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ifak e. V. Magdeburg

– Non-profit institute for applied research; 50 

employees

– Associated to Otto-von-Guericke University of

Magdeburg

• Department „Water and Energy“

– Modelling and Simulation for planning, design 

and operation of urban water systems

– Simulation and process control of

• Sewer system, WWTP, biogas, receiving waters, … 

www.ifak.eu

simba.ifak.eu

http://www.ifak.eu/
simba.ifak.eu


The German research landscape

FhG Fraunhofer-Gesellschaft, HGF Helmholtz-Gemeinschaft, WGL Leibniz-Gemeinschaft, MPG Max-Planck-Gesellschaft



Simulator Simba#

Simba# - Simulator for modelling, systems analysis, optimisation and control

– Mainly for water systems (but also for other domains)

– Since 2013 as stand-alone program; used by researchers and practitioners 

worldwide

Simba#classroom – smaller version for lecturing and teaching
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Combined Sewer Overflow Magdeburg (17.05.22)

Among the objectives discussed in 
this presentation:

• Avoiding/Reducing negative 
impacts on the environment

• Maintaining standards

• Saving costs



When plannnig larger investments …
• … one would like to do a test-run

• Modelling

– Strategic planning – to evaluate/compare different options

– To assist / prepare the implementation

• Easier to do experiments in model than in reality 



Perceived impediments to modelling:
• User-interface too complicated  

• Data requirements

• Import of data

• Model connection (interaction of different 

models for different subsystems



Perceived impediments to modelling:
• User-interface too complicated → GUI 

• Data requirements → using available data

• Import of data → using GIS, Copernicus, … 

• Model connection (interaction of different 

models for different subsystems) 

→ integrate in one simulator



New challenges and topics:
• New requirements (e.g. new Urban Wastewater 

Directive, German DWA-A102, …)

• Environmental impacts (Greenhouse gases …)

• Drinking water scarcity; use of different water 

sources (e.g. greywater, …)
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Some important interactions in the wastewater system (especially after rainfall)

  

 

Sewer system WWTP

Receiving 

water body

• flows

• „First flush“(?)

• increased WWTP influent

• sedimentation behaviour

• „First flush“(?)

• sedimentation behaviour

• impact on treatment processes

• drop in temperature  

•Nitrogen peaks

•Sludge loss from clarifier

• Combined sewer overflows

Timing of impacts plays an important

role

• increased flow

• Oxygen decay

• Acute ammonia (NH3) impacts

• Bacteria, toxic substances

• Mechanical impacts
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Sewer system modelling approaches:

Schütze (2017)



Sewer system modelling in Simba#
– (any complexity; also SWMM import)

Hydrological 
model

Fully hydrodynamic 
model

Hydrodynamic modules in Simba# allow:

• Full Saint Venant equations

• Pollutant transport: CSTR, Lagrange

• Any bio-chemical transformation processes

• Any form of control

• Import of SWMM files possible



Sewer system modelling in Simba#
– Hydrologic model with Sankey representation of flows [l/s]



Wastewater treatment modelling
• Detailed dynamic models (systems of differential equations)

• Modules for physical and biochemical processes:

– Primary clarifier, Secondary clarifier

– Nitrification and denitrification tanks

– Fourth treatment step 

– Control options, sensors, pumps

– Aeration systems, Energy models

– Sludge digestion 

• Useful for

– Selection of design variant, improvement of operation

– Improvement of energy efficiency, …

The base of most

biochemical process

models for WWTPs



Wastewater treatment modelling
• A simple WWTP model



Wastewater treatment modelling
• Influent definition in data-scarce situations

– “HSG” and “Case-C” methods

• Some special modules:

– Membrane and biofilm reactors

– Aeration systems in detail

– Energy balances and analysis (DWA-A216 and EU)

– 4th treatment step



River modelling
• River water quality modelling in urban context:

– Impacts of sewer system and treatment plant discharges 

on river

– Dissolved Oxygen, NH4, NH3, pH, …

RWQM1

23 processes

24 fractions

107 parameters

SWQM 

5 processes

7 fractions

includes also NH3, pH   



River modelling
• SWQM – A dynamic river model appropriate for 

practical application:

– Processes:

• Reaeration

• Nitrification

• Sediment oxygen demand

• Photosynthesis (grossly simplified)

• Decay of organic matter

Process kinetics: based on 
state-of-the-art approaches 
(ASM3, RWQM1)   



River modelling
• SWQM – A dynamic river model appropriate for 

practical application:

– Fractions: 

• SO: Dissolved Oxygen

• SNH: Ammonium/Ammonia (NH4-N+NH3-N)

• SISWQM: soluble, inert COD fraction, 

• SSSWQM: soluble, biodegradable COD fraction,

• SCON: conservative substance, e.g. for user-defined pollutants

• SALK: Alkalinity (HCO3 equivalent)

• SIC: inorganic carbon [SALK+CO2]



River modelling
• River modelling: Assessment of river water quality 

acc. to UPM Manual

A related procedure
also in DWA-M102-3:



River modelling
• River modelling: Some Simba# specifics

– Possible flow modelling options: hydrologic, hydrodynamic

– Pollutant transport: CSTR or Lagrange

– Any biochemical model possible (e.g. RWQM, SWQM, …)

– Evaluation routines (according to UPM and other 

guidelines)



Example of an integrated model:
• Astlingen sewer network, WWTP and river



Example of an integrated model:
• Submodels:

Sewer 

network

WWTP



Example of an integrated model:
• Simulation results: Base case

WWTP 

inflow

WWTP effluent 

concentrations

WWTP effluent 

NH4 and NO3

concentrations



Example of an integrated model:
• Simulation results: River: Base case: Oxygen (DO)

DO in small 

creek

DO in main 

river



Example of an integrated model:
• Simulation results: DO in various locations

– QWWTPin = 330 l/s permanently

– QWWTPin = 330 l/s for max.1 hr within any 24-hour period

!

☺



Additional topics (1):
• Model-based predictive control Definition 

of objectives

and of internal model

(real-life)

system

Internal 

process

model

(Digital Twin)

Optimisation

Optimisation of

control decision for

every timestep

System condition

Control decision

Sensors

Regulating

devices

Design
phase

Application
phaseOnline

prediction

(for

test/development

substituted by) 

simulation

model

• Internal process model 

called many times

• Set-up and 

implementation so far 

requires special 

software



Additional topics (1):
• Model-based predictive control: Example

– Controlling 4 tanks in Astlingen sewer system

Main objective: Minimisation of CSO volume



Additional topics (1):
• Model-based predictive control: Example: Results

– CSO volume over 1 year – different control approaches



Additional topics (1):
• Model-based predictive control: Project i-SEWER



Additional topics (2):
• Connecting the model with the real world

– Virtual commissioning:

– Observer model: Getting more information out:



Additional topics (2):
• Connecting the model with the real world

– Option 1: Use ifakFAST tool 

• Free of charge, open source

– Option 2: Use HTTP-REST-API of SIMBA 

• Maximum flexibility

• Detailed knowledge required about the API / C# scripting

• Programming effort



Additional topics (3):
• Drinking water ion balance in Simba#

– based on DIN 38404-10

– Corrects measured values of aqueous solutions: Charge 

balance, ionic strength, .....

– Calculates pH, alkalinity, buffer capacities and hardness



Additional topics (4):
• Multi-solver environment

– Making optimum use of dedicated numerical solvers for 

subsystem, yet connecting everything to one model

This simple example combines:
1 Pressured pipe network solver (EPANET)
2 Discrete-time model (hydrologic 

sewer)
3 Saint Venant (hydroynamic sewer)
4 Saint Venant (hydrodynamic river)
5 ODE+equation solver (WWTP)
6 Instrumentation, Control and
Automation

Flow and water quality in each component



Conclusions
• Planning, operation can be assisted by modelling

• Simba# simulator

– Useful for enduser: Output and report options, ...

– Useful for researchers: user-defined modules and scripts, 

User-friendly process equation editorSimba#classroom: 

simplified version for classroom teaching

• Feel encouraged to build and apply simulation 

models for your tasks!



DBU Scholarship programme
– 6 – 12 stay in Germany working on a topic related to 

environment

– Full scholarship (EUR 1350 per month + insurances)

– Many host institutions (including ifak)

– More details:

https://www.dbu.de/foerderung/moe-fellowship/

– Application: every year on 05.09. and 05.03.



Najlepša hvala! Many thanks! 

Dr. Manfred Schütze, ifak

manfred.schuetze@ifak.eu

www.ifak.eu

simba.ifak.eu
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