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Marcello Serrao — Candidat Doctorant

» Master en géographie physique — spécialisation hydrologie (1999) - 'université d’ Amsterdam
» Bachelor en études environnementales (2004) - 'Open Université Pays-Bas
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Digital Water Revolution

® Digitalisation of process monitoring and control in many industries, but...

® Wastewater Treatment is

Physical, biological, chemical processes > complex interactions

High variable conditions and operating parameters > harsh conditions

Large investement costs with long life-span of installations > aging infrastructure

Evolution of stricter effluent discharges & transformation to wastewater recycling, nutrient and energy recovery

® State-of-the-Art

Introduction of ICT and SCADA systems — since 1970’s

Development of online reliable sensors for quantity (1990’s) and main quality indicators — since 2000’s
Introduction of sensor based process control PID controllers, FeedForward & FeedBack control;
Development of simulation models based on process understanding (‘white box models’)

Introduction of application programming interfaces (APIs) to retrieve and share data from mutiple platforms




Challenges for Digital Wastewater Revolution

Smart Digital Control of Wastewater Flow
through Transport Network :

- Reduce combined sewer overflows of
untreated wastewater

- Predictive maintenance to reduce
obstruction / failures of critical points

Future development =

Model-supported operation & smart
Digital Control of Processes at the
Wastewater Treatment Plant

= Vaives with remote control
) Pumnps with remote control Troatment Pant Norege faciey T Tunnel




Research objectives and framework

® Objective I: integrated simulation process model

 (Re-)calibration and validation of a deterministic model integrating Chemically Enhanced Settler, Biofilter, Membrane Bio
Reactor

« Simulate and evaluate the effects of different scenarios and create data bank

® Objective ll: smart control system

« Apply artificial intelligence algorithmes (machine learning) for data analysis and data quality control

® Objective lll: hybrid adaptive digital twin

« Integration of data-based model for analysis (‘black box model’) with knowledge-based process model (‘white box’)

Partenaire Réle Répartition du
temps de travail

Comité de these
« LEESU : professeur Bruno Tassin (directeur de la these)
* Modeleau : professeur Peter Vanrolleghem (codirection)
« SIAAP : Dr. Jean Bernier et Dr. Vincent Rocher
« W-SMART : professeur Illan Juran

Duration : March 2020 — March 2023
R
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® Long term : central component of an Integrated Urban Water System : River + WWTP + Transport Network
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NOCOPEE La Méthodologie
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Methodologie de la modelisation

v

Good Modelling Practice (IWA):

Step 1. Project Definition
Step 2. Data Collection and Reconciliation

| BT N AL G T

Step 3. Plant Model Set-up : =
 Use model developped by Jialu Zhu for CEPT and biofiltration;

« Apply Fractionation with Interpolation to fill data gaps and create Influent File
* Functional check & set parameters values

:

e

AT CAL IO SRDR DO0ROL W 1 OR

Step 4. Calibration and Validation
- lterative adjustments of model parameters to fit calculated variables with observed
variables at effluent
- Methodology described by Mannina et al. 2011 N
1) parameter sub-set selection Ve
2) model calibration
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Step 5. Simulation and Result Interpretation
* Run dynamic simulations
« Descriptive Statistical Analysis of results to report on Accuracy

PLART MODIL STUP

o

Figure 4-1: The proposed GMP Unified Protocol
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Phase I: Parameter Subsets

Selection

Sensitivity analysis to reduce
the number of model
parameters to be calibrated.
Different subsets of influential
model parameters are
selected, each focusing on a
different group of output
variables.

Phase II: Calibration of
Model Parameters Values

The model calibration is
performed on the subset of
influential parameters by
means of a group-wise Monte
Carlo technique.

Methodology for Calibration of a Phenomonological Model (Mannina et al. 2011)

Phase 1: PARAMETER SUBSETS SELECTION

1. Define the set of representative model
outputs

v

2. Define the set of a priori model
parameter values

¥

3. Define the variation range and
distribution of each model parameter

¥

4. Monte Carlo simulations with
variation of single model parameters

]

5. Calculate the sensitivity coefficients; ;

v

6. Define the set of the influential
parameters for each representative
model output

i. Define N groups of representative model
outputs and their calibration order

ii. Select the sensitive parameter subsets for
each group

LM

=12, ..,

Phase 2: MODEL CALIBRATION

-—— -

iti. Select the first group of model outputs and
corresponding parameter subset

¥

A A

7. Monte Carlo simulations with
the variation of influential parameter
subset for the selected model outputs

v

8. Calculate the overall model efficiency

v

N values

9. Select the calibrated parameter subset

=12, ., N

¥

Are all calibrated

parameters also influential
for the next group?
I

Yes

Y

No

Y

a. Include all influential
model parameters in the

b. Fix the non-
influential parameters

following i-th step

4

¢. Include all influential
model parameters in the
following i-th step

10. Calibrated model parameters

Mannina et al., 2011
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Online Data Quality Analysis programmed in MATLAB

NOCOPEE (Alferes & Vanrolleghem, 2016)
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advanced data analysis

W-SMART studied Support Vector Machines (SVM) for predictions of COD & TSS values in effluent Chemically Enhanced Settler

=> SVM was able to recognize patterns and assign data to the category "anomaly" or "non-anomaly", making it a non-probabilistic

binary linear classifier (Tinelli , 2019)
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Planification de la méthodologie détaillée

Période sept —déc | jan —mars avril - juin Juillet - sept oct —dec | jan—juin juillet — déc
2020 | 2021 2021 | 2022 2022
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Site pilot — Seine-Aval (Acheres)
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NMOCOPEE WEST Biofiltration Model (Zhu, 2020)
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MOCOPEE Premiers résultats de la calibration du modele
o Model calibration for Biofiltration
CODtot effluent

mg(02)/1

.1‘

i Nm'ﬂl

+ Measure d NO(x) SORTIE mg(N)/I - Treated Data- no

10

Model calibration for Biofiltration
NO, + NO; effluent
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Lessons learned sofar & next steps

® Data quality is an important issue : regular maintenance & calibration of sensors
® Data collection for longer periods is necessary to train algorithms

© Modular approach is not easy to overcome : interconnectivity between data collection & storage
systems, simulation models, online sensors and SCADA system will be important >> standarized
systems needed!

©® Model-based control using Digital Twins is probably more suited for larger plants with wide
fluctuations in flow rate and pollutants load.

® Conventional controllers (PID and FeedForward) are sufficiently efficient for smaller plants with less
variations in flow rate and pollutants loads.

® Model-supported control requires signficiant expertise and experience >> Training required to be fully
implemented at operations level

Next steps:

® Calibration and Validation of biofiltration and settler models
® Develop and train algorithms for biofiltration and settler models




Planned contributions & References

® Smart Monitoring and Wastewater Treatment Process Control in the Paris Region (France). M. Serrao! 4, V. Rocher?, S.

Azimi2, J. Bernier?, . Jurani, P. Vanrolleghem?3, B. Tassin*:(2021) . Draft under review. Chapter in UNESCO / W-
SMART book on ‘Smart Water Management'.
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Merci pour votre attention.

Questions ?

marcello.serrao@enpc.fr
06.58.77.73.98

Ivan Bandura
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—— Methodologie de la calibration de la PréDN
NOCOPEE Step 2 : Data Collection and Reconciliation

Data Collection at PréDN for Battery C — Performance data from BASTA database & monitoring system

DBO5 N-NO3
P N DCO  NTK

from
Primary

Settling
stage Q <.

to Nitrification stage

5 & /
Effluent e - ~

Battery C
0
. @  DBOSN-NO3 /& 3
28  Dco NTK 63/ N-NO* %, -
DCOs P-PO4 Q' N-NH4* 02 DN %0 COT
MES pH coT /276@ DBO5 NNO COD12/07/2019
N N-NH4 Prot COD26/11/2019 PCO  NTK N-NOXx
N-NO2 N-NOx DCOs pH
MES PPO4
NNH4 Ptot
NNO2

RC = recirculation of Nitrified water *) measured at entry of PostDN
A Laboratory 24 hrs composites RT = Retours en Téte = MF + RF = (1) backwash water from filters treated by MultiFlo to reduce suspended solids (TSS) +
O@® In-situ measurements 15 min (2) cooling water from sludge heaters




DBO5
DCO
DCOsol
MES
N-NH4
N-NO2
N-NO3
NTK
P-PO4

RC + RF Lab
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N-NO3
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DCOsol
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N-NH4
N-NO2
N-NO3
NTK

D_DNA

*= mesurés par capteur en ligne
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N

Mesures Moyennes Journalieres PréDeénitrification Batterie C
26/11/2019 — 15/03/2020
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A ©
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L’eau nitrifiée
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Aeo
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PréDénitrification
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Reduction of NO; & NO, to N2 gas : NO; ->NO, -> NO -> N,0 -> N,

k C1oH1603N + 10NO; -> 5N, + 10C0, + 3H,0 + NH; + 100H-

!

76
44
30
20
0,3
2,9
26,7
0,8

22

27
20

0,9

23



