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IWA Digital Water Programme

The Smart Water Industry 

is no longer a choice....it's 

a must



- Artificial intelligence and data is one of the 4 Grand 

Challenges

- UK Research and Innovation has announced a 

£100 million investment to create 1,000 new 

research and business leaders

https://www.google.co.uk/imgres?imgurl=https%3A%2F%2Fwww.adsgroup.org.uk%2Fwp-content%2Fuploads%2Fsites%2F21%2F2018%2F10%2FIndustrail-Strategy-logo-blog.jpg&imgrefurl=https%3A%2F%2Fwww.adsgroup.org.uk%2Findustry-issues%2Findustrial-strategy%2F&docid=BLqWlJbjC4oORM&tbnid=OW5VtQZdxI2vCM%3A&vet=10ahUKEwidzbve6p3kAhVEsXEKHRh4C0kQMwhyKAYwBg..i&w=620&h=310&bih=799&biw=1368&q=industrial%20strategy&ved=0ahUKEwidzbve6p3kAhVEsXEKHRh4C0kQMwhyKAYwBg&iact=mrc&uact=8
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(Ashley et al., 2013)

Evolution of Urban Water Systems

Water wise city?

Smart city?

Resilient city?

Sponge City?

Blue-green city?

… …

Water sensitive city?



(Source: United Utilities)

ICT and Data analytics



Data Driven Approach

Soho cholera outbreaks in 1854 Bromley cholera outbreak in London in 1866

John Snow (1813 – 1858)

(Wikipedia)



Data and Decision Analytics

Descriptive

Diagnostic

Predictive

Prescriptive

Historical data:

Reports

Dashboards

Queries

…

Real time data:

Alerts

Failure analysis

…

Forecasts & Modelling:

Future scenarios

Future risks

…

Scenarios:

Asset management

Action plans

Optimal interventions

Active control

Real time scheduling

…



Seconds Minutes Hours Days Months Years

Signal analysis

- Filtering

- Outlier detection

- Statistical process

control

- Auto-correlation

- Spectrum analysis

- …

Statistical analysis

- Multivariate regression

- Principle component 

analysis

- ANOVA

- …

AI

- Artificial Neutral networks

- Evolutionary algorithms

- Genetic programming

- …

Algorithms



Leakage detection and localisation



(Eggimann et al., ES&T, 2017)

The Utility of Data



Integrated control
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Local/Global RTC to 
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WWTP

Integrated RTC for operation with regard 
to the river water quality

Objective and information

Previous work:

 Chris Sweetapple: GHG 

emissions; resilience analysis

 Fanlin Meng: operational permits; 

real time control; cost-benefit 

analysis

 Maryam Astaraie-Imani: 

Combined impacts of urbanisation

and climate change

 Arturo Casal-Campos: grey vs. 

green; reliability, resilience and 

sustainability; robust adaptation 

pathways

 Biniam Arshagre:  Integrated 

catchment & case studies
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Global Control - WWTP
Sources of GHG emissions
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Modelled WWTP layout and sources of GHG emissions
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CO2 (open loop)

CH4 (open loop)

N2O (open loop)

CO2 (closed loop)

CH4 (closed loop)

N2O (closed loop)

Comparison of 

GHG emissions 

from BSM2 under 

default control 

strategies

Control strategy EQI (-) OCI (-) GHGs (kg CO2e/m3)

Open loop 6366 9102 1.077

Closed loop 5722 9472 1.350

GHG emissions 

(Sweetapple et al. 2013, Water Research)



Legislative compliance 

• WWTP control optimised to 

minimise GHG emissions, 

operational costs and effluent 

pollutant loading

• Gives range of optimal solutions 

to choose from

• Performance modelled under 

pre-defined scenarios – may 

perform worse than expected if 

predicted conditions are 

inaccurate

Performance of optimal solutions
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Integrated management: GI

There is an established technical understanding of many 

new and existing technologies, particularly at a site 

scale.



Integrated management: future scenarios



Green vs. grey strategies

Green strategies:

- Roof disconnection/rain 

gardens (SCR)

- Bioretention for source 

control of Pavements 

(SCP)

- Permeable pavement 

(SCC)

Grey strategies:

- Sewer separation (SS)

- On-site treatment (OT)

- Centralized storage 

(CS)



Reliability, resilience and sustainability



Adaptation pathways
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Digital Twin: Virtual Singapore





Digitalization of the environment
 Embedded in planning, design, operation and 

management

 Links environment, infrastructure, people and
decision making

 Data are useful but should be used with care

 AI is great…for now remains just a hopeful 
promise…

26

Conclusions
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Thank you!


