of
WWHR technology, its potential applications, and the considerations relevant to its
implementation. The findings will benefit utilities and decision-makers in making
informed choices about adopting WWHR systems, ultimately promoting energy
efficiency and sustainable practices in the water sector.

Impact of the project

The project aims to uncover the potential of wastewater as a valuable source of
thermal energy and provide innovative solutions for its reuse in district heating
applications. By integrating these systems into existing infrastructure, significant
energy savings and reduced emissions can be achieved.
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Overview of WET System M_;

Summary of System

> Temporary redirection of flow/solids
(closed loop)

> Transfer heat to/from raw wastewater
(heat sink or source)

*> Use HUBER RoWin® Heat Exchangers

* TWH Phase 1 flow = 522 L/s

* TWH design capacity = 1,200 Lis
(for potential expansion)

O] I2MEQ] st ZHi= University Health Network®| 7|2 8t IS &S X|Eoh= 20|, #AMQl SH2= &% 309 S¢
HAU 7Y 5l el Q719 90%E UMY & U= MA—RE F=HL, 18%*k | HUXIE SSot, CO2 HiES SiXfo| Z0l=
XS S Toronto Western HospitalO| O] Z2HEO] 5 A0 Al2i|7t HH, Y2 HItet 7|&s MEot B2 Z2HEI Tt
PASERY =

3. O AA”HQ

Overview of WET System e

Primary Components

* Wet Well (WW) shaft
(deep rock)

* [Energy Transfer Loop (ETL) tunnel
(shallow soil)

* Energy Transfer Station (ETS) building
(at Scotiabank Bullding)

E
-
=
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Overview of WET System it

Existing Infrastructure and Flows Vortex Chamber 26

D2HEO| ShAl LM QA F BiLt= Wetwell shaftCh. 0] Wetwell Z1S MTI Si4E0i| SIAZ0 QUOH, D= Hi4E HI2 22
SN H2| AHMO|| L= Energy Transfer Loop(ETL) E{22 O[S A|ZICt Energy Transfer Station(ETS) 2H0ME 2E X ™
20| O|R0{ZTIC

Overview of WET System

MTI Sewer and Flows

» One of three major interceptor sewers in downtown Toronte
* Located within shale bedrock of Georgian Bay Formation

» Conveys combined flow (dry and wet weather)

* 3,048 mm diameter and 0.1% slope at VC26

» Constructed with cast-in-place concrete

* TW collected 5.5-years of flow data upstream of VC26
» Based on TW's data, MTI average flow = 685 L/s
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Wet Well Shaft

» Create opening in existing MTI sewer

» Convey raw wastewater to WW shaft

» Screen wastewater of solids and return solids to MTI ﬂm &
* Pump screened wastewater through ETL tunnel to ETS R

» Transfer heat from screened wastewater within ETS =T
* Return screened wastewater through ETL tunnel to WW shaft 7

» Convey screened wastewater back to MTI via vortex drop
» Control flow with gates so MTI and BIS can be isolated

» Approx. 39 m deep {23 m overburden, 16 m bedrock)

* 9.5 m inner diameter, cast-in-place concrate construction

Overview of WET System e rse

MTI 5=

MTI ke E2E AILHO| Z=Q intercepter & 6HLtZ, Georgian Bay Formation2] M0 Xt2| &1

SHAEE 22 YOI HAE £8F 4 UOH, BRHOR 612 685L/52] 550| 7|SET Uk

olomn

Overview of WET System

Existing Infrastructure and Flows: Vortex Chamber 26
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Sewe {oeep o) fr)= Tl (desproch) = A]
1 ]
- T i
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Batarn Tong o= 44
Bawwe (uratm we) | |2
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Overview of WET System

Exlstmg Infrastructure and Flows: Vortex Chamber 26
. - [ |

TRl ——

Vortex

Vortex HH= SE2 MTI ol 2 REok= HYS ofH, MH 9| HHOI= Tfet 714 247t Z3E(0] QLY. Vortex HHE %SH S5

0| L{247tHA deaeration tunnel to MTI(MTIZ 0|0{X|i= &7| B{E)Z2 QE&|0, 013201 WetwellO] AX|E 0 H0|UCH 7|ZE Q1Z2tot

o ¢ 3 B YoM B2 021F0] AUXIT, SEHC=2 IAVt A== U

5. 8 1= H sHZH

A 71E

DZHEQ| &7 7|20ls Bwhy|Q A7 U MAX|, MTIOIN AF2lY 2 H49 R L X2], Energy Transfer Station(ETS)2Z22)
0|5 & greto] ZeHEC. 2E A2 AS2 FAH0(1 HEX0|H 7HbetE 2F0 S TAE

hz

ol
=

Design Criteria and Solutions

For Wet Well Shaft

1. Demolition/Reinstaternent of Viortex Chamber 26
2 Diverting/Handling Screened Wastewater/Solids from the MTI Sewer
3. Conveying Screened Wastewater to/from the ETS Building
4. Returning Screened Wastewater/Solids to the MTI Sewer
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Design Criteria and Solutions

1. Demolition/Reinstatement of Vortex Chamber 26

» Flow from the BIS must not enter or leave the construction site

s mmes  vreatusk

Design Criteria and Solutions

1. Demolition/Reinstatement of Vortex Chamber 26

* Dry and wet weather flow from the BIS must still be sent to the MTI sewer

N ] S - o]

e S

THURST STREET

Design Criteria and Solutions

1. Demolition/Reinstatement of Vortex Chamber 26

* The general functionality and flow capacity of VC26 must be reinstated

ii
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Sue| BA A WX

e S0l 230] Y22 FYUEK| S YA E5EE X/ 255 26| AT = §2B=2, S50| MTIZ 2012 =
UEE 22 MO|ZE HX[ol0 SES AT SAK MTIZS| REE 7HsoHA -

HH Ol 7|sE 20| SEol/| ?loh, YHE E7Hotil S50 AL RAIE + AES 7IsS 2E5M0F . 0] HH= 50| 40m 20
Tl ROz SOA|TM LU =+ U= ZHE, HIE SH H7RHU S7| R, A5 S M2l + U=S A A

Design Criteria and Solutions

2. Diverting/Handling Screened Wastewater/Solids from the MTI Sewer

» Convey upwards of 1,200 Lis
from the MTI sewer

> Mo permanent structures
allowed inside the MTI sewer

Design Criteria and Solutions ..!-lm

2. Diverting/Handling Screened Wastewater/Solids from the MTI Sewer

* Be capable of isolating the MTI sewer from the WW shaft

R s,
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Design Criteria and Solutions

2. Diverting/Handling Screened Wastewater/Solids from the MTI Sewer

* Screen the raw wastewater of solids inside the WW shaft

ATald o 2|

A 71z0| T2t 2F 1,200LE XM2[H0F YR, MTI ROl S+ 225 X[ 4= gl TetA IR0 #2225 =2 MTIo|

A
= T =
T&ots WS ABSIT) 0] X2 LISt CFD(Computer Fluid Disfiner) 248 Sall MAEAUCOH, SES SHIEA RLd £
U=S HCE

MTI 5t==2 WetwellZ Z2|o7| ol £20|= H|0|ES HX|ot0] BLet 01| BiX[5Hl MOE 4~ A=S Rt Eof, 2324 &
5 XM2|g 4 JA=E HUBERM|A] HM|Z5H Rotamac 700xI Rock 4 A3 2|LE AMEFHCT. 0| AF2|LE = 200LE Mg =+ U
0, & 6707 2X[= A
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Design Criteria and Solutions

3. Conveying Screened Wastewater to/from the ETS Building
* Convey upwards of 1,200 Lfs from the WW shaft

* Use submersible pumps at the base of the WW shaft

* Use forcemains to convey wastewater to ETS building

* Use a gravity return line to convey wastewater back to the WW shaft

Design Criteria and Solutions

4. Returning Screened Wastewater/Solids to the MTI

* BIS (330 Ls) and Gravity

Return Line (1,200 L/s) T
have separate IPEX Vortex R
Drops —

* Not economical to

consolidate flow
insidefoutside shaft
Design Criteria and Solutions am---__

4. Returning Screened Wastewater/Solids to the MTI

» Return all solids that are handled by the RoK4
screens to the MTI sewer

* Mitigate the accumulation of solids after they exit the
Rok4 screen chute

* Resuspend the solids in screened wastewater prior to
conveying back to the MTI
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Oflx] HS 2 et

AT = H

4= Energy Transfer2 22l 12 HluX ?_fEfﬁfEf 021 71e) =5 HEE Moo £ 300LE XM2[ot, Energy
Transfer Loop(ETL) E{ES Salf LSt £ TH RIS &
2324 & I TFHES MTIZ BI25he -0, 2581 & IFS2 LIAF ZH|0|0E Sall MTIZ S0iD, ¥Y ERO &
e 28 080t0] Btz

i

4-

6. 218 HHIOIE

P A2 Wetwell2] 250]0, B{E1} OLX| BSA= 214 SOICE
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Construction Update: Wet Well

(how it started) fryintie

e
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INTEGRATED WATER RESOURCES MANAGEMENT AND
CLIMATE CHANGE

Reaching Carbon Neutral Water Services in Finland

Presenter : Suvi Lehtoranta, FInland

HIZ 0|8 Al 7[&0] #3510
6.6 INTEGRATED WATER RESOURCES MANAGEMENT Room 715 B
AND CLIMATE CHANGE Technical

Chair: Kay Moeller, Germany Co-chair: Marjolein Vanoppen, Belgium
Adaptive Pathways Approach To Achieving City Water Resilience, Ryan Brotchie, Canada

Designing Wastewater Treatment Plant Sites To Deliver Significant Biodiversity Value,
MNatalie Hackett, Australia

Reaching Carbon Neutral Water Services In Finland, Suvi Lehtoranta, Finfand

Circularity And Sustainability Of Minimal Liquid Discharge Desalination System And
Products: Assessment Approaches And Allocation Methods, Jodo Ribeiro, UK

POSTERS

Thirsty Crops, Hungry Populations: Balancing Water Use In Bangladesh's Diet, Kamrul
Islam, Japan

Impact Of Wastewater Characteristics And Climate Factors On The N2 And N1 Gene
Target Ratios During Wastewater Surveillance Of SARS-CoV-2, Lena Carolin Bitter, Canada

: rbon .
ing car services in

Reach
Neutral Wate

Finland

Suvi Lehtoranta, PhD

Senior Research Scientist, Grpup Manager
:'é&stainabirity of Climate ._St:lutlons
Finnish Environment Institute

Susmen Wﬂril‘lﬁt“ilﬂ
Finlonds mifjdcentral
Finnish Environmant Institute
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e

Water Services lnpumnlnllnbnd ' mem!hundmm“’!
in Finland ! 5

-h.' 5-6 M mﬂmﬂonmwmw 112

\ —_
3 Waln water bodies "'-._ | e e water
- N e S
- Lkl 1.800 P s

e g g ’ gl V.
e T B [ i, il [lemine——

o =T =90% | = =114,000 km

. 1&::. =85% | == =60,000 km
I:I-ru—q---—-‘l- b = = _-J

".

5
THEE 21712 90% 00| oM == AARE ALE SOIH, 21719] 85% 0|0] Sk AIARLE HEE AL S8+ U
=, 5 2 0|d=E Klot+& Sall @20, 1800747t HiE = AfHIA S 20742 MH|AT TR| 2 AL 80%E A2 Y2 9
ZE7t &2 HO|CE HREEQ MHA AE0| 550 YIXIEHL Us XS =HlF + U

Climate targets - Finnish
water sector

« National carbon neutrality target by 2030
have been set for water sector in Finland

« The target do not specify how carbon neutrality in the
waler sector should be assessed or what actions

should be included

« The definition of carbon neutrality/net zero in the water
sector is currently missing

. An overall understanding of emissions was missing
when setting targets

- What are the GHG emissions of water
sector?

- How much the GHG emissions can be
reduced with currently available measures?

e

2030E7HX] = 20F0A =KX Eta SEE X717 2l =3 SOIXT, = 20N 24 7tA HiEE, 24712 XNZ 7ts80 et
17} O[H[5IH = 20r2 2AT7HA0| Thgh AARIO|L = Z0r0|A S| B4 SEOH| thet 7HE0] 258t 40|,
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Material and methods

» Life-cycle based analysis (Life cycle
assessment, LCA)
CO,, CH, and N,0O emissions
(Scope 1-3 / GHG Protocol)

» Used material
« National information systems
= Literature
+ Expert interviews
Email surveys
Companies etc

QLM USH ZHIHESS siiAst, 0|2 HTol7| Qs HEORZ | CA(Life Cycle Assessment)0fl 245104 O[ASIEEA | |EH OFASHE
A 59 59 2AVIAL| HIEHS H|EotK IS XMz AX 7t HIEZ0 O|X|= TS ARt 2, of28 FHIS Sl &8t F7(01| 7[8t
S & 7IE Y=o Mot AFE Xslsict

System boundaries: municipal water sector
Emissions io air
. e
;:::.:" 50 Treavment
1By - Stomge
oot 00 §§5 Transpertaten
astewater \ianion
diicharjs
"""""""""" Nk sy foirn wosiomio
- Duslrct heating and by energy H
+ Huat recovery irom W BlevEISrs knd othet saunces by WIWTE H
Rarw n‘h@ production Fusl hﬁv@-‘mn and Ewu@mujm
and transportabon transpariaton
“Hoh, sheige restment B WWTPL and of co-digeshon planty were inic
T E {2 201 S 2K, & AARC ZAE AHOIAL HI0[E MIHE floi AlE == AIABICE ZHE AHoIRCH, &=
2RO AIAH MEOME 7|E AAHS SHEGI0] AR, Mih X2, 2177 S TSt 2010 02 82 XMEE oI -0l
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Three scenarios to mitigate GHG emissions

+ Scenario 1: Optimization
= Technology changes for drinking water production and sludge treatment
+ Optimization and changes in water and wastewater treatment chemicals and minerals
« Energy efficiency and optimization in energy consumption
* Increase of energy production
= Scenario 2: Nutrient recovery
= Recovery and recycling of N from reject water (ammonia evaporating and stripping
technology)
« Recovery and recycling of P from wastewater (Ravita™ technology)
+ Scenario 3: Combination of Scenarios 1 & 2
+ The decrease of emission factors by 2030 was included for
+ Electricity and heat production
= The production of chemicals

M 7 AlL2I2 S 3 = 2XeKOptimization)0ICt. S84 XMelet S2HA| M2| 200N 7|=2| SMS Saf sfet=d &
HotE =251 L] ZTHOM S| 285 Freitt & Hil AlL2|e= FE2 2le+(Nutrient recovery)0

I EA 59| 514 U HBES 55

E
0
an
4>
I
=
4>
Hu
R
m
o

O &85 0|20 4~ AUCH, HATISHQI IPgol ARt st

e -
St S Dol OLIXIS LoD, stet=Eol dit Lot 0|0 4~ U= 2

=

M| B AL Q= AlL2IR 1, 2
& AL2|20]|C}

The life cycle GHG emissions of the municipal water
sector in Finland
T
Z + The municipal water sector
in total: 0.67 (0.46-0.88) Mt CO,-
Fo0000 eq /vear
L=
« Per person:
e = 2 142.6 kg (98.9-187.1) CO,-eq /year
000 -
o _*» Drinking water:
13 % of the total GHG emissions
o
Sk = - _ + Wastewater services:
F B=a . 87 % of the total GHG emissions
' . Chemicais Othars Tolal

‘mDrwiing wabher procuchon wWsder dafribution

» Sowerage =W astewalar raatment

= Mt reaovary and destricd sl prOGUCEON Sl treatmen
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How much 'he GHG The impact of mitig m in relation lo reference
| | S e i
emissions can be = N [ P
reduced with existing 5 O
measures? —-—= ot
Chgricasy
« The GHG emission reduction potential [ ] | i: . e
with existing mitigation measures was | |
13-18% | .‘ Sutateaticr: Hutecty
) "recydnom mdpmduwdm":nmergym | | ——— Fpp——
i M.
, the reduction potential is | | [} —
higher (14%-30 %) . [ | I.
« The largest single emission-reducing [ | | [ e e
effect was the assumption that the | —— N | ™
national emission factor for electricity G T Mg, T S TN i
and district heating decrease by 2030 = Scorarts Cptmizaten & Scarars Nitrand ocowmry & Starark Crretiratn
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In preparation 2024-2025: National
roadmap towards low-carbon water
sector in Finland

D) Other inputs and cutputs
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treatment
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TS6.6 | 7=

Integrated Water Resources Management And Climate Change

Adaptive Pathways Approach To Achieving City Water Resiliene, Ryan Brotchie, Canada

1. 2E % PPT 43

U FX| MY : Adaptive Pathways approach to achieving City Water Resilience

Califonial| Lake Oroville, British Columbia2| ski-field, Texas2| HoustonOlA] 22 otAL 2 A7|E EfL] X|T 7|SHSI2

01510] TZIX| T5IALCY,

.F,n_'th ta
Resilience

adaptive Pathways
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3. QIEjR ¥
Date : 2024.08.13. 09:45AM-10:05AM

Interviewer : Hyuntae—Kim / e-mail : ht0621k@uos.ac.kr

Interviewee : Michael Yu, PhD

Senior Specialist, Water Supply and Urban Drainage / e-mail : zhyu@dhigoup.com
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2. QHR 82
Date : 2024.08.14. 15:40PM-16:00PM

Interviewer : Hyuntae—Kim / e-mail : ht0621k@uos.ac.kr

(1) Jack Yang, Product Marketing Director / e-mail : jack.yang@comcore.com.sg

(2) Thomas Nge, General Manager/ Senior VP of Business Development /e-mail : thomas.nge@comcore.com.sg
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Interviewee : Mark
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Recovery of thermal energy frem municipal and industrial wastewater
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HIZ : SECORR(correlation-based measurement), AQUAPHON(waterproof acoustic leak detector)
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nd (BOD/CTD) in 10 minutes attracted man)

5 to the booth as they wem already familiar with the conventional yet moere time-consuming and hazardoss

mathods for BOD and COD analysis

10-Minute BOD/COD Analyzer

i a BOD W,

rer’s method is empirical and not dependent or

Attendess we erested in technology to monitor parameters in an-onfine sutonomous format and were astanished to hear

about ol et ityzied by our system, This Includes parameters such a3 pH, alkalinity

conductivity, 55, Uity chioraphydl and more,

MANTECH's Online Analyzer

These anlineg systems can be plaoe rocess line, Utillzing approved
anline o obtain
ore spcurate and rellable to better Infarm water and

Sinoe our systems require minimal sperator interaction, reswlts and data can be communicated with Modbus TCP and SCADW,

Recipients can also receive email notifications with results, 2« s Tequered, o1c

ZQ 7|& : PeCOD® analyzer, online autonomous system
OIE{S L&A} : Robert Menegotto, CEO of MANTECH
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Data Stream | 7X

Datastream
1) 719 A7

Canada’s leading open

Dcrtu St ream access p:latform for

sharing information about
freshwater health.

DataStream Is an open access website for sharing water
guality data. It provides a place for water menitors and
researchers to share their data and increase the reach
and impact of their work.

Our mission is to promote knowledge sharing and
collaboration, so our waters remain healthy for
generations to come.

www.DataStream.org

DataStream 4=&! G|0|EIE 3R]a17| 2l 2

KIHot, AREARE =2 HO[EH0H| EH Bt

HELIE|, M5, GITAHS0| B2 water dataZ 20t QF ZHES S5 2L, O1= freshwater health0l] T3t 2594 O[sH7} BAlE 4

Q2. = 5719 A RIS QOO Lake Erie, Lake ontario?} Z&HE|0] Q= Great Lake= 48 FH0|A ZLIEZ £/ QICH
AEE 4 Q= S HOHE SR/E 4+ UEs LE UMA 7S MESECZ M FHLICHS] X|ALSt e Atelg E5E 4 Q=2 X|ot
H, 35 SH 2 S 0|B0HC) 0l= 2t5t XIAS UTAIZ|12 O L0} 27t 2&Eote R4S 1142 ESo/| fish H™, £X|
S22 0|0{H = Utk= Aot
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DataStream helps communities .
protect freshwater resources From Data to ACtIOI"I

Open data suppo laboration

and er

i Menitering Groups
g & trusted, open-access space to share water ng 3

wam I3 transforming collaborative water
n Canada,

I the Mackenzie River Basin in
oration between The Gordan 7 ==

wnt of the Northwest Terntorias,
arners. Paolicy & Action DataStream
dge can b
The success of Mackenzie DataStream allowed the modsl 1o
wpanded o Atlantic Canada In partnership with Atlantic
Water Network, to the Lake Winnipeg Basin in partnership
with the Lake Winnipeg Foundation, the Great Lakes and

Saint Lawrence basin, and now, the Pacific région

Open Data To Knowledge

ope ihe knowleses,
5 il fusls

Today, DataStream is a registered Canadian
charity. It is used by a growing network of
more than 280 data contributors.
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ADS

Case Studies
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Giant Goose Ranch
U2|0] F= 222 50712 4 2! 800 0|01H 22| W4 XM2| A2 HIE HZ g1t

Blodgett Landing Community WWTP
O]= Newbury X[H0IM & EAE IF7| @Igt TI2HFH0|H 99% EA MA7t 7Hset HE ARE.

Big Bend Airport
FHLICH UHEL X|99] 38 HO|E9| Tl M2|. Al7HE/719E ZBLEES &6t

20X HI0/H M

Lifecycle of a Raindrop

ADS - Bl #E NZE

« HIE &4 Nyloplast, Duraslot
« HIE &% 1 N-12, HP STORM, Single wall, Geosynthetics
« HIZ X% : Stromtech, N-12, HP STORM

- HIE X2|(™a}) : Water quality, Inlet filter

ADS - H== X|2| & Kol ST A MZF Dot Wismmte Rechacti Qs

* I§& R~ Septic Tanks, Portable Water tanks. . -
w‘lﬂ F‘m.n;n-
= Collection Toics Wisker Tanks
- M X2|("3}) : ECOPOD, Whitewater, Advanced Enviro-
Septic(AES), ENVIRO-AIRE Package Treatment Plant

Gl 5 e -

.« X2| B4 2A: EZflow, Quickd Chambers, Quick4 Chamber, Arc Treatment wen et

Chambers, ECODRIP

a 0O00d

-

Dispersal Y s Cramir Grsaars
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BayFilter™
Stormwater
Treatment System

The BayFilter is a state of the art stormwater filter designed to
effectively remove pollutants such as total suspended solids
(TS5}, phosphorus, metals, nitrogen, trash and hydrocarbons.
The compound spiral media configuration allows for a large

filter surface area in a compact footprint.

ADS - ZIZ EIF : BIE ®2| A|A BayfFilter
BayFilter : 232|E XZ&A LHL0| HiX|E 7IER|X|S 22510 £2S HM2lot= 7%
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o rlo

ball

0

I ZH0| welotes AR

o 2
| RS AlLSI0 7tES| X2 T8 L8 4= QUL

A

)

7tESIX| LIFO= 2EM M8E= 2, & fY
ULt. OIZ Sofl 20|t A2 8 K27t 2Qet 8l2

10

CiXIRI2 Z7101| 2t CHSH, fi-tet S+ A0]9] 0| A7t U= 0| T2l 421 X2
7IM22 M7Hot= At 7IE2IR|| WA BL0HH, 7IELX|S| it 228 HAME 4 U= Y= FdS LR IoP| ?loh =715

21 &e|7t HRoH.

352 CiRE SM SAITIAR



IWAWWCE 2024

ADS | 8%

ADS

7|=9 : BayFilter & StromTech

EF A 20l |E | ReRYIE

1. BayFilter (2=0{1}7|&)

BayFilter= 2 H7t L2l 20 2£2| 2LF=EE Mot AI2ECZR, = R+ HU=l L¥=2E EHYoke J2= gl
C}. BayFilter= 2 292|E MEA(HIH) 10 AX|E K2 74Q] 71ER|X|Z FEEULE 2 7IER|R|= 249 FMEN RF=HE

Oiitoh= s U

353



uy
Hu
nE
o
N
(i)
ro
m
io

., ;-IMLET

[ -EYPAsS o [ “\l.__ L - BYPASS
' I s,
: E . _L OUTLET
— B o ]
L J_ ) ; [@]| =@l :
e —DuTLE P R I
Plan View Profile View
(=] —_—
AAH S0t ZEF 2l2|0] CHet Bt
FIEQ|X| X
) ~ L ol Lo QUTLET FIPE
BayFllterQI F2 74 24 FIEXIQUL 2t FIELKE 85 P - MR RELEASE VALVE
o AN} LASTS WERIBUC FHERIXE 2I2IE HEL pouyes — I
j _ _ . PATHWEY
o0l HiXI=™, 20| 7tEZ|X|Q HHE Soll RN BB 1H L
L _ MATERIAL £ : e
2 N7l 7, SfHe R SELLE ittt g5 g ow
SPIRAL | 4 bR ORIFICE
DRAINAGE el
AN o A ,
WATERIAL ’: i : LEL
S ) FILTER
20| 21 M " -
d coLiEEnaN
| asra |

1) BayFilter 7IE2|X| £H ¥ 37| W&
AAHID BIE 520| QYUH BayFilter 7tER|X|7t ST ELICE

BayFilter Cutaway

=2 B9 7Yl Sdll 7IELXZ S024, 0] IFEuIA Lt

o
Ao THO ol 5717t MAEUL. AO[HS| HHt 7|sS ¢

otikl= S7| M7t o

Qe

40
oy

2) positive head 0fa

IHZ RUE 22 inlet-flow conduit-spiral(&7H SHAH)S A
X = O|sELICE M2 =X 22 2 engineered mediaE &
of +Ho= 521, XM2|H 22 engineered medias WIALIR F
outlet-flow conduit-spiral(AEAM SHEHE)S 1Y BOZ 55
LICL ZBHCZ ot S2 o229 tiE7E Soll AIAH-S HhA

Lt

3) negative head(AtO|™) 0f1}

U=9| =27t 7IEIX|Q] 2|2 HE |20 HOE I MU MO[HE AtEok= S AlE2| +=¢l= HAt O

354 Cixg htel sAQITARIEt



IWA WWCE 2024

4) MOIT E120|219t RAI2EHY iR

QT 0212 2917} KOFKIH 3717 TELR SO017} AMOIHO| SEHELICE MOIHO| SR BE 20| LEIS Saf =ot S0l o
B CUAIR{0| SUBILIC SNAS TED] BEE YXIS HP{0lD BIES XLEGH= Tt USUCL HAE Xt= TSRS ot
o HXED, $SHOR HIHFLIC

To

r

FtEZ|X|2| X2| 8F
O S0, olLte] 7tECIRI= =29 2.84 2|EQ] S5 X2 &+ JAFUCE O
2oL} 7IEL|Xl= of 14700 213 Z=7|2 WH|sH0F S5tH, Ol= 29| SEt FT=9| 0| M2t F2ta 4~ AU

FHERI| L 7=

FHERIX| YISOl 2247} A0 QoD Ol 849 QHS TS OulsHE O ABELICL FHE2IX|Y B2 7X9 2| 45E o
A Al D230} & E25 @4LICt

FIEQA 712X MFArZOl gt 2

O|cioje 221 &4

A2 3719] 0|50 YXt= S22l S20[Lt OFEol| 2l &/ &2 4 ASUL. 012 QI ZEO| +HO| Aot 4~ USH, M A=
wACHOF g L7t AZUL. BE7F GHAE I A2 UAS0| 221 &4 Q0| RAI==S HA|E|0{0f 5tH, Ol= EHO a8dEs 2
e

=3t 0|C]0je] ¥SEE
2E 9| 5t ETZ0] A0[H, EE7F HMXE I 0]2(3F FMSS0| MAEUL. 0f oM ZEQ] A2 DL 07t &LER]| 2
= AVt sEun.

Ot 2 S0 FXIEs
BayFilter AIARE LEPHO2 B|7t B0] 2= X|HOIM AHBok=H], M2 |2 M2|ol7| #foh @A 7tESX| 28 7HX(2 ASU.

t
FAIES 3712 2 Al 22510, 7tESX| +-8E SH=loll F71M2= W = U= A=0] ELELH

= OjCjofe] IS0 tigt &2

© 22 0IL0E 7HXL AT Ofnf 20N S2|X S20t 0P| Ofo 242 -0l U=, 2HO| Li7-g0[Lt 30| Tl o At

HHEO{0Fok= 2MHM= OB thSot ALR?

« ATU=9f XMelet DLofe] Eovt QU] MR, 2= ZHO| 2Z+HS0| HiE 2LB=Z0] 40|11, 1 0|0 MHO0| #5322 X|27|
20 OJC 017 {0t B0 BER & ALY 5= 242 oL

« TEVFAMAE O, 000z FH=0t BEELL. 2HO| ofH0| HH=0] 0|0, SMA g0 0] HHZS0| MAEU

355



1]
Hu
nE
Mo
N
e
re
m
ETi

X 2E W22 FIELX] HE 1Ak

4
rlo
o
Il
2
N

SYEX| HE= of2H, TE A Al D009 Li-g2 T Otl|et FE=2| 20Xl KA Y- 1asH0f gL EH
= fﬂ._P 2I5t0, Ol= BEO| AIE1 RAI B4 F7(0 Feks 01E + AsHH. 27 =0| 01 2013 XY
uHok= AIAZO[7| THZ0] O|E 07t &AL oA WA TIYSh= HEEHE @F=20| B

i, 2HE wXSICt D 2O0t0F LT

2 lo
ol
Kok
N2
o gy
Jo
ro
gﬂ
[
]
m Fl
E

=
01
%]
mjo

Ojc]ole] =& &2

o F7|

TH AAH2 F71H2 RAE7t HR5HH, 0|H 09 £40|U g5 MotE tlYah| sl WA 715 285tk= X0 SQEUH. 7t
E2X|9] WX 7= SHHOZ of 1470 FH0i|M 2'H A0|Z, =2 ezl Lo M2t EetEUn HT=0] 7HER| XS] oHH0|
o
=1

0| ZOIA = uA 7|7t 2t 4 USUL. 0l BHO| 2&dlt +8& RAlok= Hl SQEU .

[ol

aju

=

- o
)l

el

Qr210] ChEH 34

Q1. X2 DCio] YRt 2 TH20) 52 @12 ZotS ZEE 4 USLCH 02 QU5 TEIQ| Q0| LA 4 USLICL 0[] Thst i
e wte?

Al. AIXILIOK= X2 DIC|OP} B2 A4 0] MSSIES 4250} UCD, EI| 2K (backwash) UM 012 oHZE 4 ULt
T SYBILICE DICOH SAIA THOIN ARST ASIIRSHRIT, A0 D2t 0ICI0 XRPZE £A5X 243 +30] QRIELIC,
LE) SiCH| ATZ0| WY 4 QUXIR, Ol F7|XOI QX242 Sof B2IFLIC,

2. StromTech (R$4E7|2)

JlE 203

https://youtu.be/hiOhTbOEIWs?si=e2QiQtqObjaZKnR2

StormTech?| 742

StormTech= (24712 HZ O|F0IM M, LHHOZ FAFYOILt =2 Of2 R[5t +AHH 229t SA0 EX| Z2f0| 7HsEH

Ct. StormTech®| SHE &4 041 240 2HQl AL

x
StormTechi 71Z9| T 24 TOITS ChAIZ 4 IOD, TR ZH Yt 712i02 232(E 9| ZEE 7D USUC B
OFR| A7il= 558 FHOR MIUSH=E BUHRLICL Hie] 371= 12 LIFOIKIDE S8 200 M2t K, 45| 21X 58 12

5101 Metat 4 QL

Ct.

356 R i SAQITAIRIE



IWAWWCE 2024

StormTech?| 7|2 744

o HH B AARI0IE G2 242 Tt BIXIEUCE 2t M= 29 552 2ol HWES Toke dYs U
« = HH FEL R0 = F/HHQ S0| BIXIEU 0] 22 22| 552 A7 |1, HES0| MHAAEA 22|12 & U=S YU
* ZE(Isolator Row Plus) : ZH{2] IS0 IX[5H0H, ETE +HO0| 2 0[RUX=E SEULE

=
=3

w
L)

i

2|

~ INSTALL PLAMP (% 24° (630 mm| ACCESS PibE
CXIVER F'E CONNECTION T3 BN CAR WITH ADS — f — DRTICKAL ISFECTION PORT
GEEYNTHET IS 1T MON-WOVEN GEDTERTRLE | { Ty f
r Al RMG-A HIY
4 | / CHAMBER [ME-45:0 SHIWN| |.'I|'l r ENDNCAP (WG~ 500 SHTW)
|
|

AR
2

STORMTECH HIGHLY RECOMMENDS —

FLEXETORM IBSERTE (N ANY UPSTREAM
STRUCTURES WiTH OFEN GRATES

ELEVATED BYPASE MAMFOLD ——__
-

i

SUILF DEFTH TRD 8Y CATOH BASIN LY
SITE DESHGN ENGINEER

) T : / A TEE i
(247 JE00 mm] MIN RECOMMENDED) AN \I I.' |.'
r L 247 (800 #vn) HOPE ACGESS MIME REQURED ¥ OME LAYER OF ADS PLUS FABRIC BETWEEN
i UISE FACTOMY PARTIAL GUT EMD AP /] FOUNDATION STONE AND CHAMBERS

10T (30 ) LN WIDE CONTIMUGOUS FABRIC WITHOUT SEAME

o Q4 Q0! H|7} U2|H, 4= MED HISHI0|Z E5) StormTechE SAUELICH QU= 2SS 2 QX HAH= MEZ HHO| S
7

X

(b3

a0

[=]
© N Raec YH HRO A MYEH, 0] REUM HES0[ 52 Jitgrg U H9| 2= 22| 552 L2l ot

loh
o

[mm) =
A FL, Inletdt 7p7k2 HHEH 20| MEEHH, 29 S5

=
S B} Outletll 71712 M= OJSELICY o £ R
. HIS : HEEUE SS 514 AAZIO|L KR! 22 S 0[0f% g Yy E AN
i gmatips \a L |' =
£22 HiZEUc : iy

4. 9 12 Arg PR U=

- 8 At : StormTechel 82 X0l 2L} OfAtE=
P4YUS 7|8IOR HAMELICE 012 Sof Z26t XY 21 - anerunas
2| S22 ST TG 24 MA [} Mol |[ sz
2719} 42 MEHEI0] GIATOR HIR[BILICE &

5,

e WYEN FASFIC FOR S0UUR FROTECTIIN

357



uy
Hu
nE
(]
N
(i)
ro
m
ir

Sign Bt

......

BN TotalAllBeds - =

Advanced settings
Drawings & Raports = /
Contact Us tR= 4
‘i P U= S o
I |\ — =l
« Y EY AS Y HUIMQ Hdnt Fao HQeL T 0] M HIH0]| A0|HLE BE7E 2olH, &50| Mol 4= USLICH
o wA| 7| BEE=E F7|1HO=Z WHCHOF 5HH, AIARIS| HEHOI RX|H4= TRI 0 Qfah =L,

om

+ StormTech Design Tool : &7 A| ADSEt| X121 StormTech Design Tool2 0|88 4= USLICE oY &2 Sdlf StormTech

PON=]
Of Chyet S40] tHet AlZHH OSHE MISotH & deks MAlshl B HIES 87t + AsHH.

5. 712X AHUZE

2 22| : 20| StromTechtll RYUE 0, HE=7+ L2{XIBA ATZO0| BIOR JI2IRSLICE 0] TS Keisol AN B2
212 S5 0|20fLIC
oo

B b ZHH0| BIR|E 52 20| 522 SA7|1, AHS0| FYHOR 2|F 4 Y SALIC,

ASHEE K= 2719] HH7F AL, 0] T2t AXL017F EABIEZ EOEX| 7Hs UL oig XHo| =01 Met 0E 27|9f 2

=
HE, SIS AEE AQUX| HHES| Ao H 20| g = UL

3. StormTech + BayFilter
QaF|E|A| A

0P |&E ARl REA2MARS S 5 AFULE HSH0|/UE-StormTech-BayFilter?] 222 SIE0]
Lc

o A
e [=] T
&0 G UETHH MOIZ7HK| 7tsol +AHEL =20 T JhsEt

|I0II
F

358 Cixe SA SMOITIAIREt



IWAWWCE 2024

— ELEVATED BYPASS
MNYLOPLAST —\ / INLET MANIFOLD

£ RN
Eandee

CHAMBER ~ CONTROL WEIR
/_ ~ FLAMP (TBD BY ENGINEER)

530 BAYFILTER —
1 CARTRIDGE (YR} [
- T S /—#\ o v
I e e = g 1
E Juss : il MINIMUM
7 i REQUIRED
B AT
ADSPLUS WOVEN GEOTEXTILE = 4 — FILTER DROP
G i (SEE TAELE)
{ MINIMUM REQUIRED "~ 24" (600 mm) HDPE AGCESS PIPE LS AT T L :
CHAMBER DROF -
(SEE TABLE) _/
QUTLET FIPE
SUMP DEPTH
L TBD BY SITE DESIGN ENGINEER
{24" [600 mm] MIN RECOMMENDED)
NYLOPLAST BASIN ISOLATOR ROW PLUS — FLOW THROUGH STONE
W/ELEVATED BYPASS
MANIFOLD

& O \V5 77 Gt G0,

ELEVATED BYPASS i VL
INLET MANIFOLD \ I . % STANDARD ROW
|
| I BAYFILTER
| = / (VOLUMIE BASED)
| e .
| navoly

WOVEN FABRIC UNDERDRAIN / —

|
FOR SCOUR PROTECTION CONTROL WEIR o)
(TBD BY ENGINEER) &
QT 7Y
5H20| ZAUS HIEOR ADSO| F 7|22 ARSI L4XBIAARS MAF| MASICHH, MO R4 SiAS 4 AS HOZ HO
Ct. StormTech?| AR HHEE FAHOIL =22 0|8Y 4 AL EXHIZ0| H0| E= A‘I%MONE oL Fx Q0| 7kse Aoz

MZI=ICE 5 BayFilterS &7H ALREHH GJUi7iK| 7HS5HL| 22| M0I2S S5t $AMC| St T JHsS 2102 MZIE|Ct,

359



1]
Hu
nE
Mo
N
e
re
m
ETi

EI Sy | 8%

BUREAU OF SEWERAGE,
TOKYO METROPOLITAN GOVERNMENT

(2 st=%)

S =

A

Gl

OII

71&% 1 CSO YIS QI3 4 AIAY & 52 XS I3t
9_|E11-r FH|: EHO| B4 WK| AAH

1. CSO YX|E 2|5t 5l A|AH!

71E A Y
https://www.notion.so/BUREAU-OF-SEWERAGE-TOKYO-METROPOLITAN-GOVERNMENT-72d73d3560b5345eb9c033
d01fad0d469?pvs=4#{7b96e29fb884e8f99858a60fbd0f 168

(1) 7129 BfE AIAH 1 CSO LA
https://www.notion.so/BUREAU-OF-SEWERAGE-TOKYO-METROPOLITAN-GOVERNMENT-72d73d3560b5345eb9c033
d01fad0d469?pvs=4#745d4847461140169430e074857a785d

(2) 2L 5l4=E A|AE] : CSO HX|

EROf ol o=} HiolA| 7Y ol 27 A o2 0|0 AU gRM oles 2 /1E 01y 4+30] 2
ME W, ol FRIL YU ol ERSE YAIolY| Ploids 2FA ol-E MEdk= /l E24|, EFA2 eFA0 Hlal
JUHHLZ = =YY | HE0i| (5| FFA0| AZEE 397t HEUH.

R4 Shr0fA ZUE 4 U CSO(RFA oirle ERP)E OFF2 M2IE ARIK| 42 A210] M2 SFH0| YRE7| W20 28
LEE ZY 7t5g0| UF L H|7f LA IE Yo LESHO0| A0 02 7 oFX0| YFET +AHE0 AFeks DIEU

T3 o E2 0| sii&Est SIS HIZ2= CSOE UA[ot= M22 otk AIARS JICBIAGLIL. Ol AlAE2

N
M
10
o
Ju
1=
Q'L
_|

|.|-|
2
Rall
=
=2
>
N
Hu
HU
|.|—
ru
1=
=]
mjo
nx
ﬂ
Qtﬂ
=
il
o
i
=
kl
o
o
1~
ro
0%
oE
|0
HU
)
w
@)
i
0%
>
e
4>
30
>




IWAWWCE 2024

UL B89 4< 227/t dotH LE=EE E Ul20| gEol0] +A2 RES YO + UAFLILE T2 0|2 Hedt ATt

R HX] 2, QUSHE TEY XM SYM M2 21 =2 EH7EK] X (B H2 2ok CSOS YAIE 4= AFHT
A2 CSOE HAlots s ofA|T LESHO| ofrAePL 2 RYsEE HY0lE =85S FA BEaUL o0 0] ROt
o 2F=EY 0|50| =2XI=H|, Ol olrAe P29 RUNE Hes F0f ZX|7H 2QEL .

Meth 3 of=F0ME tet RE=E BHTE YRIE 12010 St ZH| SXIRUSUH. 227t 12teh HEIY FX|= ok
HHO R&S B2 TEUL. g2 R42 LE=EY 015 Lot ti=A TS0 stex2|g2z9| RY0| H&otal Btk 0|1F0
=S ssHH

o

A2 220 M2 MIZEX] X 2ot Ot

T

75mm/hrE CHAE 5= U= ZH42| FIt
7|1Z9| Si4==0fl 75mm/hr Z420]| ChREt

s £ NEERIE
LICk 9122 7170 Si4z0t M2 ARIeH ZHIOR LIOI A145] KU,

4
30
rr
r\l
=
mjo
4
N
Hu

b
ﬂ
Q'L
2
s
Mo
40
e}
o
mjo
ol
~
>
oY
|o
Hu
=
o
+
1=
gg
mju
0|I

e e S, T,

S S S SN ¢ S
e X B 75 3 YRR
\m:\n\%ﬁ\;a\~

Hmi S|

BEFF O FRIHE

Well 756 X U X IRERRR

BEFF O FAGEE & #r-de
o AR TR 75 R
(et o g i

50mm/hrE A = QU= ZHAQ| 7t
7|1Z9| 0] 50mm/hr ZAZ0)| CHREH £ Qle 7HNS X712 MX[610] HIE QOIS SIIAIZC2M Zl& TGHS BIX[at & 91

= =
L H=2 7|29 ot Mz HX[ot ZHIC 2 L0 41455] 7 gLt

361



224 27| 2IEY
~ ‘::\\\ - \\ ‘\ﬁ%
NS \‘t‘_’x\h‘b\:\\ \:g‘\\ Ef 75 1 U 3R

el 756 X U A IRERRR

piéiw 0Pl

BETFO FAGEE & #ri=72
ot G TR 75 ) BefR
(a5 A

3. ATE A[EQ| F7}

7129 SiTH(EA)0| AR HIO|THA (A7) S HX|
o

o0 8l29| 7ot sEE SIAME = UsHH. U= 7
of 50| S ol+-H2 20| R4 70| O HEA
THFUCE
- HIO|HA(bypass)Pt : RAIE SMAIZ O FEOIM =
oS oM of= IO|Z. 23] Hi2
Sl 20| BNE =5 Slz RYEE S/HMIE +
UFUL HE FUZ0| S7lotH 8z U0|9 288 =
2+ UASH
QEF LY
LETA| St
oS DfEot0d, Bt 710H Hls 24Xl

362 X" SMe] SAQIMAIIE




IWAWWCE 2024

SKYJUICE | 3%

SKYJUICE

SkyJui
F O UyNDtITlﬁ)eN

Pure Waler for Every Chils

‘Who are we

1 is anot for profit organization incorporat
harter is to provid A, sus Jl-n:b-lr‘hN
humanitarian pregrams and for ».--11:.«;@'-')' nd
ith an allianc

anou |n..‘|1h= >
or Asia, India, Africa,

SKYJUICE - 7| 2904

Aol = -

2018 L{X| ¢4 EE5H= H|IYGE| X

HES HE 1= 3

22 T3, 2 0/ RIS BRE 22| HB0| HEXO|C)
| .

- 7|
Se zjxjo| AR MASCt

© NAH RS X : F2A2 5o MR U2 0|53 B2 01T

o] RIPAEICE &Z{0f= 10,0007 0]440] & 1°7rin ;wr:

ol

£ 1 0/A=S 218 Ultraf
= ilt
x . ration(UF) membrane (812l 01f) FA. 2f 22| 282 YX| LIL0Y IxI5t
= —.—7(6

What is the core technology?

uses an ultrafitration (UF)

The Skyluice unit
ical filtration as

membrane to provide complete phys
well disinfection.The membrane module isan
ted element within the unit. The SkyJuice unit

integrat
and is completely unique

is a fully patented design
in its operation.

How does the system operate?

a mimumim head
a5 through
hollow fibres.

operates under q.ra\-i
ClEs‘;LIIEOI'l meter. The untreated water pa:
the uuter \-ualnlh of lh.pu‘aﬂd‘. of ricroporus

gens and othet contaminates
04 nmmr\ are rermioved on the outside of the
a. Clean Wi ssesthrough and is

prane e hbre
A within the hollow

The system

greatef than

|"|h=-r“
collected

e constructed?

al micro filores in each

o5 extend the

e modu
- UF m[-mbm‘t i
jstant

JI0| X} H|HE
| I' | o 7|;L(NGO)O|D:|, —:'I-[jl' 7|J_|l_|', 7|g O:IE.I E'l'i-”E_l sq01=
s = EJ—l' l:ll:lol'o:l X|_J_n|\_ 7}%@% %—?—ﬂ aj

UASH, HAL2

xg_Aézl MOE E5
SN HRE Sall M2|=H, 0.04 MICRON 37| 0] 2 =
=

363



uy
Hu
nE
]
N
(i)
ro
m
ir

WORLD CLASS WATER
TREATMENT TECHNOLOGY

« Low cost, lightweight and portable

- Sustainabfle safe drinking water far 500
to 1,000 people

« Gravity feed operation - No power or
chemicals required for filtration process

« Ultrafiltration patented process lasts up to
10 years or more without changing filter

= Simple setup and easy operation no
technical skills required

« High volume min of 10,000 litres per day

- Suitable for most non-brackish water

+ Removes turbidity and pathogens including
bacteria & viruses - meets World Health
Organisation standards

=Over 6500 units operating in over 72
countries

The perfect solution
for making safe drinking water !

Simply connect the Squirt te an overhead bucket
for an endless supply of safe clean water.

Filters up to

99.99997

\ of kty comtan
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Thinktanks

Benefits of

. thi ntanks 'Thl|iananks

———NOHTH

THE RAINWATER TAMK THAT FITS ALMOST ANYWHERE

W B e

&‘e{-m&ﬁwaﬁﬁ"«:

Why collect rai
1. Reduce your water bill

2. Reduce flooding after heavy rain
3. Enwironmentally friendly

thintanksnorth.com

f @ ? B contact@thintanksnorth.com

thintanks — 7| &4

YIS Gl YIS HIRE LIS IS KT Y3 S AASHs 719k SEAIS E0/D, 22 5 B4 L3S ZLAP|= HEBHel
YIS X AIME BIES B 20| 9UCt,

thintanks — a3l 7|=

+ HZ Y3 AHHOR HKEI0! 7 HIKO| THsot, BANLYHS F R AIZI0] £AO|LL 50| A= %S WK

+ UNHOR FZE YIS 0121 7H 010} ChR K AILE FX10| 7H5SICt,

+ %] £17200] TI5101, T 24 DIZOILY SEF| S TS ZZH0IA SR} THSIC AR SIS BRI AS 7 1F0IN 252
717] 20 20f 0 2BtCt,
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ThinTanks
S00L ThinTank 10000 ThinTank
132 US Callara a4 U Gallana

Leegih 1200nn Length 3400w
13 2

et 1200mmn

Maight 30

Vigight Sty lerapin]

130t

2000L ThinTank Z000L ThinTank
53015 Gadnes T2 LIS Gallar
Lpagit Tadten Length Shaten

17 3
raigl T

w

kgt 1 v
¥ ki

W 470 Wik 180
184

Weght 15 imraty) Weght
Pt

4000L ThinTank

1054 USGalkrn 4000L ThinTank

Lo 9w ."‘" 3 Included with every ThinTank Optional accessoriesand brackets lvalsbie st e cos)

1t
Ty l Wial Bracket

Bz Dhutiet f] PoennCover:
- Flour Ed Briskit
TNE 1 e
Overfi Flangs

taight 197000

Ball e

ThinPots
Wite' Parma

Jainer Bradirt
CannactionXit A,

e sy

Q@ & ¢

+ 0|, HH|, F, 20|, MY = U= 7 S A Y271 M1
=]
]

* Thinpots F%[9| 2 4 S0l

thintanks — 7|E} ZX|
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Neuros | 3=

Neuros

__ HIGH-EFEICIENCY
. TURBO BLOWER

C
Enargy-
Affordable T:

-

NX SERIES
TURBO BLOWER

BENEFITS

Energy savings up te 40% compared ta corventional
technalogies

Maintenance cost savings with minimum maintenance

Up te 50% smaller footprint and significant installation
cost savirgs with compact blower package design

Product is recognized by energy efficiency and
accreditation agencies for energy credit and rebates

Lo nioise and vibration far better working environment

Lawer emissions, higher power savings, ail-free, no
disposabile iterns, uses washable and re-usable air filters

5

SAVINGS

Ny
A

ENVIRONMENT

ce @ @ 1270 Michitie-Sohes, Bliimlle, TC 7CS54 | TolFfres: |-855-421- 116 . Lm;ergfr:enhf:use gas (GHG} emissions and lower
WG G- 5 CET carbon footprint

Neuros — 7|2 21
Neural(X1&)+System(AAR)O| ZE 2, s, 1ag HEl 474 % M3ol 2H, HE S3 JHY5I0 TetEH 010l ALgst
= Ol 71= SH0| ATt
Neuros — 4] 7|&
- EYE/ER/UAE YF7| & HY Vs G A, 04 EU HO HE B 7|s S0| UL
* 7I1& 71=01 Hlok 01||—‘|7(|7f Z|0 40% Hof 7hsotH, Z|A8t2| RX| HIES Soll ZHIF0| A= L
+ AT ZIS0| MA| LUSHH, MA, THARZO0| 7Hset ATHE 08 8tTt

© SUILAGHE)S B URITS LAY 4 T,
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= [ pem— iim——
NX SERIES MX SERIES

TYPICAL

STANDARD
BLOWER PACKAGE APPLICATIONS

= Aeration for municipal anc industrial
wathewator theatnant

m Industrial spplications such as pneumatic

corveying of povwdens and maternisls in
cement, wood chips. eoal, limestore and
plastic industries

® Prieumatic comveying mnd blendng

DESCHAAGE DUCT
-ll AR DUTLET for petrochemical industry
/ & Chicization i power plant
desulfurization process
= Cooling air for power plant generators NON S CORE
MAM BIR INLET = Combustion gir in power generation plants CIF Nt SERIES TURBO ALOWER

= Airknife application in steel industry
| ¢

BLOW-DFF SILENCER \[

BLOWOFFVALE — SR

FLCBASED
LOCAL CONTROL PANEL
'WETH TOUCH SCREEN

m fkomization

VD COOLNG
AN INLET BLUWER CORE A

SIMLIS FILTER

PACKAGE DEMENSIONS WILL BE VAR ABLE UPON NEQUEST

5 CORE
OF X SERIES TURED HECWER

A(Main air inlet)2 Eoll 27|17
Aot B 7Y AMO|0f] U= EE AT &571= A7S A2 BLOWER COREE S ELY.
fTto] BLOW-OFF HX|S Sdf M2 4

7| Wz ME| 2 201 BLIHE MX|E QIO

30
o
n
o

__IJ.
__'J.

o > O

|

Neuros — & £0f

* Hj== X{2|0IM aeration(F7)0f AR, YTAL| Bt IPH0A At X0 ALZEIC.
- MY HEUM S7|1E ST LYt YA 2t 70 Al EH

o O Al A2 YR, YA BEAE B 2ol Al AR E.
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Tokyo Water | 3%

Tokyo Water

Maintenance Wo rk

m Raw Water Conservation Forest and Reservoir
We manage the water conservation forest {about 24,000ha)
and reservoir, which are owned by Tokyo Metropolitan
Government, to Mairtain (ks function approgriately.

® Operation and Maintenance for WTP and Water

Quality Control

We conduct WTP operation, water quality eontrel, and O/t

work for related equipment in 24/7.

Population: 13.6 million
Daily avarage distribution amaount: 4.21 million m3

Survey, design and integration

Ta research the state of pipe laying and other wlility's pipe
such as gas, sewer, SeCtricity due to construction plan

Total pipe length is 27 000 Kmy, (arcund 2/3 of the sarth)

- mConstrucktion Management

We Supervise water pipe installation work in terms of safely,
quality &nd proper schedule based on the plan and design.

Replacement to DCP i conducted to 99.9%

mSurvey /diagnosis, leak survey and prevention
We conduct survey and diagnostic work for water related
pouipment such as valves. all of our staff are experts,

| Leakage rate [n Tokyo 3.5% 2021

Tokyo water — 7| &t 274

a8, ottt S CHefot =20 tHollA 7, 5+ C

o= 4H|0f M2t 22 HelE MEet 71719 /LI, A £80| 7ksott.
A
T

S SIAO| QRE oK 4 QIXIBL Q4L e TS IO6H | OfRCY,

m|ru
oy
=
el
rr
oz
ﬂ
=)

UOR L2|L{EtS| k—water}t H|==TH =7t 7| #O0|C} &

Hlo| BUERIS
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Gretario | 3=

Gretario

IMPROVING YOUR WATER QUALITY

water quality in a tank.
Fluctuating pH , temperature change,
disinfectants ing with organics, or water age,
the end rasult can be devastating. Public
complaints, negative PR, fines from governing
r most importantly, health and safety

Proactively managing the quality of your

water can help avoid all these issues.

Many factors influe

Greatario is improving water guality in reservoirs
and water systermns across CANADA by partnering
with IXOM Watercare. We offer solutions for potable
and waste water applications, by offering trusted
names like Gridbee™ and Solarbee™ as well as
others from the XOM lineup.

Combined with 35+ years of experience providing
water storage across Canada, our team can solve
real-world prablems for real-world people.

For more information call (866) 299-3009
or visit us online at greatario.com/greatwater

Greatario - 7| A4

HLTte) +342] 7|
E5t KF Y3 HE 2OMAE 5

Greatario -

_|
T
=
B
m|> JH1

K| &A135 of
SIE|2|0F H|A, <

go=, Lot EFO =
o
o=

2T M S Tl

WATER QUALITY APPLICATIONS

POTABLE WATER WASTEWATER LAKES & RAW INDUSTRIAL

= THM & VOC Remaval
= Chiarine Mixing

= Stagnation

= Tank Stratification
= |ce Mitigation

= Wet Well Mixing

= Activated Shadge

= Oddour Control

= Clearwell Mixing

= Basins and Lagoan Mixing

DID YOU KNOW?
G ers a FREE TRIAL
clude a

SA4E), VOC(§| RIS, g4 2, YHE S
P ol M

- Conling Pards
« Stormwater Pomds
+ Solids Suspensions
= Udcur Contral

« Cyancbacteria Contrel
* Ddour Contral
= Vegetation Management

+ Blue-Green Algae [ancbacterla)

ith a performance guarantee,
ct our Team to take Advantage of these offers.

SR0|CH 42 J4M 20t SRS K| UL
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When you invest in a GREATARIO GREATARIO USES THE LATEST

glass-fused-to-steel tank, you select 3 INSPECTION AND REPAIR
product that requires the lowest HHU[UGY
maintenance of any tank available today, TH

EXTEND THE LIFE OF YOUR TANK

However, even with the highest quality of
glass-fused-to-steel coatings, it is recommended
that periodic inspections and tank care service be
performed as a good preventive maintenance
policy. Exterior and interior inspections, along
with cathodic protection testing are good
precautionary measures to keep your tank in
proper operating condition,

INSPECTION & MAINTENANCE > . ' .' NEW
: ONLINE SEDIMENT

We are pleased to offer inspection and REMOVAL
maintenance services for not only glass-
Fused-to-steel bolted tanks, but also for
welded steel tanks, and concrete reservoirs,

- Appurtenances Repair/Replacement

= NACE CERTIFIED:
- Cathodic Protection Testing
- Coating Inspections

= Cosmetic Rehabilitation
= Mixing System Service

= Tank Cleaning

« Tank Inspections 1 ”
- Remote Operated Vehicle (ROV) Steel Bolted Tanks Welded Steel Tanks Concrete Reservoirs
- 4K 60P DRONE . In & Above Ground

OUR PROFESSIONALS SERVICE MOST TANK TYPES

Greatario — A& sy J|=

« AXHO 2t Steel Bolted Tanks, Welded Steel Tanks, Concrete Reservoirs(In & Above the ground)2| 37+X|7t AT
+ Tank®| S44 2A =0| Az AR Qlot HpJH HQSH|, Tank HaaLE EHE MM S HFE Sl BIGTXNQI XHALEO0| 7HSSILt.

oo T 1y

Greatario - 7|E} 7|&

o A0 AR EE AE0|L QLAESE SUE 97| ISt E&(Mixing) 71&0] QUL
e TankE L2 X2 0|™A|7|= 7|=0] QULCE.
+ TankQ| i £X 25t Ultrasonic(E2I), NDT(H|IH 2 ZAD S0] QILCt.
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Bishop Water | 3=

Bishop Water

Bishop BioCord™ Reactors
for Wastewater Treatment

irmple, low-energy nutrent remavil

Bishop water — 7| A4

I
da
0%

RS 42| 7|HC 2, Y= 01&2t 7IHstl MOUX| A8|2 F RO 2 X0l MAHE + Y72 Tidst= 7[H0IC,.

40
r

Bishop water — sti&l 7|= : BioCord

+ USR5 IXS0| 492 T4 012 752 B8 oje X0(C,
- MBLE B4, B SR X2 T IY S CIYEH ERA0A AS0| TSI,
3 B19)

X 0 71 HiXlet =, £ 01 4=0] by | 422 IS Soll F2 +AHS Y FFE HMA 7tsott

I
[
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Costweﬂectlve customized
to your unique needs

Blotord™ Rasctoes grovids 4
saryn, boe-arangy, fred filn
biclogical teaimont process io
crarmaricaly it e caparit
ard priior e of wisheni
Ingooes and conventional aciivaied
sludga systoms.

Moddat BioCorl Rbactin ang

lila eandomiriums fer bactera,
Ircopansting a comtminstie cesign
that sises up thrsagh the wite:
erhamn b surt virually any treatmat
canchtions and plant design

Thes neacior frama suppois dansely
amanged lnops of polyrer b sy
[prenvichu & micsive sreos ansa on
which prefiamad, maturslly occuming
buacteris ca

v

Integrated asration grids
powered by low-energy
COMpPprassors

Each BiaCond Rnocter & squipped

suppen bacterial growik snd rutrieet

removal. Tha mixng and agitation
st hekos shough e ceas bigkim
frem i medis o maintain tha idas
alory siza and compesition

Install, serate, grow
NiaCord Rasctan ww
dissctly into an exsing sratmant
systam, which huipn to drsmatically
reduce copitsl cous by sweding
axpangen b5 e plant faotprint or
adding scksteam peocess ks
Cinc inetallad, » SioCavd Rescio:
i i a-reculaing, e weny
litthe e ctesty, Wl eauiins almast
s oeeratie aweesight T schis its
pertnrancy g

Theses capital nedl cperatong

benates mata BioCord Smacsars the

il skssen to Fmpoove e stmest
capacity, accel ot nutrant remees)
and sbvove rauiatory complanca,

A optimized B
capable of achi
I Earget muArints and
inchadivg:

«  mmonie S0 o greater
= Toeal nitrgen: 5% or graater

B B o grate

BiaCord Reactors are idesl for incroasng
trmateveet caparity wad mprning e
rermowal in mukioks sppcations:

= Municipal wastrmser lagoom
®  High-stangth wastewster (amment
0 reducs smmenls, phasshons wed

The advantages of

Bishop BioCord
Reactors

- [~ Dynamic ammenia removal

u-Fior e

opEratng N iEmp

Bioerd Aeactirt respond qustkly bn reccs amrsceia boveh arct
ki o St afTlasat Th 1 usHTs spsns e ey AT,

(1, Custemizable design,
C/g; performance and deployment

BRaCadd Reactors offer a flasdble, meddar design that

[L& Rapid capacity expansion

andad s

Troatmant plant capacty can be 1

with a fme-busbla secaton pesm suspandad solide:
that provides e sptinum ol *  Food preossing, days, whi ihe gl
i v days, wehi thi pled renain
af cmy g HRnvlT a%d ming 1o . grcuitm;
< * Mg, in opeestian

|=~oc4<o|:rv-:r\- el

=
%ills-uw.

BreCast

u Trusted, resilient performance

BioCord Beacun e sall.

wrepihes maimtenzace

for wacace, while

attain syrtam e

1 wiclies come gty of 8 fullsealn BioCoed Baacte

Blihopwstarcabaorard. cesdall

-Eﬁ,? Low capital and sperating costs

edcitional tenks o
blowrs. to cpeats, proveling a

BioZord Renctor systams soquis n

Bioterd Reactors encray

consumption i aliserathees

Bishop water — BioCord E% #1

- BioCordi= ZHEAGHDH, O LAX| AHI7} M1 MBS S8t BT MBHHR T 27} 750l
. Eppl 2 49 IS MBS A A9 S8 SO
+ SHH HR| S, AAR TO| 755101 R H47} k5510, YBLIOL 5 Fa, BOD A &

Bishop water — BioCord E% #2
Q2LI0t2] 99% X7t 7

_;
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Eco Al INNOVATES | 3%

Eco Al INNOVATES

Eco Al INNOVATES - 7|4 290 i : ' . . :

Advanced Water Treatment System
Autonomous Technology

M~ X212t QISAIS, BiHI0|EE Z2Eol0 A2Xel H+

X2 Kb= HTL O = Agvanced srmart water and waste water treatment system integrating Al big data
X-I E' X' X‘H OlH_ 7' =] ,:,_|X‘||0|D1 ]I“TX-I E' 7| 'I'I- l \ wechnolcgy with modutar kardware solutions It aims 1o revolutionize existing water
—T'O—Xlg, ti“:‘HOlE‘I 7|°‘=,*9_| EO‘QQE ?‘gIEIO'I 9/“__'_ wrestment methods by providing a mare efficient, scalable, ang cost-effective

approach, utdizing machine learning algarithms for A1 modeiing, autcromeus meodel
adjusiments, and predictive decision-making, possessing a  comprefensive
mianitering and analysis toals for real-time water treatment status and insights.

Partabla Sawage |Imdustrial Slnm lmnwllm
Water Watar Water
:

Eco Al INNOVATES _3—I|'I|*:|I 7I$ " 'Q é{ a i

* M=~ M| SO X2 UM ASK[ST H|0E
80101, oid &0l = X2| LY 3 YFE Aot
A[O]CF.

. ti!HIOIEﬂf 2SXsE E8olV| W0 22H0|1, HIE

ZHOA X R ZHOI AUS

. D'I*._"L'1'5' 7|8t LIRS Al R2ES St ASet EX(0)7]
20 Ut MEO| YSH, U Al Eaop| &Ste
EHHO| UL
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Continental Carbon Group | 3=

Continental Carbon Group

Contirasinl Carben Groun OG0 ey
il ekl maspezs v e 11

promder foe il yos

Hers #m mont comglem comBinakon of srotucts. sence
sty Dur Krowidgnan e profs.
crmarate

wie lor @l AT peon

How can we help?

= Speclaly Mbdi 00 TR0 COHET Rifli 8e03 5
Peirosesm Hydrocarbsars (PHCe. F1-F4) BTEX VOCa
st il

* Piiemiion. Msmaral, Cagossl. Supply and |nstalation
Sarvces of a8 rypes of Firer Alecia

i) Tair £ads wnd Alstmiin

o Bedl T Lice

Wt ] Pt Mol et Al yn

* Cr-Slie: Fitst Mudits anct Pict Tuiling

* ‘Vasssl Mamiste =r Eninm bor becth L inoid o Vapess Prase
op, veeean 1 HoGs frger drwalie W s

* Project Marajemen

+ Pt Tioubkahiobn g

- Emwrgecy Sevie

The Know How

260 165,000

Geoup hon ceresloped an sscelen bamm wit mesy e of s ance. We
Wor uralion. saesion and neagrity, Al s media istautons s pesormed in oo
sinnaants uader Seciion B-100 and B-50H4 spechcaticn. Conrema! Cadeorn doou
IV, focgaarieil 12 1TV SRIRE. 10 PG 11131 PO Curman ] RALT ETUIpaC i

2wt S
el wepdce
————

Continental Carbon Group — 7|} A4

SOtH2|7F X192 Wi X2| X TSt =X2] 200l A GAC(RIY
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d

Eco Al INNOVATES -

JOII

=

* GAC(YJZE) (s Sall R/ 1R MAT + UL

« EtAQL AR 0[20{2 %7|9 =2 g4 MAC 250
« LIt 79 GAC YAE S0 X1 2] HHe= ME S

OlH, 3¢

Orgu clcricole e
Fitrarion can generily D% uBec i i ge

e of pariche e will pacs Weogs 8 LA Blas
il nct pans ihroughi. The American 'Water Wosks.
an o i A sne A teaspoon of AT has
e b5 Wil giwees (AT i wrvcum ity 1o médeorts & wicls. mengs of corpos,

fram

Filter Media Services

Media Change-ouls
Wit can prowide i Sacensary fote.s e cowprsend for sl chown aea
EhAnge-ous e arluaty 48 Hs of Mocn

Media Supply
W can sy ad debees QAT e, s (rene savwd, Jemet ond
- suppor! Grove o ol et of s Wi sysien

Media Disposal

safe cav-sne

G
Filter Audits
Cut Filer aucis provids wal ralren | [(HaTIE il A Compret e

Gr-aie Wi amadaad [t Of B, Wl R 3

Continental Carbon Group can ¢

+ W oifer finacing toems over The lile of Bhe GAC.

e all requirements established 1
e mestia instailstions. « Qur business pract

prolemsons, &

witldwide resources {0 suppert your
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MSF system.INC | 3=

MSF system.INC

MS FILTER SYSTEMS INC.

cafe, ¢im m{ sustainable water treatment for small

WS Filier Systems was fuunded in 2001 to address the shortcamings of convention-
ol water treatment plants to meet the needs of small communities. We developed o
system that builds on the proven stience of slow sand filtration and created o
solution fo freat o wider range of raw water quality that is highly effective, easily
manageable and designed specifically for the unique challenges of small and
remote communifies.

Filter

cimply a better Solution PN SECTION
Modified Slow Sand Filtration

Enables treatment of poor-quality source water
Pre-ozonation is o powerful disinfectant

Efedtive for brood specirum of pathagens,
pharmaceuticals, endocrine distupting compounds,
& other nuisance compounds & contaminonts

Package plont with hydraulic leaning
Smallest carbon footprint of any ireatmen fechnology

MSF system.INC - 7| A7

HEZOIL SlrAME|E S 2 120 X2 0]20f A fX2|E ZXO 2 Sl 7|Y0|C
At 2 x| TISo| 7Hy 2 EXOIC

MSF system.INC - &l 7|

- QF WM, o4 Do) OIS ABSI0] FR £52IS T,
QU HIZS S5t 22(QHIR)7} F7|HOR 0|20{ZICY,
YOUSH, TR, LU M BT, TS SISI2, Q¥BHO| M7 FHstch,
o
=

Set HETIRl #=Xe| LI0| 7HsoI.

r
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World Water ; 2 i b World Witer
Congress & ] / . Congress &
Exhibition . 1 Exhibition

2024 3 i - 2024

At | L{: el

- NSNS0 Cirji = a1g) & oy a0 g 9 HES)3 Zome
- 2024 IWA World Water Congress & Exhibition
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Lakefront Promenade Marina

11all=[_h-&,,.1 AT AR &

R L Bive s pufeiE diol WERIS B2HE

: ...-2024 IWA Wﬂrld Water Congress & Exhlbltlon
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5024 IWA World Water Congress & Exhibition:

211 | 2024.08.11.(8) - 2024 08.15.(%)

e -

It is time for 21st Century

“Soft Path” Water Solutions

The Hard Path
+ Build for water supply
Satisfy projected demand .

Water is only an economic good =
Centralized water treatment; one

water quality (potable) only e
No thought to ecosystem water «

needs or health
Centralized management; limited
public participation

UThe Soft Path

Rethink “supply”
Rethink “demand”

Water is an economic good and a
human right

Protect source water quality;

match quality of supply to quality
of need

+ Protect ecosystem needs and

health

Community participation; flexible
water institutions

== PACIFIC

== INSTITL

it
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HI3ZLZ E0_Western Beaches Storage System
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HIZLZ E0_Western Beaches Storage System
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HI3ZLZ E0_Western Beaches Storage System
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CHERRY STREET STORMWATER FACILITY : RV

-f:-...“ 1

“MENHY 51 REET STORMWATER FACILITY

iERRY

Connncling Tinneis and Dverllaw St ure

B2 L|Z&E0{_Lower Don Storm water Treatment Facility
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