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CGl Innovation Center demonstrator

On-line monitoring
of production unit
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on-line monitoring of production unit

Distillation process
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Hybrid Digital Twins

= Hybrid digital twin combines the benefits of simulation and
machine learning.

= Simulation models can be used directly (or exported from
specialized software, for example in FMU/FMI format).

= Adaptation of simulation models to real operational data
without the involvement of engineers to manually fine-tune
simulation models. ML models embedded into simulation
models.

Simulatio
n Model
Machine
Learning
\VileYel=)

Workflows
Surveillance, diagnostics,
model updates, optimization

= Building models using machine learning methods based on
operational data and/or synthetic data obtained from
simulation models.

= Re-training of ML models is carried out constantly, allowing you Data Multi-disciplinary Models
to give relevant recommendations when changing operating Rcrnvss Physics based or

modes.
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Hybrid digital Twins
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pSeven
Enterprise

Building Hybrid Digital Twins Hybrid Sim/ML models

Telemetry data

TIME Q1 Q2 Q3 Q4 X Y 4

10:58:51 | -0.775506 0.451796 -0.431151 0.092625| -0.008350 0.031246 0.048060,
10:59:51 | -0.218972 0.800993 -0.551323 0.080649| 0.000562 -0.00039  0.002956|
11:00:51 -0.209406 0.802330 -0.549578 0.101878| 0.000110 -0.000117  0.000048
11:01:54 | -0.209518 0.804907 -0.545130 0.105169| 0.000717 0.000156 -0.000647,
11:02:54 | -0.210605 0.801599 -0.550194 0.101838| 0.000130 -0.000080 0.000033|
11:03:56 | -0.211824 0.801596 -0.549643 0.102305 0.000011 0.000216 -0.000190|
11:04:56 | -0.210696 0.800860 -0.551182 0.102125| 0.000087 0.000042 -0.000018|
11:05:56 | -0.210882 0.800777 -0.551268 0.101926) 0.000031 0.000016 -0.000050
11:06:56 | -0.211182 0.800579 -0.551430 0.101980| 0.000149 0.000080  0.000033|
11:07:56 | -0.211328 0.800571 -0.551364 0.102101] 0.000147 -0.000235 0.000191
11:08:56 | -0.211150 0.800743 -0.551232 0.101833| -0.000098 0.000155 0.000025
11:09:56 | -0.211046 0.800647 -0.551360 0.102107| 0.000025 -0.000089  0.000095|
11:10:56 | -0.211360 0.800523 -0.551463 0.101875| 0.000015 0.000042  0.000050|
11:11:56 -0.211435 0.800452 -0.551498 0.102084 -0.000019 -0.000171 0.000104|
11:12:56 | -0.211487 0.800628 -0.551240 0.101992| 0.000015 0.000056 0.000081|

Sim model

Planning Workflows to:
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CGl Innovation Center demonstrator: on-line monitoring of production unit

reflux_flow
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tube shest ':5:;:;’;*\'; :sﬂh tube sheat tube sheet (::.r: ewi with
Reboiler fio 2 21 : 23 C:} » — - —
TIVE a1 @ a3 as z 5 [_: ;
10:58:51 -0.775506 0451796 -0.431151 0.092625| ~u;mlsn ﬂﬂ;’l}‘ 0.048060)| (0 2, \.’ 3 s 2 e 15 = D— | T
1059:51 | 0218972 0800993 -0.551323 0.080649 0000562 -0.0003% 0.0029%| 1_20.) 16 . shell B |
1100551 | 0209406 0802330 -0.549578 0.101878) 0000110 -0.000117 000003 ube shee
110154 | 0209518 0804907 0545130 0105169 0000717 0000156 -0.000647 reboller_tem p 19 I ﬂ partes bafley
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: . K 3 " 3 H be-sid:
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1105:5 | 0210882 0800777 -0551268 0.101926{ 0000031 0.000016 -0.000050)
1106:5 | 0211182 080059 -0551430 0101580 0000149 0000080 0.000033) Shell
o 11:07:56 0211328 0800571 -0.551364 0.102101] 0000147 -0.000235 0.000191)
11:08:5 | -0.211150 0800743 -0.551232 0.101833| -0.000098 0.000155 0.000025) Shells in Series Baffle Spacing mm
1109:5 | -02110% 0800647 0551360 0.102107| 0000025 -0.000089 0.000095)
11:10:5 | -0211360 0800523 -0.551463 0.101875 0.000015 0.000042  0.000050) Shell Passes :} Baffle Cut (% diameter] |:ﬁ] %
111156 | 0211435 0800452 0551498 0.102084 -0.000019 -0.000171 0.000104 -
11:12:5 | -0.211487 0800628 -0.551240 0.101992| 0000015 0.000056 0.000081| Internal Diameter mm Baffle Type Single
Fouling Factor E} Kim2ad Baffle Orientation Vertical
Tubes
Internal Diameter ‘:I mm Passes per Shell I:l
External Diameter mm Tubes per Shell
Fouling Factor I:‘ Km2/Ad Tube Layout
Roughness mm Fluid in Tubes O Hot ® cold
Thermal Conductivity wWim.K

Clogging = performance degradation.
More energy required to maintain quality

pSeven
ENterprise L=! Python script Python script G‘ Python script

Inputs Run DWSIM Post
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Data streamed

Measured VS predicted
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Operating scenario

Stages

1. System monitoring and alerts

2. Digital Twin automatic recalibration

3. Optimization of unit parameters due to operating condition changes

4. Operator triggers maintenance operation at the right time
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Stage 1 : monitoring and regular re-simulation for new conditions

4 splunk> A
o Gather sensors intformation
» Validate
« Averaging
e Sending input Vector (periodically)
o /
A
Input Vector r
Results Vectnr]
API request
Y
e Update model N\
(]’("7 Workflow

« Update model
e Process results

|

Updates for

Dashboard

.

|

Updated
Fouling Factor

|

Parameters observed and tuned by operator:
- Controlled parameters of unit

- Measured by sensors

- Predicted by Digital Twin (includes virtual sensor)

4 Qlik @

Penalty energy: 4101 -
Penalty energy cost: 7 456 o -

Goal: provide the simulated results to compare with
data from sensors to control the current accuracy of
simulation model

Accepts: data from asset (sensors and controls) +
current value of fouling factor

Results: predictions for process output parameters,
penalty energy due to current fouling factor value and
difference for condensation temperature.

A
W

Alert

Check prediction
quality and
automatically trigger
model recalibration
when needed.

Operator can also
enforce recalibration.
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Monitoring and alert

= Values are available in the dashboard. They include control parameters (settings of the unit, affecting the

performance), measurable parameters of the unit (i.e. sensor values such as temperatures and pressures) and
calculated values (coming from Digital Twin). The pSeven Enterprise workflow is automatically triggered after

new data from sensors arrives, to get the expected simulated parameters for the measurements.
= Inputs from the dashboard (Splunk) to be used by simulation are processed by the /nputs block.
= The re-simulation of DwSim is managed by the Run DWSIM block.

= The goal is to ensure there is no huge discrepancy and the simulation model is accurate so that parameters in

the model (even unmeasurable ones), are close to real. The Post block is used to compute the discrepancy.

= QOperator (engineer) sees an alert from dashboard when the discrepancy of condensation temperature is higher

than one degree K(°C) due to the thermocouple sensors error.

Monitoring is handled by following workflow:

splunk >

= If the discrepancy violates the limit, Splunk triggers the calibration with a second workflow.

| Inputs
| Python script

DATADVANCE confidential - do not distribute under any

circumstances

Run DWSIM
Python script

Post
e Python script

splunk>
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Stage 2: Calibration of the model triggered by threshold discrepancy with

reality

4 splunk>
¢« Gather sensors intormation
e \alidate
e Averaging

Sending input Vector (periodically)

~

/

Operator is informed about:

- Digital twin was calibrated (updated to reflect actual state)
- Fouling factor was updated (also used as a virtual sensor)
- Additional cost to maintain production under current condition

updated to support decision making

|

New Fouling

Factor to
Dashboard

|

A
Input Vector " New fouling
factor to
API request | Dashboard
Y

-

Calibrate model ] N

‘ ,ﬁj s

» Update model
e Process results

>[ New Model ] Goal: provide new estimation for current value of
fouling factor to match simulation and reality (“virtual

sensor”).

Accepts: data from asset (sensors and controls)

Results: new estimation of fouling factor + penalty

energy for new value of fouling factor

A Alert

I

Fouling factor
indicates the
equipment clogging



/r(/'7 Automate engineering processes at scale
Model recalibration

splunk> splunk>

Recalibration workflow is triggered automatically while

the condensation temperature discrepancy violates the
threshold.

The workflow runs an internal optimization study to
minimize the difference between real and simulated
output (condensation temperature value) for current
conditions by changing the fouling factor in the model.
Once the model provides the results, equal to real, the new
identified fouling factor is returned to Splunk.

v

Results
é Python script

», » Design space
*  exploration

g.g Simulation model |
Workflow reference '

'r-------?-------

In the end, dashboard shows that prediction is matching
measurement again.

-----------------

The new value of fouling factor will be used for new
monitoring simulations until next calibration will be
triggered. p

Together with it the energy required to maintain
production with this level of fouling is also displayed (the \
higher the fouling, the more energy we need to spend to

overcome its effect) - this additional energy consumption

may be an implicit indicator to decide to clean the system.




/FC? Automate engineering processes at scale

Operator dashboard

Datadvance dashboard

Simulation accuracy :
98.97%

Launch optimization

Current fouling factor:
8.688193 Km?/W

Penalty energy:41.01 kW
Penalty energy cost : 8.46€
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Stage 3 & 4: On-event/on-demand process optimization and predictive
maintenance

/"
splunk> A
« Gather sensors information
« Validate
« Averaging
[Recn mmended cnntrul%
N J
A
[ Optimization request ]
trigger . g - s . | \
[ External | = |_-|_—| _ E .:.'-, |
parameters ‘[ Optimize ] _
f « Request for new optimal points
API request Results » Results visualization /
N .. \

« Update model with current external parameters
+« Optimize model for best performance by varying the controls
\. Return recommended optimal controls for current state j

Based on evolving operating conditions
(environment like T° in ex. or energy cost),
operator can request unit parameters
optimization based on target function like
price margins.

When margin, or predicted margin, doesn't
satisfy economical requirements anymore,
maintenance operation can be triggered.

- Maximize profit margins and reduce
downtime

[0
0

HighLimit

Goal: provide estimation for control values to achieve
maximum economical performance in current
conditions.

Accepts: data from asset (sensors only) with current
state of external and operating conditions

Returns: recommended values for control parameters,
expected output values and expected revenue.
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Asset control parameter optimization

= In any given conditions, operator engineer may like to optimize performance of the unit with
respect to control parameters.

= After trigger from the operator engineer, the model updates with actual data from the latest
calibration and optimization workflow runs.

= After optimization workflow is executed, dashboard shows the recommended values and
expected target values if such controls will be applied.

= Target function is economical : energy price *energy consumption.

» Design space
*  exploration

splunk> - splunk>

I -

Single_run
- B L e o o e e e e e e
g-g Workflow reference

é Python script
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Operator dashboard

Datadvance dashboard

Simulation accuracy :
98.97%

Launch optimization

Current fouling factor:
8.688193 Km?/W

Penalty energy:41.01 kW
Penalty energy cost : 8.46€
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Infrastructure for Operational Digital Twins

==1_ Business Apps
PP

Operational Predictive

Maitenance

Production Forecasting

Digital Qil Field

Sim/ML Studio

{

}

Data Preprocessing

Feature Engineering

Model deployment Optimization -_,,,

7 N
ESGVGN . Exoloratory Analvsis Model Development Advanced Model Lifecycle Automation API
Nterprise P y y Algorithms / AutoML Management Orchestration
A7 .
sl Data Reporting
{1 Object Models =| Data Governance

]
&= Virtual Data Lake

-»} Data Integration

Data sources

= ®

DevSecOps

- Qlik@

-

pSeven
ENterprise

—— splunk>
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Conclusion

= Production unit monitored 24/7

= Reliable prediction of unit health thanks to constantly updated Digital
Twin

= Hybrid Digital Twin leverages models built by engineering teams

= Down time reduced

= Profit maximized

23.10.2023 © DATADVANCE Confidential
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