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Water infrastructure in Roman times

Ephesus (100 BC)



How far have we come?



What advances have we made?



• Population increase

• Climate change

• Environmental pollution

• Increasing water scarcity

• Increasing energy demands

• Deteriorating water 

infrastructure

It is time for smart water management!

Circular economy



Source: Adapted from 

McIntosh (2014). ITU-T, 

2014

Urban water issues



Water availability and quality

Source: World 

Resources 

Institute (2014). 



Source: World Bank (2017) 



Source: World Bank (2017) 



Climate change effects

Source: Major et al. (2011), ITU-T, 2014. 





Source: IBM Big Green Innovations



Smart water management technologies

Source: Hauser (2012), ITU-T 2014



Water smart city

Hattum et al., 

2016





Source: World Bank (2017) 



Ottawa’s “Sewergate” 



SWM Application: Combined Sewer Overflow

Source: City of Ottawa



SWM Application: Water quality monitoring

www.s-can.at



Real-time UV-vis spectra monitoring

• UV254

• DOC

• BOD

• COD

• TSS

• Nitrate and nitrite

• Colour

• Algae?Real Tech Inc.

(Whitby, ON)



Real-time monitoring of cyanobacteria (patent 

pending)

Fares AlMomani and Ormeci



SWM Application: Process optimization

Real-time monitoring of sludge digestion

Smyth and Ormeci, 2017



Real-time monitoring of polymer dose
 

200 220 240 260 280 300
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

14 mg/L

15 mg/L

16 mg/L

19 mg/L

11 mg/L

12 mg/L

(c)

Wavelength (nm)

A
b

so
rb

an
c
e(

A
.U

)

8 10 12 14 16 18 20 22 24 26
0.2

0.4

0.6

0.8

1.0

1.2

1.4 R2= 0.99
slope = 0.098

Concentration (mg/L)

A
b
so

rb
a
n
c
e
(A

.U
)

200 220 240 260 280 300
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.1 mg/L

0.3 mg/L

0.4 mg/L

0.5 mg/L

0.8 mg/L

(a)0.05 mg/L

1 mg/L

Wavelength (nm)

A
b
so

rb
a
n
c
e
(A

.U
)

200 220 240 260 280 300
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40
1 mg/L

2 mg/L

6 mg/L

7 mg/L

8 mg/L

10 mg/L

(b)

Wavelength (nm)

A
b

so
rb

an
c
e(

A
.U

)

0.00 0.25 0.50 0.75 1.00 1.25
0.00

0.02

0.04

0.06
R2=0.97

Slope = 0.047

Concentration (mg/L)

A
b

so
rb

an
c
e(

A
.U

)

0 2 4 6 8 10 12 14
0.0

0.1

0.2

0.3

0.4

    R2= 0.99
Slope = 0.033

Concentration (mg/L)

A
b

so
rb

an
c
e(

A
.U

)

Polymer concentration 0.05-1 mg/L

Carleton University, Canada’s Capital University

AlMomani and Ormeci, 2014a 



(Widstrand et al, 2006)

MIP

Functional monomer = 

MAA

Cross-linker = EGDMA

Template = E2

Size range = 200-600 nm

NIP



SWM Application: Green treatment technologies

Microalgae treatment

20 oC

8 oC

  

   

  

Different species identified in wastewater cultivated with mixed algal culture: (A) Tribonema 

and Chlorella,(B) Ulothrix, ( C). Left: Oscillatoria, Right: Tribonema, (D) Stigeoclonium, (E) 

Oedogonium and ( F) Aphanocapsa 

A. 

D. C. 

B. 

E. F. 



Conclusions: Closing the urban water cycle

Hattum et al., 

2016



Global Water Institute
www.carleton.ca/gwi
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Research, student exchange, training and more!



Thank you!


