Improving energy efficiency in the tertiary treatment of Alguazas
WWTP (Spain) by means of digital twin development based on B
Physics modelling
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Architectures for dependable digital twins Q

DTCONEDAR

This use case answers the question of how to develop a replicable architecture for
development a digital twin in a waste water plant

The basic idea is to develop the digital twin using the following elements:

* Sensors and Data Acquisition: Extract information from the waste water plant using the automation system.
Different types of sensors are used to collect real-time data from the physical state: flowmeters, temperature
and pressure probes, pH, conductivity, among others.

* Communication Infrastructure: Analyze the communication architecture of the waste water plant, from PLCs to
SCADAs. Main industrial protocols are profibus, profinet, modbus, TCP/IP, OPC UA.

e Data Storage and Management: Real and synthetic data is stored in the database of the SCADA. The
information is accessible from different users and in different formats.

* Analytics and Modeling: The analysis and models developed in the project are employed to derive insights from
the collected data.

* Visualization and User Interface: An intuitive interface for industrial operators and engineers should be created
to interact with the digital twin. In this project, a new faceplate was created in the SCADA of the plant.
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Project Objectives Q
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Main Objective: Reduce energy consumption in the tertiary treatment of a WWTP.

* Develop a physics-based digital twin using a fast-response reduced-order simulator.

* Define a compartment model for the simulator to realistically contemplate hydraulic operation based on CFD.

* Connect the fast response simulator to a SCADA system & continuously monitorize the full-scale disinfection
process using the digital twin.

* Characterize the disinfection reaction kinetics in tertiary treatment by experimental measurements and
implement the disinfection equations in the simulation model to monitor key species in treated water reuse.

* Develop an integrated SCADA tool to help the operator taking better decision reducing the number of hours
the UV system is working.
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WP3: Experimental measurements in the lab and in field g DIAMA

WP2: CFD Process Simulation »
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Virtual representation of the processes that are developed at a real level: CFD model

Boundary Conditions
Geometry (Hydrodynamics, Results
radiation, disinfection)
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Laboratory tests to develop the CFD model, calibrate it, validate it at full scale and monitor
disinfection performance through analytical control of water quality in WWTPs. It will also
define the disinfection rate of pathogens for different doses of UV radiation and H202.

Escherichia-coli
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c Integrate into control software
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Evolution of the concentration of disinfectant and microorganisms along the channel:

1. Time evolution
2. Longitudinal evolution in the last time of the simulation

;Oﬁ @ % 3 “a’bf‘l‘oﬁ Q$llaondted 0’_‘3 Pl ot Og Q % 3l ‘".‘V.'a‘kt'-j“
1. Time evolution oo n lg\”\r * n lm mfw : m 051
1,000 4 1,000 4 xooo 05 et —
» —.—I'-“‘ | l:‘:);’+ 14:00:00 B 7¥'\‘ 120200 —~—"“ | ﬂu:o;oﬂ 14:00:00 *'14 120200 | 134000"4'14'01000 14:20:00 o- )0 13:4'5100 14:0'0:00 X‘:l‘SZW 14:3‘0:(‘
ConcO3 Colormes LACT 00 ol ConcOut_Ecok IFC/300mi]  Concout_Cosrum (/100 ] Concus_Desnfectante [LA] |
2. Longitudinal ——
evolution :

There are 7 different locations in both representations:

L5 L6 L/

https://doi.org/10.33774/coe-2023-1vjcw ORCID: https://orcid.org/0000-0002-0068-2123 Content not peer-reviewed by Cambridge University Press. License: All Rights Reserved


https://doi.org/10.33774/coe-2023-1vjcw
https://orcid.org/0000-0002-0068-2123

%'Sgﬁﬁm DTCONEDAR: Solution in the tertiary process —

INGENIERIA Y GESTION DE PROYECTOS INDUSTRIALES DTCONEDAR
CURVAS Y GRAFICAS ALARMAS
ENTRADA AGUA BRUTA »
HOMOGENEIZACION D
rrmasno oo | | [ouseR % electro
TRATAMIENTO BIOLOGICO  * | i
ENERGIA * Facsa NABLADOT::()
oesommaonrmeos ¢| | 7 NNAE M  [oaracon  Doemaf INGONILITT T
SALIDA AGUA TRATADA DIl | Coielerouesiem shenm suapn CLENAR ciclo integral del agua v £
ULTRAVIOLETA GRAFICAS GEMELO DIGITAL
e ,v'»} TABLA GEMELO DIGITAL
OB vwwrn /CHTBOESAwEY I +|3
[ Columna de tiempo | Total Flow Rate | Power A Chi | Power B Chi | Power CChi |  ConcinAl | ConcdnA2 | | |
5/05/2023 11:54:04 1365,61059570313 50 50 750! 100000 8000 30
5/05/2023 11:55:04 1161,93774414063 50 50! 750, 100000 8000 30
5/05/2023 11:56:04 1129,05126953125 50 50 750 100000 8000 30
5/05/2023 11:57:04_ 12“,65473515625 50 50, 750, 100000 8000 30 ‘
5/05/2023 11:58: 04 1016,44573974609 50 50 750 100000 8000 30
5/05/2023 11: 59'04 923,58312%82813 50 50 750 100000 8000 30
1329 |5/05/2023 12:00: 04 500,802886962891 50 50 750 100000 8000 30
5/05/2023 12: 01'04 458,533081054688 50 50 750 100000 8000 30
5/05/2023 12:02: 04 393,965209960938 50 50 750 100000 8000 30
5/05/2023 12: 03.04 337, N5551757813 50 50 750 100000 8000 30
5/05/2023 12:04:04 189,310272216797 50 50 750 100000 8000 30
5/05/2023 12:05: 01 196,449264526367 50 50 750 100000 8000 30
5/05/2023 12:06:04 189,008453369141 50 50 750 100000 8000 30
5/05/2023 12: 07'04 177, 661712646484 50 50! 750 100000 8000 30
5/05/2023 12:08: 04 162, %8279418945 50 50 750 100000 8000 30
5/05/2023 12:09:04 _1..53 082550048828 50 50 750, 100000 8000 30
5/05/2023 12:10:04 143,557907104492 50 50 750 100000 8000 30
5/05/2023 12:11:04. 133,212615966797. 50 50, 750 100000 8000 30
1 [5/05/2023 12:12:04 130,332244873047 50 50 750, 100000 8000 30
5/05/2023 12:13:04 132,298980712891 50 50 750 100000 8000 30
5/05/2023 12:14:04 137,465621948242 50 50 750 100000 8000 30
05/2023 12:15:04 145,270202636719 50 50 750 100000 8000 30
5/05/2023 12:16:04  540,677429199219 50 50! 750 100000 8000 30
5/05/2023 12: 17 04 718,075366210938 50 50 750 100000 8000 30
/05/2023 12: 18‘04 332,775451660156 50 50 750 100000 8000 30
5/05/2023 12: 19’04 391,%4479%0469 50 50 750 100000 8000 30
15/05/2023 12:20:04 378,688781738281 50 50 750 100000 8000 30
5/05/2023 12:21:04 288,551086425781 50/ 50! 750 100000 8000 30
/05/2023 12:22:04 477,234252929688 50 50, 750 100000 8000 [ 30
Listo Fila 1351 W% 12:22:32

oo

Lpr cos e [mgrtase sias bemen v o1

Financiado por
L . la Unién Europea
NextGenerationEU

https://doi.org/10.33774/coe-2023-1vjcw ORCID: https://orcid.org/0000-0002-0068-2123 Content not peer-reviewed by Cambridge University Press. License: All Rights Reserved



https://doi.org/10.33774/coe-2023-1vjcw
https://orcid.org/0000-0002-0068-2123

i?\lggrt\ri%m DTCONEDAR: Solution in the tertiary process

INGENIERIA Y GESTION DE PROYECTOS INDUSTRIALES

DTCONEDAR

INICIO PROCESS CONSIGMAS CURVAS ¥ GRAFICAS — CUENTAHORAS ALARMAS SISTEMAS

ATRAS

r ~CLUSTER L £ electro . —
i . ZINNAE !4 | e Pema® EFCSA @Ingenlum EAIEL“:E?“ ::“ .
T Chimersara sl ecems ol sgus cielo integral del agua FIGEN BRIA ¥ GESTICN O PROVECTOS MDUSTRIALES

CLENAR

OTCONEDAR

| ® il LA a4 o= Qe $+u @& Ul R+ U

CE X : _ & @
1 100 1000000 ] zn':)7 J’\ I—\
1 754 | 1
’U\\ =" 10000 20
1 50 == == | 1 ]
y NwL 100 4 104
i 25 ] B
1 1 I Al D_:l ]

L‘.\-q-’"‘n’\-*

]
’ T v v T T T T T T v v T
13:40:00 14:00: nn 14 2u o0 = | 1340:00 14:00:00 14:20:00 =E= | 1340:00  1400:00  14:20:00 13-40 00 14:00:00 14:20 u-a 12:40:00 14:00:00 14:20:00
‘ Caudal volumétricn [m3h] ) H Potendia [%] % H Concln [UFC/ 100 ml] ‘ ‘ Absortivicad [1m] o | | ‘ Cone Desinfectante [nLl] N

waEd

OUTPUTS MODELO
@\Lt}_ il

B &b O &, N o o Jil " I o Jd. & ] 3
0 =& QplianSty @E QfpunIt @EF QfiomSty @
1000000,000 T 1000000,000 1000000000 ] |
100,000 - ¥ 1000,000 1000,000 | v 0.5 1 ! ]
1,000 - i 1,000 4 1,000 4 1
| ol | B o s = ATl = e ! \1 ! ! aan WL L ! ! 0,0 1 | . o |
=== a0 14:00:00 14:30:00 === jaa000 14:00:00 14:20:00 ===t RN] 14:00:00 14:20:00 = 13:45:00 14:00:00 14:15:00 14:30:0
ConoOut_Colformes [UEC 100 mi] ._-_a-.mJt_F__d JFFJlil Concout_Clostridium [UFC] 100 mi] t.nﬂco.:t_peshfectmhe I'J'm*]
. . .
. . . . . .
- - - = - 1 a - . . . . . . . . - . .
e L o Financiado por
QEIEEE:I . WEAS ESmeemes | R e la Unién Europea
Agrepecionss Emprrearisiss Innevnisris Al == NextGenerationEL

https://doi.org/10.33774/coe-2023-1vjcw ORCID: https://orcid.org/0000-0002-0068-2123 Content not peer-reviewed by Cambridge University Press. License: All Rights Reserved


https://doi.org/10.33774/coe-2023-1vjcw
https://orcid.org/0000-0002-0068-2123

Conclusions & Future Works @"

DTCONEDAR

Four of the main aspects of DTCONEDAR's digital twin are:

« The high level of detail of the models to be
implemented (hydraulic behavior +
specific reactions)

 The development of compartment models,
calculated in real time providing online
information for plant control operator.

« The consideration of different types of
pathogens.

 The integration of a DT in a real SCADA
system to assist in the decision making
process.

« Future Works (2" part): Development of
digital twin of the secondary treatment
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« Tecnoacua: https://www.tecnoaqua.es/noticias/20221213/fascsa-proyecto-
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participa-en-el-gran-proyecto-internacional-que-transformara-digitalmente-las-
edar/?utm source=Publicate&utm medium=URL&utm content=...&utm camp
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