
2015‐10‐13

1

Integrated modeling 
of the urban wastewater system: 

Back to the future

Peter A. Vanrolleghem
modelEAU – Université Laval

Québec City, CAN

Back to the future

• 1985 ‐ 2015
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1955

1975

• Bruce Beck (Cambridge, UK)
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1985

• Willi Gujer (eawag, Switzerland)
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Sewer Network

Wastewater Treatment Plant

Receiving Water Body

1995

• Peter Vanrolleghem (BIOMATH, Belgium)
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The Brussels case study...
Evaluation

1995

One big and several small rain events in summer ‘86

Effect of 2 design options (BAS/CSO) on River Water Quality

River flow at end of summer

1995
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Clear beneficial effect of retention basins (BAS) in sewer !

River Water Quality (oxygen)

Downstream of CSO, upstream of WRRF

1995

River Water Quality (oxygen)

Downstream of CSO, downstream of WRRF

Beneficial effect of basins is reduced due to
lower efficiency of WRRF by increased loading from basins

1995
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2005

• Eveline Volcke (Ghent Univ., Belgium)
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2005

Model 1 Model 2

Model 1
State Variables

Model 2
State Variables

Model 1
State Variables

Model 2
State Variables

Supermodel approach

Model 1

Model 1
State Variables

Model 2

Model 2
State Variables

Interface M1/M2

Interface M2/M1

Interfaces approach

2005

• Peter Vanrolleghem 
(modelEAU, Canada)
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2005

NH4

Water quality based real‐time control (NH4)

40,000 inh.

2005

Integration using surrogate sub‐models

Catchment Sewer WWTP RiverCatchment Sewer WWTP River

Separate Detailed Physical Models

Calibrated + Validated Surrogate Sub-Models

Catchment Sewer WWTP River

Integrated Model

Calibrated + Validated Individually
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2015

• Lorenzo Benedetti (VCS‐Odense, DK)

200,000 inhabitants

Odense ‘simplified’ model
NV WRRF

EM WRRF

NOE WRRF

Sewers

Rivers

Odense integrated model in DHI WEST
1 year @ 1 minute time‐step in 1.5 hours
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2015

What Odense’s 3‐headed beast boils down to:

2015

• Develop an alternative wet weather plan which: 

– satisfies the Danish regulator, 

– delivers long term environmental benefit; and

– supports the most efficient use of VCS investment

• Demonstrate leadership & innovation in wet 
weather planning

– New integrated modeling technology

– Wet weather water quality design criteria (UPM)
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2015

• Integrated modeling: Case studies  Applications

Slow uptake in practice, but there is significant progress

• System
Part of reality that is separated from its environment 
on the basis of a purpose defined by the researcher

• Model
An approximate description of a part of reality
considering only those aspects that are of interest

• Simulation 
= Virtual Experimentation: Manipulation of a model 
to gain insight in the “behaviour” of the real system

Modeling ‐ Definitions
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Framework Definition

Model Selection

ValidationValidation

Model

Parameter estimation

Model building

real world

observations
observations

input data output datamodel

system
boundary
(x, t)

(Thomas Hug)

Model building
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modelinput ? … predict

?input output … understand

modelinput output … communicate

Objectives of model use

Back to the future

• 2015 ‐ 2045
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2045

• Resource depletion (e.g. phosphate)

2015

• Céline Vaneeckhaute (modelEAU)
Modeling of resource recovery processes
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2015

• Céline Vaneeckhaute (2015)
Integration of
physico‐
chemical
models

2025

• Micropollutant modeling

*Joanne Parrott



2015‐10‐13

17

SOURCES

RELEASE

SURFACE WATER

Sludge

Soil / Groundwater

Air

Sediments

Water

Air

Boundaries of the 
urban system

Treatment 
optionsFate models  
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2015

• Ludiwine Clouzot (modelEAU)
Ecosystem modeling of endocrine disruption
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Ecological benchmarking of WRRFs

2025

WRRF 1
[MPs] 1 Bio‐effect 1

WRRF 2
[MPs] 2 Bio‐effect 2

WRRF 3
[MPs] 3 Bio‐effect 3

The best

WRRF?

2045

• Christian Urich (Monash Univ, AUS)
Modeling the evolution of urban water systems



2015‐10‐13

19

2045

• Decision‐making under deep uncertainty
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Population Projections Melbourne

1 (2000)

2 (2000)

3 (2000)

A (2008)

B (2008)

C (2008)

2045

Ferguson et al. (2012) Melbourne transition scenarios

Current System

Water Sensitive City

• Backcasting from future vision
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Use windows of opportunities

Respond to surprises

Address vulnerabilities

Avoid “lock‐in” effects

Current System

Water Sensitive City

Ferguson et al. (2013) A strategic program for 
transitioning to a water sensitive city

2045

• Planning should 

• Adaptation pathways (robust adaptation)
No regret decisions (keep your options open) 

2045
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2045

• Data collection is 
quite different

– Explorative

– Collaborative

The big jump forward
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Integronsters – ugly constructions

adapted from Voinov and Shugart (2013)

Don’t extrapolate too far
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