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\ Primodal

» Based in Hamilton, ON. (est. 2005)
» Data-Driven Solutions

* Mechanistic Process Modelling Specialists

* Process Engineering & Modelling, Design, Control,
Uncertainty Analysis, and Data Analytics

» COMMON THEME - Data Evaluation

- the need for accurate and representative data
- data analytics (quality, analysis, open data, ... )

» PrecisionNow© software suite (data analysis, modelling)

e dDesk, dDock & dDockDT
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PrecisionNow 2> Why?

» Simply Put:
» Practical Process Understanding / Better Operation, Decision-Making
(in a user-configurable tool using data already being collected)

Empirical Design Criteria
Simple Control Loops

Model-Based Design Criteria

Advanced Control / Expert Systems
Uncertainty-Based Design Criteria

Data-Driven Process Optimisation
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Towards A Digital Twin

» How ?
Automated Process Control
- Staged Approach ‘ - link DT to plant actuators
- adoption of DT by all disciplines

(realising benefits

at each ste
p) Real-Time Process Optimisation

- real-time calculation of process/operational variables

One-Site Digital Twin
- real-time data acquisition & real-time model operation
- simplified data-driven models for real-time KPI and process optimisation

@
Plant-wide Mechanistic Process Model

- end-to-end full plant process model
- data analysis / quality assessment
- modelled control / operational procedures
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Barriers to Implementation

» Data Quality
» SILO issue

- PROBLEM:
- Communication within organisations

« EXAMPLE:
- Terrible DO control, erratic blower activity
- Effluent ammonia spikes

* INITIAL ANALYSIS
- DO setpoint based on ammonia value (ABAC)
- Setpoint algorithm reasonable
- Valve / Pressure / Blower algorithms reasonable
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Barriers to Implementation

» SILO issue

« DATA ANALYSIS / MODEL-BASED RESULT
- Aeration response too slow = response dampening

Ammonia sensor inappropriately deployed
— Spatial issues

— Maintenance issues

UUUUU | AirFlow Control:

- not correlated to actuators being controlled,
- impact of delays in aeration response??

AirFlow (m3/hr)

~N Two blowers

0 20 40 60 80
_ . Average IGV Position (of all 3 blowers, %)
S One blower
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Barriers to Implementation

» SILO issue

« PROBLEM:
- Everyone doing their jobs correctly
- Lack of understanding how each task impacts next step outcome

- Lack of understanding how the pieces work together (i.e. SILOs)

- SOLUTION
- Interdisciplinary process analysis
- Model-based knowledge capture and decision intelligence

* VISION
- Digital Twin implementation with real-time data verification &
automated model updating for real-time plant status and
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Interdisciplinary Approach

Operations

Process
— \ knowledge V

Management Engineering
Decision Data &
metrics | \de3|gn

assisted

knowledge | S
th“re Control

Instrumentation Y Control
Sensor info Wtem design
—

Lab

Reference
S . \ values
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Successful DT Implementation

* Includes all disciplines

» Creates incentives for all disciplines

* Incorporates existing operations in DT
» Data quality control

» Optimises data usage

* Incorporates new data-driven operational outcomes
into existing SOPs and operator work schedules
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Successful DT Implementation

Operations

Process monitoring
assistance, SOPs

e —
Management Engineering
Decision - Upgrade
\support | \testlng
DT |

assisted |
e operation A —
Instrumentation Control

Optimization of | Control
sensor | system design
\naintenance /E—; and testing
Lab
Optimised data

— Qlection, data
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PrecisionNow: dDockD T

PLANT
PROCESS

DATA a INFORMATION

‘ DATA QUALITY '

‘ ASSESSMENT
%
ANALYSIS '

VISUALISATION

dDockDT ¥

CALIBRATION & SCENARIO ! :
SCHEDULING Calibration

SIMULATION
ENGINE
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PrecisionNow Software Suite

Historical Data

* Manual data import

« Single-run data analysis

« Standard / custom data module library
* Python / Al model linking

PrecisionNow

Real-Time Data

» dDesk functionality +

« Automated data import

« Continuous data analysis
* Real-time module library

Platform

« Database

* Visualisation

» Data import / export
« Manual, automatic Digital Twin
« Excel, csv, OPC, python, ... « dDock functionality +

« Data analysis engine dDockDT « Task scheduling

« External communication « Real-time model linking / updating

» QOperational feedback
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PrecnsnonNow dDesk

H|stor|cal dDesk
. Data Files & Input: - Desktop Historical Data Analysis

: Prec:s:onNow g ;
g ‘ i Historical Data

dDesk- Ach|S|t|on Data Analysis
| - & Storage EE Analysis = Modules

@ ‘i Assisted :
- E> Manual Data | _ . ¢ Modules

Externally Developed Data
Analysis Models (tensorflow;:

User Queries & User-Defined onnxC#)

Data Analysis Work Flows
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. PrecisionNow: dDockD T

" Historical - dDockDT L e :

' Data Files & Input? Real-Time Automated Digital Twin . Externally :

Dl Peor  buGay  metmeoss

PrecisionNow E"Ifié'fé"dﬂ'a"l'i'f)'/mé EReaI-Time Dataé De\lge;?ap ed :

Analysis i Analysis
Modules  : :: podels

: : 2 : : E ./ (tensorflow,

Process Data : : : o :
Sources : i 5 e :

Hl SCADA
____________________ User Queries & User-Defined
B Data Analysis Work Flows
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PrecisionNow -2 User-Configurable Data Analysis

Project Dashboard
influent pump model diumal ~ aveRawData +

Q diurFactors

g R e E— ons Drag-n-drop 100s

DataDistribution ~

L |
I pistribution Frequencies CalcDiumal Flow .
— of user-configurable
| Frequencies Dist Fregs
I Creae Distribution Frequency diurFlows R d t I 1
(] Synihetic Data From Input a \—/ I_E Cumulative a a a n a yS I S

Distribution StormDuration _| '_| cummFlowEst
B pata Characterisation 15minAve dghjg = m O d u I e S ] th e n
B s connect them up

[ Basic Outlier Screening distStormMag
rawWwFlowCalc T L |

Y
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[ Advanced Outlier Screening

[ Basic Outlier Trimming

[ Keep/Remove Data /M| di,i'StOmeW Visualise your data
L .
analysis flow

B Keep/Remove Time Of Day

Cumulative
cummFlowCalc

[ Basic Series Comparison

[ Advanced Series Comparison
Cumulative

DataTools cummFlowMeas

DiumalData ]

D | Flow Calculati
B piurnal Flow Calculation Aug12-21

Advanced Diumnal Flow
[ Calculation (Seasons &
Infiltration)

redCalcMeasEqWw
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[ Diurnal Pattern Calculation
I Apply Diumnal
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PrecisionNow > User-Configurable Visualisation

Dashboard Modules

iHFl iH Nutrier

Project

Inf Conc Raw v

Untitled

« Choose your own
visualisation options

 Configure personalised . .
dashboards NP

Untitled D ™ Max Mean Suier 5% 0%

Influent Cone: COD mg/l 200.000 1,200,000 734.684 187.477 400.000 770,000
Infiuent Conc: CODnf mg/l 59.000 400.000 71885M 101 477 59.000 210,000
Influent Conc: BOD mg/1 57.000 590.000 3133713 94.938 170.000 310,000

Influent Conc: TKN mg/| 15,500 94.400 64.478 181N 29.700 70.100

Influent Cone: NH4nf mg/1 17.400 63.400 48.629 16.193 17.400 52.500

Influent Cone: Niot mg/| 15.500 94.400 64.618 18.167 29.700 70.100

Influent Cone: PO4nf mg/l 0.554 9.340 4.826 1.567 1.990 5.100 6.960

Influent Cone: Ptot mg/l 1.600 12.000 8.395 2330 4.200 8.900 12.000

Influent Conc: 0B NVT ma/l 76.000 720.000 3119m 105357 150.000 320,000 490.000

Influent Cone: TZV 02 mg/l 270.835 1,608.101 1,028.393 261285 537.587 1,070.544 1,347.482

Influent Conc: pH 7.400 B8.200 781 0.165 7.600 7.800 8.100

Influent Cone: @ m3 32121.260 196016.210 63,159.445 32,664.218 37,200.950 48673840 131,377,630

PrecisionNow® ' :
NWWA, November, 2022 y

www.primodal.com



ASPAN ASPI2 ASPIA

= M‘-w*whl o
Drommstic ﬂ ﬁ g

e T Sy i ASPIN ASPIX2 ASPI3
e 1

[ N =S -SHEY
Primary il S victer i Ii—_u- . . e s
o J— PR 1A - -
= = = | — =
e A Dol Sow drvider®
JI= ASPA11 ASPA12 ASPA13

ASPL1 AFRLE2 ASPL3

PrecisionNow®

NWWA, November, 2022 s ‘ ) www.primodal.com



Demo

PrecisionNow

dDesk

A PRIMODAL SYSTEMS DATA ANALYSIS PRODUCT

PrecisionNow

aDocKoT

A PRIMODAL SYSTEMS DIGITAL TWIN TECHNOLOGY
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PrecisionNow: dDockD T

Facility IT Network Control Room PC

Visualization

Process Information

SRT =7?

Mass Balance =?

‘C dDockDT [s] \Q\

Plant . L
% Automated Real-Time Acquisition &

Data Acquisition
&] OPC-UA or Other |:>
On-Site Data

$

Querying Method

Simulation Engine

B N e
:> (0 5 I

Continuously Running
Process Simulation

Active Analysis
(Real-Time)
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. PrecisionNow: dDockD T

<

dDockDT

Real-Time Automated Digital Twin

2

Process Information

Plant

Operator/ Engineer / Admin

Control Room
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\ Failures, Process Oddities ...

» Predictive Fault Detection & Soft Sensors

Real-time soft sensors
running in parallel, or
alone

Measured & Predicted Influent Ammonia

e 1) 8] B
(4] o 4] =]

Ammonium (mgN/L)
a B

Sensor failure & alarm

20. IJun 22, -Jun 26. IJun 28. I.Jun

DateTime
* Measured
Predicted PrecisionNow - dDock
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\ Failures, Process Oddities ...

» Predictive Fault Detection & Soft Sensors

» Optimise and adaptive control structures
- DO, SRT, MLSS, Chemical Dosing, ...

» Flow & Mass Balances
- Influent/Effluent, Flow splits

» ldentify maintenance issues
- Statistical comparison of parallel ASPs
- DO probes, Airflows, Valves, Ammonia ...
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Conclusion

» Data Quality

 Data Quality is essential

- You've invested in the equipment, so spending the time and money
ensuring data quality will help realise the benefits

* Maintenance

- Understanding when and how often maintenance is required saves
money (avoid ad hoc estimates)
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Conclusion

» Digital Twins Need Prior and Post Model Data Analysis

+ Raw data analysis for proper data to the model
* Model output analysis for real-time operational efficiency

» PrecisionNow

« User-Configurable DT technology
- data analysis & visualisation
- data flow to/from the model
- multiple model capabillities, scheduling, optimisation
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Thank-you !

John B. Copp
Primodal Inc.
Hamilton, Ontario
copp@primodal.com
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