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Smart Urban Water Systems

Operational/managing/planning decisions
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Smart water system vs. ICA

* Smart water system encompasses ICA

Water Research 155 (2019) 381—402

Smart water
system
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Water Research

journal homepage: www.elsevier.com/locate/watres
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automation in urban water systems oy
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Smart water system vs. ICA

* Smart water system encompasses ICA

but expanding towards

* higher levels of duties
- More integrative
- More supervisory

- Decision support (operational,
management and planning, behaviour
change)

* higher level of intelligence

Smart water
system

- loT sensors ICA: Instrumentation, control and automation
- Big data
- Machine learning & artificial intelligence
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Driving forces for smart urban water

Technology push

* Internet of Things

* Low-cost sensors and low-cost, yet powerful

microchips
* Large data storage capabilities
* Fast computing e.g. iCloud computing
* Advanced data analytics

- machine learning

- artificial intelligence
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Demand pull

Population growth and continued
urbanisation imposes more pressure to
urban water systems

Climate change causes more variability
Aging infrastructure
Customer expectation

Integrated urban water management is
becoming more important
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Where are the opportunities (non-exhaustive)
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Example 1: water source optimization — the orange councll

case study
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downstream flows | osses SW
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Example 2: water production based on demand prediction

System #4, level based control B ak ke r et al . (2 O 1 3)

Controller / <—— 10000 100%
Switch I
000 - - 80%
I | 8 80%
Set-point I 6000 - 60%
| =
E
v 4000 A - 40%
S I » 2000 A - 20%
. Distribution
Production flow o . . . 0%
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—— Distribution ===Production —e—Reservoir level [%]

System #4, predictive control
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control algorithm S
Q O O I ‘ | | 8000 4 - 80%
. I
Flow prediction Set-point : | 6000 [ 6o%
I =

model learnt from Y , P )
. . 4000 - - 40%

historical data IN OuUT /\\L AN
 ———— _— ————— P 2000 A e A 20%

Production flow Distribution \‘J N

. flow 0 . . . 0%
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—— Distribution Production —e— Reservoir level [%]
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Example 3: tackling non-revenue water

CABE - Caboolture East = Performance Indicators (Last month)
0 Updated:  4/08/18 (EIHE) Estimated Water [0st:400,880.1 1 ( $1,1.29) O * e S @04 0 XK I Estimated water loss ~ Volume per connect.  Technical effici..  ILI {(August/Se...  Total Consumptic
Starus: osed\Resolved Potenual Daily L0ss:343,619.2 | ( $968) LV ay LAGHL - Laguna HLZ 0.00 NA 100.00 % N/A T N/A 0.90/0.00 M
Assigned to: Control Room Duration:1.2d | 2/08/18 4:00 PM = 3/08/18 8:00 PM |Related External Events:N/A N h
e Last comment:P2 WO created for 40 Hickey Rd Caboolture is related to this event (scotr street. 3/08/18 =
5.5 /s EOHIP - Mango Hill East 233910731 N/A 100.00 % N/A 7 NJA 718/370 M
Graphs | History 10 | External Events _IE_
| | | - DMAD4R - Margate Zone 1.03Ml 49576 | 94.80 % 0.46/069 0.74/0.00 M
CABE - Caboolture East Supply - Compared to Network-based prediction £yl graph mods) Export .
L
z d Im 1g Legend DMASEP - Ferny Hills South 155,029.50 1 474751 95.19% 0.96/062 0.00/0.00 M
k/Lea
- C taways Be 1 | 16361 00 00/0 0.04/0.00 M
p . -
- ol v Ty Wit I DMAD1P - BRENDALE Strathpine East 332MI 1,719.83 79.75% 7.01/567 476/0.70M
)
' P ozte- Civil Reac .‘_" \‘L‘\ Bd CABN - Caboolture North 231 M 521.501 85.54 % 0.86/0.82 10.41/0.00 M
q o .1 Supervisor. Chris Alen
A i @ PCR: y Ty
o _ Dromda™ ! sewid =t o DMA38P - Dayboro LL 0,00 NA 100.00 % N/A 7 WIA 0.00/0.00 M
N ) )
06:00 12:00 800 3. Auy 06:00 12:00 00 4. Au 06:00 . 1
‘J ) \ \/_"l .i\t LAND3 - Diddillibah 0.00 N/A 100.00 % N/A 7 NFA 0.00/0.00 M
) % W e
{ = I = M limefe T
- — e g : ~f DMA31P - Warner Centra 0.00 N/A N/A N/A / NJA 0.94/0.00 M
1o ~—y -
Event Gra Network Graphs =} - +
Uea DMASQP - Highvale South 693370631 N/A 100.00 % N/A / N/A 366/ 122 M
[ | o e o DMASS ghvale Sout N/ 00 % /s 3.66/1.22
"uuumu Y e L Cabooly -
=
Network Gopgle_ pemor | . ~E
(TaKabi) Total: 194, Displayed: 180

Example from Unitywater (QLD) potable water distribution network using TaKaDu platform (Israel):

e Real-time versus Network-based prediction flow model = leak detection shortly after burst & detection of hidden
(underground) leaks

* $16 million AUD per annum in savings from early detection of leaks

6.5 billion litres of non-revenue water loss prevented in 2017 due to enabling of rapid, fit-for-purpose and localised response
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Example 4: water consumption pattern analysis — changing
customer behavior
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14,000 smart meters installed

Prof Rachel Cardell-Oliver, UWA

© CRC for Water Sensitive Cities
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Example 5: online optimization of pump operations

Odour control at inlet of a WWTP

ADWF = 14.3 ML/day

—> Magnesium dosing

Mg(OH), & Mg?* + 20H ]
H,S= HS + H* °F @ ] @ T : Treatment
plant
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Example 5: online optimization of pump operations

Odour control at inlet of a WWTP

T
— Uncontrolled dosing
—— Optimised dosing
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e Hybrid system — linear model predictive control
algorithm not directly applicable

* Large search spaces — efficient optimization
algorithms required



Machine learning u(t)

* Block-box (data driven)

NS

— Statistical modelling

— Artificial neural network
Input
— Large amount of data

— |dentifiability issue

ARMAX model:

Az )y (t)=B(z*)u(t)+C(z7)e(t)

Process

y(t)

Hidden
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. - s Rainfall Historical flow — — Predicted flow Typical flow
Machine learning ey 8
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— Statistical modelling
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0.10149 (t—5)+0.08699 (t —6) +0.0543§ (t — 7) +1.5261u (t -1) + E 1
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LI et al. (2019) Time (day) Time (day)
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Machine learning

Rainfall

Flow

Real-time multistep prediction
Regression processEPrediction process
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sulfide
monitor

10.0
(A) — — Constant dosing Mean=9.00, STD=0.15
+ Flow-paced dosing Mean=8.99, STD=0.22
—— FF control by ARX Mean=8.99, STD=0.04
L
=%
8.0 T T T T T
10.0
B) — -~ Constant dosing Mean=9.04, STD=0.16
----- Flow-paced dosing Mean=9.04, STD=0.21
—— FF control by ARX  Mean=8.98, STD=0.06
T
a
8.0
10.0
(C) — — Constant dosing Mean=8.84, STD=0.21
----- Flow-paced dosing Mean=9.08, STD=0.22
—— FF control by ARX Mean=9.00, STD=0.08
9.5 g
T
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Machine learning

* Block-box (data driven) Prior knowledge is important

Statistical modelling
Artificial neural network We should not ask the machine to invent

. .
Large amount of data the Bernoulli equation!

— |dentifiability issue 8(pn) (o)  A(pm)
~ + =0,
¢ Grey-box ot Oz oy
0 0 1 o v
— Data supplement existing knowledge (ET) + 5 (mm3+ Epg-rﬁ) + (P;;u ) =0,
— Model-supported data analysis or data-  8(emv)  8(pmuv) 8 1
+ + om? + = pgn’ ) = 0.
enabled model identification ot Oz Oy ( 2 )

Process knowledge required
Smaller amount of data needed
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Machine learning

e Block-box (data driven)

Statistical modelling

— Artificial neural network

Large amount of data

|dentifiability issue

* Grey-box

Data supplement existing knowledge

Model-supported data analysis or data-
enabled model identification

Process knowledge required
Smaller amount of data needed
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D: diameter

s: slope

Q: flow rate

I: temperature

kCH4—,T = alTbl + aszZ + ang3 —+ a4Sb4

Kcrar = k(T)Q*DFsY
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Segmented efforts need to be united

WHAT UTILITIES WANT TO ACHIEVE?
(DEMAND PULL)

N
SHARED JOINT

OBJECTIVES EFFORT
/

WHAT DO TECHNOLOGIES OFFER?
(TECHNOLOGY PUSH)
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Concluding remarks

 Urban water system will get smarter!!

 While isolated case studies have been done, there is a lack of a systematic

framework

 (Collaborative efforts from utilities, hardware suppliers, software suppliers,
and researchers needed

 Multi-disciplinary research is required
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