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ifak e. V. Magdeburg -

— Non-profit institute for applied research; 50

employees
— Associated to Otto-von-Guericke University of ® SIMBA"
Magdeburg ——

» Department ,Water and Energy”

— Modelling and Simulation for planning, design
and operation of urban water systems
www.ifak.eu

— Simulation and process control of simba.ifak.eu
iqu » Sewer system, WWTP, biogas, receiving waters, ... &
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The German research landscape

The research system of universities and
non-university institutions

German Research German'research
. " Mittelstand organisations
Universities
,Zuse association" FhG (Fraunhofer), HGF,
..ifak ... WGL, MPG (Max Planck)

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

ifak
SLOVENSKO DRUSTVO
Ifq 5_‘) ZA ZASEITO VODA
N GGGGGGEGGEEEGGGEGGEGEEGERERERSRSESESS



Simpozij z mednarodno udelezbo : VODNI DNEVI 2023

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

® SIMBA”
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Among the objectives discussed in
this presentation:

* Avoiding/Reducing negative
impacts on the environment

* Maintaining standards

* Saving costs

Combined Sewer Overflow Magdeburg (17.05.22)

Foto: © ifak
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When plannnig larger investments ...

e ...one would like to do a test-run

Bc
tellautg

+ Modelling
— Strategic planning — to evaluate/compare different options
— To assist / prepare the implementation

 Easier to do experiments in model than in reality

ifak <
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Perceived impediments to modelling:
» User-interface too complicated

- Data requirements
* Import of data

« Model connection (interaction of different
models for different subsystems

ifak
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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, ...)

ifak
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WWTP
(treatment
plant)
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WWTP
(treatment
plant) —

Nutrient recovery

° k Logos: © ifak, TU Berlin
SLOVENSKO DRUSTVO
Ifq 5_‘) ZA ZASCITO VODA
N GGGGGGEGGEEEGGGEGGEGEEGERERERSRSESESS



Simpozij z mednarodno udelezbo : VODNI DNEVI 2023

Precipitation

/‘ Sewer
network (treatment

(combined/separate) pl ant) :

River

Wastewater

Nutrient recovery

Logos: © ifak, TU Berlin
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Some important interactions in the Wax ewater system (especially after rainfall)

- H * increased WWTP influent * ,:QH * e sedimentation behaviour
I « sedimentation behaviour , | |- ,  «impacton treatment processes
gor \; * First flush*“(?) > ﬂ%’ « drop in temperature

Sewer syste WWTP

* flows

* First flush*(?) *Nitrogen peaks

*Sludge loss from clarifier

* Combined sewer overflo

* increased flow

* Oxygen decay

» Acute ammonia (NH;) impacts
. * Bacteria, toxic substances

Receiving* Mechanical impacts

water body

1 k
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role
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Sewer system mode ‘ approaches:

Process Potential modelling approaches
Rainfall-runoff Constant runoff coefficient Wetting losses, Other (user-defined) approaches
depression storage, etc.
Flow Hydrologic Diffusive-wave Dynamic wave
(linear and non-linear reservoir (full solution of Saint Venant
cascades) equations)
Pollutant transport None Conventional (CSTR) Lagrange (no numerical

dispersion effects)

Physical-biochemical
transformations

Simple sedimentation approach

Sedimentation and resuspension  Any transformation processes
(Petersen-Gujer matrix)

ifak

Schutze (2017)
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Sewer system modelng in Simba#

Hydrological

(any complexitv: also SWMM import)

——— > >
= 10 min = Level
SEm—y eve

Pipe u BuP
Storage
——
model = S min > >:> 5“2
) Pipe
r——(_::\_ E-D Cireular pipa >u>
‘. — '__. weir DEM
e >H>
orifice
e o0 Fully hydrodynamic =
' = del ‘o> ﬁ:
7 | /_sw / mo e Mix
"y W o/
e ® SIMBA”
S g 2
P ®
N z’iﬁm - 3 ? ra Hydrodynamic modules in Simba# allow:
Pumps L < . .
TS S e L + Full Saint Venant equations
. ~ il
o ek e Tt , + Pollutant transport: CSTR, Lagrange
~J =77 » Any bio-chemical transformation processes
= R N N = +  Any form of control
et T - <« = LR
. * Import of SWMM files possible
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h

Sewer system modelling in Simba#

ifak

— Hydrolo

28/0ha
(3.24 +1.84) s,
RU8

EZGo8

8.9
(2.77 +1.68) lis

10ha
| . b
EZG09 RUS®

326/0ha
(11.2+10.1) Us,

EZG06

18/0 ha \

gic model with Sankey representation of flows [I/s]

15.6 /0 ha
(362 +3.47) s

']

RO 10

basmlib simpTank
you

(4.58 +4.13) lis

EZG03-1

Evaluation_Overflows

/I

33/0ha
(685 +5.56) s
EZGO1

228/0ha
(687 +4.69) s

EZG02

11.8/0ha
(2.09+1.05) s

EZG10
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h

Wastewater treatment modelling

* Detailed dynamic models (systems of differential equations)

* Modules for physical and biochemical processes:
— Primary clarifier, Secondary clarifier
— Nitrification and denitrification tanks S
— Fourth treatment step "
— Control options, sensors, pumps
— Aeration systems, Energy models e

— Sludge digestion The base of most

« Useful for biochemical process
models for WWTPs

ACTIVATED &

— Selection of design variant, improvement of operation
iqu — Improvement of energy efficiency, ... b somsmomuno
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Wastewater treatment modelling
* A simple WWTP model

ifak

TG_HSG F:ac,tb add

600 m? =]
Eff
5142 [115} @0«02 -
Ues
" (Pl x
O Parameter block NK3S - o X
Parameter
Model type (Model) | asm3h
* Settler curface area (A) 100 m
. Settier depth (h)[6 m
- Sludge volume index (SVI) 120 ml/g
” 8ypass fraction of retum sludge flow (0-vertical, 03 -horizontal) (f8y) 03
A r
ai Help | Defauits| Cancel | OK

Activated Sludge Model ASM 3 by IWA

Parameters of Secondary Clarifier

NK3S/SNH g N/im~3
NK3S/SNO g N/m~3

Some results: NH;+NH,, NO, in effluent

SLOVENSKO DRUSTVO
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Wastewater treatment modelling

* Influent definition in data-scarce situations
— "HSG" and “Case-C" methods

* Some special modules:
— Membrane and biofilm reactors
— Aeration systems in detall
— Energy balances and analysis (DWA-A216 and EU)
— 4th treatment step

ifak
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River modelling

 River water quality modelling in urban context:

— Impacts of sewer system and treatment plant discharges
on river

— Dissolved Oxygen, NH4, NH3, pH, ...

= o ASM swqm_DokuZ_ICUD_mitBeta

: T Autor: ifak e, V. Magdeburg, mas, 06/2008, 0372011 SWQaM4
Description: Simple Waler Quality Model Mo, 1, Version 4.0
© O |velid=True S -

RRRRRRRR

| RWQM1

cioo ]| . 1 SWQM .
= oo oo 5 prOCESSES CComa 1 Sk
23 processes L ==t 7 fractions

. 2afactons [~ T "™ - includesalso NH pH
ifak HOfeEEmEERY 0 T | <& ooy
N GGGGGGEGGEEEGGGEGGEGEEGERERERSRSESESS
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River modelling
SWQM - A dynamic river model appropriate for

ASM swqm_Doku2_ICUD_mitBeta

[ ] [ ] [ ]
[ ] Autor: ifak e, V. Magdeburg, mas, 06/2008, 03/2011 SWaM4
°® Description: Simple Water Quality Model No. 1; Version 4.0

valid=True
S0 SN a1 55 SCON  SALK S Rate
Reaeration 1 0 0 ] 0 0 0 by (504 - SO ks oy
L4 z . 64 - -2 a¥ i e SNH S0 SALK SIC
- P ro C e S S e S . Nitrification:. Ja=7g o a0 TaeesALK 1¥afCoon & W g5 Knoa SALK + Kgprx SIC + Kgge
- i 2 e S0 S0D
_oxygen_ -1 i 0 ] il iCeon 5O+ Kegp B + eps 50deng
: alpha SiC
Photosynthesis 1 0 0 o0 0 AiCoon aps 8IC + Ky 00
i)

Decay_of_organic_mat] 50+ Ko 55k temp

coz cas excnan| PTOCESS Kinetics: based on |0 v i) s e
state-of-the-art approaches

(ASM3, RWQM1) HESSE

[ ER: A
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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)

iqu - SIC: inorganic carbon [SALK+COZ2] =D 2azastirovoos
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River modelling | s
* River modelling: Assessment of river water ¢
acc. to UPM Manual

I Duration-frequency criteria for DO:

Manual

A related procedure
also in DWA-M102-3:

] Exposuretoa

= concentration of .4 ... mg/l for

= more than ...G.... hours with a

= return period of more than .. 1 year... t
Return period DO concentrations (mgl)
1h : 6h 24h
| month 4.0 50 L
3 monts 3.5 45 5.
| vear 3.0 =~ 4.0 4.5

gk = Thves Sarhen £207 ‘ | : '_: :
e O .
siRrmramea S0
il w"HI | 4 ]
; | |
H £ T
l q | il il el A SLOVENSKO DRUSTVO
~ =D zazasciTovopa
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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)

ifak
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Example of an integated model:

* Astlingen sewer network, WWTP and river
Sewer WWTP

T RSN Flow snapshot (Sankey
network _ [T diagram)
: g I - A - t=1754 22°00™

Converter models

- Mainriver

1 k
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Example of an integrated model:
« Submodels:

1 k
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Example of an integrated model:
 Simulation results: Base case
| WWTP M

inflow

o
170 170.5 171 171.5 172 1725 173 173.5 174 1 175.5 176 176.5 T
150 15
P ASM3/NK3S/COD g C 3
—  WWTP ASM3/NK3S/SNH g N/m"3 I
100 H— WWTP ASM3/NK3S5/SNO g N/m*~3 WW I P eﬁl u e nt
= 4_/\‘\/——
o

— i — — — concentrations

176.

ok WWTP effluent
~12= NH, and NO,

170 170.5 171 1715 172 172.5 173 1735 174 174. 1755 176 176.
P .
Ifq k Concentratlons (‘ SLOVENSKO DRUSTVO
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Example of an integrated model:
« Simulation results: River: Base case: Oxygen (DO)

176.75
7.3142
6 —— Baseflow PB/swgm2extra_2/SO g/m3 2475
——  Mix6/SO g/m3 7.3798
——— Mix4/SC g/m3 1113
4 Mix3/SO g/m3
River PB downstream/SO g/m32 -
2 DO in small
0
170 170.5 171 171.5 172 172.5 173 173.5 174 174.5 175 175.5 176 176.5 177 Cree 5 180
t[d]
———  Baseflow E/swqm2extra_2/SO g/m3 176.75
- m—]— MiX1/SO g/M3 — —~ —
r@i—’— N ——— at confluence E and PB/SO g/m3 \ ' '!'"" ‘ 228
A ——— Mix7/SO g/m3 ‘, /
——— Mix5/SO g/im3 i 5
——— Mix8/SO g/m3 lh\.
——— Mix9/SO g/m3 \“
P ——— Mix10/SO g/m3 ‘-‘J 7.2029 - .
— Mix11/S0 g/m3 68971 D In m In
—— River Section E20/SO g/m3 5.2571
——— River Section E30/SO g/m3 141
2
170 1705 171 1715 172 1725 173 1735 174 1745 175 175.5 180

t[d]

ifak

.
176 176.5 177 17 rlver
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Example of an integrated model:
« Simulation results: DO in various locations
— Quwrrin = 330 |/s permanently

— i
—— atconfluence E and PB/SO g/m3 \' 'q

6 ——  Mix7/SO g/m3 \‘ \ /
—— Mix5/SO g/m3 ‘L Ih
—— Mix8/SO g/m3 L"‘ A
— Mix9/S0 g/m3 '.\\I lr/

4 —— Mix10/SO g/m3 "\\.
— Mix11/SO g/m3

Baseflow E/swqm2extra_2/SO g/m3
Mix1/SO g/m3

River Section E20/SO g/m3
River Section E30/SO g/m3

176.792

170 170.5 171 171.5 172 172.5

173 1735 174 1745 175
t[d]

175.5 176 176.5 177 177.5 178 178.5 179

179.5

180

— Quwrpin = 330 I/s for max.1 hr within any 24-hour period

ifak

=———

Baseflow E/swgm2extra_2/SO g/m3

176.792
Zo2a

Mix1/SO g/m3

at confluence E and PB/SO g/m3
Mix7/SO g/m3

Mix5/30 g/m3

Mix8/SO g/m3

Mix9/S0 g/m3

Mix10/SO g/m3

Mix11/SO g/m3

River Section E20/SO g/m3
River Section E30/SO g/m3

170 170.5 171 1715 172

-
=
15
o

173 173.5 174 174.5 175
t [d]

175.5 176 176.5 177 177.5 178 178.5 179

179.5

180

Q‘ SLOVENSKO DRUTVO
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Additional topics ( :

* Model-based predictive control of cbjectives | pesign

and of internal model | phase

System condition Application
> Internal phaseOnline
Sensors
- =====P process
) prediction
(real-life) model
* Internal process model system (Digital Twin)
called many times Optimisation
+ Set-up and B Uolr Regulating !
. . test/development devi
implementation so far substituted by) e ) Control decision
requires special simulation -
del Optimisation of
software e control decision for

every timestep

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

— Controlling 4 tanks in Astlingen sewer system
Main objective: Minimisation of CSO volume

ifak

Internal model
(any Simba# model
can be internal
modell)

Spec'ﬁcahon of (O Parameter block Parameters of objective function - (s] X
. ST
- Mol o control objectives Pacameter
® =
/ Weighting of filling degree deviation 2
TI - arams ob fct
= eightin
o m'/d
=4 [} 3
B = m¥d
;{ . X0 par =
£ x1 i
GlobalRan_1 X3 Weighting for overflow (‘max. Overflow)) 400000 m'/d
preet Max. WWTP inflow capacity 271.28"86.4 m'd
qov
GlobalRain_2 lad0 Help | Defaults| Cancel | 0K
- 1 ..E jodt
GiobaiRan_3 s ,o ..E
= Control throttle T6 Bl Objfunction
GlobalRain_4 ok

Q‘ SLOVENSKO DRUSTVO
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Additional topics (1):
* Model-based predictive control: Example: Results
— CSO volume over 1 year — different control approaches

300000 11/01/2006 00:00:00
——— Base case 2.525e+05
—— optimised static throtties 2.4509e+05
—_— | 2.3218e+05

EFD algorithm
Generalised controllers
- MPC

= Theoretical optimum

250000
2.2724e+05

2.0259e+05

200000

150000

100000 —

m*3 Cumulated overflow volume

50000  mm—
0 _;ﬁ
° 112005  Dec 2005 Jan 2006 Feb2006  Mar 2006 Apr2006  May2006  Jun 2006 Jul 2006 AUg 2006  Sep2006  Oct2006 Nov2006 _ Dec 2006
I td] SLOVENSKO DRUSTVO
=D zazasciTovopa



Simpozij z mednarodno udelezbo : VODNI DNEVI 2023

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

,Digital GreenTech — Langprojekt i-SEWER: Die nachste Generation der
Kanalnetzsteuerung” (BMBF, 02WDG1641, 04.2022- 03.2024)

[1 Can the internal model be ,learned” applying Al technologies? ﬂ@ | idesmiisteton

GEFORDERT VOM

fiir Bildung

[J Analysis for the sewer network of city of Freiburg (Brsg.) und Forschung

HELMHOLTZ (O Grimm Water Solutions i CII(
UFZ ) Yoot Urnweitforsch
entrum fiir Umweltforschung tut fiir Autema
‘ Preiburga; bnEELZ,é‘ BIT | INGENIEURE
Y ptemelye

m ABWASSERZWECKVERBAND
BREISGAUER BUCHT
°
I q k f‘ SLOVENSKO DRUSTVO
s—) ZA ZASCITOVODA
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Additional topics (é o

» Connecting the model with the real world

Plant model Control logic

— Virtual commissioning:

Measurements Measurements
Data exchange, e.g.

Simulator | PLC

: using OPC server < -
Setpoints Setpoints

— Observer model: Getting more information out:

Influent WWTP Effluent

Real Plant

P Madel od
l q k Proaems statiz): Observer Simulator A SLOVENSKO DRUTVO
i =D zazasciTovopa
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Additional topics (2):
» Connecting the model with the real world
— Option 1: Use ifakFAST tool

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

1 k
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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

S1_Call ANC BNC
- b { | -
Caco: ANC| | BuC | | e
ity [?5":_
B C C | / /
P HS oH_BS
 — e

| —

= K543

i

mg
= Q‘ SLOVENSKO DRUTVO
Ifq =D zazasciTovopa
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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

\
—_ SWWMsolver 1 "‘

TR A
CatohmentM O—=

A SLOVENSKO DRUTVO
=D zazaiciToVODA
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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
. Enodels for your tasks!
ifa

Q‘ SLOVENSKO DRUSTVO
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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) DB.U\(}

— More details: T
https://www.dbu.de/foerderung/moe-fellowship/

— Application: every year on 05.09. and 05.03.

1 k
SLOVENSKO DRUSTVO
Ifq 5_‘) ZA ZASEITO VODA




Simpozij z mednarodno udelezbo : VODNI DNEVI 2023

Najlep3a hvala! Many thanks!

Dr. Manfred Schiitze, ifak
manfred.schuetze@ifak.eu

www.ifak.eu
simba.ifak.eu

ifak
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