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Modeling Basics

Peter Vanrolleghem, Ph.D.
modelEAU – Université Laval

Outline

• Definitions and terminology

• Types of models

• What is modeling?

• Why do we model?

• Industry-standard modeling protocol

• Design versus process models



2014-11-22

2

Definitions
• 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

• Simulator (= Virtual experimenter)

Tool that allows efficient manipulation of a model 

to gain insight in the “behavior” of the real system

Definitions

• Steady state simulation

Variables are independent of time

because time is not considered in the model (steady state model)

OR the input to the dynamic model is constant (influent AND operation)

• Dynamic simulation

Variables are function of time

because time is considered in the model (dynamic model)

AND the input to the dynamic model is varying (influent OR operation)
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Models take many forms

• Mental models (ideas, concepts, ...)

• Verbal models (“description in words”)

• Scale models (“house in cardbord”)

• Mathematical models (“equations”)

• Different sets of equations, leading to: 

� Design models

� Process models

� Cost models

� Influent models

� Controller models
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(Thomas Hug)

What is modeling?



2014-11-22

4

7

modelinput ? … predict

?input output … understand

modelinput output … communicate

Why modeling?

Why modeling ?

Solving Problems for complex systems

Optimized

System

System

under study

Experimenting

Virtual 

Reality

Reality

Model of 

the System

Solution for 

the System

Simulating
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Model building: Starting points

• Purpose of the model
• Increasing understanding (Think tank)

• Summary of knowledge/data (Communication)

• Prediction of future behavior (Control)

• Prior knowledge
• Experience

• Existing models 

• Literature (facts, phenomena, theories, ...)

• Data
• Existing data

• New data collected in view of model building 
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Framework Definition

Model Selection

Validation

Model

Calibration

The model building exercise

Framework

Definition:

Choose:

- desired outputs

- relevant variables

- important inputs

- type of equations

(algebraic eqns, 

differential eqns,

neural networks)

Model

Selection:

Choose:

- among relevant

models available

in the simulator

(e.g. ASM1, 

ASM3

ASM3C, 

ASM1G, …)

Model

Calibration:

Find the values

of the parameters

of the model that 

best fit the data

Model

Validation:

Evaluate how the

model performs 

to describe a 

new set of data

(not used before

during modeling)

Evaluate whether

the model will be

fit-for-purpose
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Modeling protocol
 

  

Agreement on the objectives and 

budget? 

Requirements (data, model accuracy, …) 

Problem statement 

Objectives 

Process flow diagram (process units, boundaries)

Data collection 

(physical, operational, influent, effluent) 

Data  and process evaluation  

Calibration / validation  adequate ? 

Selection of the parameters and stop criteria 

Plant model building 

(input specification, sub-model selection) 

Calibration 

Simulation and result interpretation 

Functional evaluation 

Report 

Objectives achieved? 

 

Model adequate?  

Data and process validated? 

Validation 

Data sufficient and validated? 

Calibration successful? 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

no 

no 

no 

Additional data 

collection 

(direct 

parameter 

measurements, 

sampling 

campaign, 

missing data) 

Sensible outputs?  

yes 

Validation successful? 

yes 

no 
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Results sufficient? 
no 

Define

Objectives

Data collection

&

Data evaluation

Model set-up

&

Evaluation

Calibration

&

Validation

Simulation

&

Result 

interpretation

Design versus Process model

• Typical use of spreadsheet design model

Design guideline

Influent

characteristics

Safety factors

Design outcomes: 

- Construction volumes

- Air blower capacity

- Pumping capacity

Effluent requirements

Operating

preferences

Design
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Design guideline

Process model

Influent

characteristics

Safety factors

Design outcomes: 

- Construction volumes

- Air blower capacity

- Pumping capacity

Effluent requirements

Effluent concentrations

Operating

preferences

Design

?

Design versus Process model

Conclusions

• Models are:

– multi-purpose

– a summary of current knowledge

– cost-effective tools for solving problems

– easy to use thanks to 

protocols that have a proven record

– included in industry-standard software
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This workshop

• Based on MOP31: 

Peter Vanrolleghem
Ph.D., ing.

modelEAU – Université Laval

Québec City, QC, Canada

+1 (418) 656 5085

peter.vanrolleghem@gci.ulaval.ca

http://modelEAU.fsg.ulaval.ca
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